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The purpose of this thesis was to study and enhance the processes of vessels propulsion
system dry docking service projects from the project management perspective. The study focused
on office processes before and after docking. The quality of the docking preparation processes
has a significant effect on the quality of the work performed at the shipyard and the outcome of
the whole project. The aim was to increase the efficiency of project operations so that the company could meet a growing demand profitably without compromising the quality of operations.
The aim was to create a clear process diagram of the projects, which was used to analyze and
study the project processes in detail and to identify the process’ wastes. Based on the identified
wastes, a future process model was created in which the wastes would not occur. To support the
developed project model, a framework for project measurement and monitoring with key performance indicators was designed.
The research was done as a qualitative research which includes a literature research and
empirical study. The methods used to visualize the current state and to create future project model
was defined by literature research. The current state of the projects was defined as an empirical
study based on the interviews and study of the documentation of the completed dry dockings.
The current state was visualized using a Lean-philosophy’s tool: value stream mapping. Based
on the mapping and interviews, wastes were identified, and their root causes analyzed. Value
stream mapping and the Scrum-method were used to create a future state map for the docking
projects.
During the research the most significant challenges of the projects were identified. Communication problems and unstable operating environment causes the greatest challenges to project
operations. The future state map offers methods to eliminate problem or reduce their effects significantly. However, the future state map is not ready model for implementation but provides a
direction and base line for the development actions.
There has not been such detailed and visual description of the project's processes and content. With the help of a visual model, the content of the project will be easy to perceive, and it
provides a base line for the development activities of the project management department. The
problems with the current operation model had been identified before this study, but their root
causes had not been further analyzed. The developed operating model of the future offers one
option for solving the root causes of the problems and make the operations more efficient.
Keywords: Lean, value stream mapping, project, Scrum, KPI
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Diplomityön tarkoituksena oli tutkia ja tehostaa laivojen propulsio-järjestelmien
kuivatelakointiprojektien prosesseja projektinhallinnan näkökulmasta. Tutkimus kohdistettiin
toimiston prosesseihin telakointia ennen ja jälkeen. Telakoinnin valmistelun laatu vaikuttaa
olennaisesti telakalla suoritettavan työn laatuun ja telakointiprojektin tulokseen. Projektien
toimintaa haluttiin tehostaa, jotta myös tulevaisuudessa pystyttäisiin vastaamaan kasvavaan
kysyntään kannattavasti toiminnan laatua heikentämättä.
Tavoitteena oli luoda projektin toiminnasta selkeä prosessikaavio, jonka avulla analysoitiin ja
tutkittiin projektien toimintaa yksityiskohtaisesti ja tunnistettiin toiminnan hukat. Hukkien
tunnistamisen perusteella luotiin tulevaisuuden prosessimalli, jossa tunnistetut hukat eivät
esiintyisi. Kehitetyn mallin tueksi suunniteltiin viitekehys projektin mittaamiselle ja seuraamiselle
keskeisen suorituskyvyn indikaattoreilla.
Työ toteutettiin kvalitatiivisena tutkimuksena, johon sisältyy kirjallisuuskatsaus ja empiirinen
osuus. Kirjallisuuskatsauksen avulla selvitettiin käytettävät menetelmät nykytilan visualisoimiseen
ja tulevaisuudentilan muodostamiseen. Nykytilanne selvitettiin haastatteluiden ja toteutettujen
telakointien dokumentaation perusteella empiirisenä tutkimuksena. Nykytila visualisoitiin Leanfilosofiaan kuuluvan työkalun: arvovirtakartoituksen avulla. Kartoituksen ja haastattelujen pohjalta
tunnistettiin projektien hukat ja analysoitiin niiden juurisyyt.
Työn avulla tunnistettiin nykyisten projektien suurimmat kipupisteet. Kommunikaatio-ongelmat
ja epästabiili toimintaympäristö aiheuttavat suurimmat haasteet projektien toimintaan. Uusi
toimintamalli tarjoaa menetelmiä, joiden avulla ongelmia voidaan poistaa tai niiden vaikutuksia
pienentää huomattavasti. Malli ei ole kuitenkaan valmis käyttöönotettavaksi, vaan tarjoaa
suunnan ja lähtökohdan toiminnan kehittämiseen.
Projektin toiminnasta ja sisällöstä ei ole ollut näin yksityiskohtaista ja visuaalista kuvausta
aikaiseimmin. Visuaalisen mallin avulla projektin sisältö on helpompi hahmottaa ja se tarjoaa
lähtökohdan projektinhallintaosaston kehitystoiminalle. Nykyisen toiminnan ongelmat olivat
etukäteen tunnistettuja, mutta niiden juurisyitä ei ollut analysoitu tarkemmin. Kehitetty
tulevaisuuden toimintamalli tarjoaa yhden vaihtoehdon ongelmien juurisyiden ratkaisemiseksi ja
toiminnan tehostamiseksi.
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1. INTRODUCTION
In this chapter the background and the research problems of the thesis are introduced.
Used research methods and structure of this thesis are also covered.

1.1

Background of the research

The dry-docking projects are part of the aftermarket services. Aftermarket business is
highly profitable and constantly growing segment. Companies need tools and methods
to be able to respond the growing demand. Service operations aim is to create value for
the customer by keeping the customers equipment functional and technically updated.
In the service business customers’ needs and orders can change rapidly and unexpectedly. Unexpected changes have a major impact on daily operations. Some of the demand cannot be predicted. As a result, the workload can vary greatly and cause a hurry
and pressure to the company. In order to respond to the haste of the fluctuations in
demand, the daily processes should be clear and work effectively. Service operations
requires quick decision making and causes pressure to management [78]. To ease the
management job there should be guidelines and process models how to work and make
decisions [80].
Prescheduled dry dockings are mandatory maintenance breaks for vessels. Interval of
dockings is defined by International Maritime Organization [45]. During the docking there
are different scopes for service depending on the age and type of the vessel. This thesis
covers the service projects of cruise ship and tanker propulsion systems during prescheduled dry docks for case company’s propulsor products.
During dry docking there are numerous contractors and work groups present. Shipyard
have their own workers and beside that shipowner can have dozens of subcontractors
for different jobs. That causes challenges and demands for every group. On a common
site the most important thing is to stick to the agreed schedule and work plan. Delays
and major changes in the work plan causes great financial losses and hampers other
parties’ work. Staying on schedule is vital, because the shipyards are full booked, and
the shipowners want to get their vessels back to normal operation as soon as possible
[19].
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In order to effectively perform the dry-docking activities in the shipyard the docking must
be precisely planned and scheduled. The nature of the dry-docking does not allow mistakes in the planning phase and even small mistakes during planning phase can cause
major losses.

1.2

Objectives and research problem

The objective of this thesis was to study the dry-docking projects from the project managements’ view and identify the challenges of the current state and create an improved
operating model with suitable metrics based on the current state analysis. The created
model should provide direction and a base line for project development in the future.
Currently the execution of the dry-docking project is based on the gate model. Gate
model provides a rough schedule and definition for the progression. Currently used
model allows project managers to implement projects in their own way, which causes
variation and problems for projects. Project managers strive to implement the project
according the gate model to the best of their ability. How the projects proceed step by
step cannot be precisely determined using the current model.
Constantly growing dry docking volume increases pressure of the projects. Increasing
haste and workload forces to look ways to develop projects. In order to develop the projects, the current state of operations must be thoroughly investigated. In this way, the
problems of the current situation can be identified and removed.
An essential part of project monitoring is metrics that measures the progression. Currently there are no metrics that would operate as a tool for a project management. Metrics
that measure the outcome of a project do not provide tools for influencing the outcome.
To support management, projects should have metrics that measure critical factors in
the project.
The research questions of this thesis are:
-

Which processes causes the waste during dry docking projects?

-

How to remove the waste from the processes?

-

What benefits can be achieved by adapting the improved value stream map?

-

How to monitor the project progression and avoid creating waste?

The study focused on dry-docking projects executed according to the service plan. Those
projects content and operating model is mostly predefined and can be reliably investigated and visualized.
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In terms of project content, the focus was on project management’s office-processes.
Project managements’ approach for study was chosen because the project managements processes are the core of the project that defines the schedule and implementation plan for dry dockings. The research also considered the stakeholders’ processes
related to the project. Stakeholders participation and impacts on project were studied to
determine the projects as a whole. Impacts were covered as an inputs and outputs for
project management’s processes.

1.3

Research methods

The study was done as a qualitative research which includes literature research and
empirical study. Literature research was the base element to define the used methods
and content of the thesis. Also, the empirical research was largely based on the literature
research’s results applied to dry docking projects environment. Figure 1 visualizes the
structure of the research. Literature research focused mainly on scientific literature
sources but also articles and publications of consulting companies were covered.

Figure 1. Structure of the research
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Based on literature research Lean- and Scrum-methodologies were selected as the
methods to be used to create improved operating model for docking projects. Lean provides effective tool for this purpose, value stream mapping (VSM). VSM was used to
define the current state and identify the wastes of it. Scrum was later used to create a
future operating model. After the suitable methods were selected the current state of the
projects was defined through interviews and study of current guidelines and documents.
Simultaneously the theory of the project metrics was covered as a literature research.
Once the current state map and necessary theory was clarified, the future state map for
docking projects were created based on the theory. Main result was compiled of the
future state map and framework of the metrics that allows to monitor the progression
effectively. Because the future state map was not introduced during this thesis, the benefits of the implementing future state map were evaluated based on theory.

1.4

Structure of the thesis

This thesis is divided to five chapters. In chapter 2 the theory is covered, and it is divided
to three segments Lean, Scrum and metrics. The research is covered in chapter 3 which
includes the defining of the current and future state map and waste identification. In
chapter 4 results of the research are introduced and in chapter 5 consists further research suggestions and discussion of human and tools transportation related to the dry
dockings. Chapter 6 summarizes the research and introduces the conclusions of this
thesis.
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2. THEORY OF PROCESS DEVELOPMENT
This chapter introduces the theory related the research of this thesis. Theory consists of
three segments Lean, Scrum and Metrics. First the Lean and some of its tools are discussed. This is followed by an introduction to the Scrum model structure and functions,
with the final segment covering project metrics theory, especially key performance indicators.

2.1

Lean

Lean is a westernized philosophy of Japanese manufacturing concept. Roots of Lean
are in Toyota production system (TPS). Later, other concepts have also affected to the
Lean and its content. Lean term was first time used by John Krafcik in 1987. After that
series of books of Lean was published by key persons of Massachusetts Institute of
Technology. Since then, the topic has been extensively researched and developed.
[58,63]
One definition for nowadays Lean according MainStream Management is as follows:
“Lean is a systematic approach that focuses the entire enterprise on continuously improving quality, cost, delivery, and safety by seeking to eliminate waste, create flow, and
increase the velocity of the system’s ability to meet customers demand.” [63, p.146]
Basically, Lean is a philosophy, a framework, a methodology, techniques and tools
which can be used to development of organization’s daily activities. The predecessors
of Lean were created for production’s needs. Therefore, it is still widely believed that
Lean is suitable for manufacturing only. Existing Lean is suited for every business and
every process. In the business world Lean have become worldwide movement. The Lean
concept or some parts of it have been adopted to the operations of small and large companies globally. [69]
In Lean the focus is in customer. Purpose is to fulfill customers’ needs and demands by
creating more value and improving quality by eliminating waste. Customer-oriented
mindset is noticeable in the five key principles of Lean presented in figure 2.
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Figure 2. Circular model of Lean main principles, adapted from [85]
Five principles summarize how value is sought to be created for the customer. According
to literature [35,58,59,84,85] of the subject, those five principles are:
1. Specify Value
Define the value of the process from customer point of view. Sort out the activities and
operations which makes value for the customers. Offer new products or services to customer if they create more value to the end customer.
2. Identify the Value Stream
Identify all actions from whole processes that delivers the value for the customer. Critically appraise what kind of value every step creates for customer. Remove unnecessary
and non-valuable actions.
3. Improve or Create Flow
Make the value creating actions flow by removing all possible waste from process. Process should flow smoothly towards the end customer and value creating steps should
occur in tight sequence without interruptions.
4. Emphasize pull over push
Let customer pull product or services as needed. This way the products and services will
be available for customer just in time.
5. Continuous Improvement
Lean seeks for ideal state of process where maximum value for customer is made with
zero waste. In the pursuit of an ideal situation, Lean emphasizes commitment of all employees to a common goal and a mindset of continuous improvement. [37]
Main principles are easy to learn in theory but not always easy to achieve in practice
[85]. There are numerous publications that guides how to successfully adapt Lean to part
of the company in different environments and situations [35,49].
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As mentioned above Lean has evolved based on TPS (Toyota Production System). Both
Lean and TPS shares the same values as well as principles that are often presented in
the form of the Lean house in figure 3. The roof of the house presents the objectives, the
roof is supported by three pillars that describe methods for achieving goals and the foundation is a stabile operation which enables the Lean methods to be utilized. [37]

Figure 3. Lean/TPS house, adapted from [42]
For the strong house all the building elements should be strong and different parts should
support each other’s. The whole house is built on top of stability. To achieve goals the
process should be stable and controlled. The second layer of foundation presents ways
to stabilize the process. Standardized work and leveled production (Heijunka) with continuous improvement (Kaizen) keeps the house stable and provides base for three pillars.
[20,42]
Pillars of the house are process flow, culture and quality. People are in the center of the
Lean. Educating and committing staff to problem solving and working towards common
goals is key to continuous improvement and quality operations. Constant search for
waste and removing it keeps process going and improves competitiveness. [42]
Lean requires every aspect of the house to work effectively. Continuous improvement
and removing waste are in a key position in a sustainable house. For example, if the root
cause of defect is not solved it causes more and more problems and soon it will disrupt
process flow and the foundation stability is shaking. Even if the elements are individual,
they are all attached to each other and one weak part weakens whole house. [37,42]
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2.1.1 Wastes
According to literature sources [17,79] wastes are activities that does not add more value
to the customer. Eliminating waste is important to improve quality, responsiveness and
safety in addition to reduce costs. Lean demands to identify and remove waste to create
continuous flow [49,58,84]. According Shigeo Shingo, who was one of the leading experts of TPS: “The most dangerous kind of waste is the waste we do not recognize.” [58,
p.15]
Lean divides waste to three different categories muda, muri and mura presented in figure
4. Often companies focus only on muda forgetting other two categories of waste. However, it is equally important to focus on removing mura and muri from the process also.
[61]

Figure 4. Three M’s of Lean, adapted from [42]
Muda

In most sources muda includes seven different types of waste [44,49,58]:
1. Transportation
Waste caused by unnecessary transportation of things. Transportation rarely adds more
value to the customer therefore, movement should be minimalized. Poor transportation
will increase costs, used time and risk of defects. Transportation is bigger issue in manufacturing than in office. There are infrequently needed to move physical objects from
place to another in an office.
2. Inventory
Excess inventory or storage tends to hide or compensate the weakness of process. Excess inventory slows down the material flow and delays noticing of problems. In Lean’s
just-in-time production model there are no need for excess inventory or storage.
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3. Motion
Main idea is the same as in transportation but with movement of people and machines.
Unnecessary movement could cause loss of working time and fatigue, increases risks of
damaging and safety issues and harm to others work.
4. Waiting
This waste occurs every time the workflow stops from any reason. When work stops the
value adding activities are delayed. Waiting often occurs when the work or material flow
is poorly scheduled, or workload varies between workstations. In office environment poor
communication causes lot of waiting waste.
5. Overproduction
Manufacturing more products than customer demand or performing non-value-adding
actions consumes work time without adding value or income to company. Overproduction is tightly bound to waste of excess inventory.
6. Overprocessing
Using more recourses than required to activities or making multiple variations of same
activity. Adding features which customer is not willing to pay. Common triggers in office
environment for example are poor communication, making extra reports and unnecessary bureaucracy. All these increases costs and acquired resources. Clear and standardized working models reduces negative effects of overprocessing.
7. Defects
Mistakes that causes excessive work and resources to fix defects. All defects and mistakes are impossible to avoid but the frequency of occurrence and effects can be reduced
by quality control and standardizing work methods. [44,49,58]
Some sources [35,76] adds the eight type of the waste in the muda:
8. Unused talent
Neglecting or underestimating employees’ skills and abilities causes loss of potential.
Positioning staff to right jobs increase motivation, creativity and effectiveness of employees. [35,47,76]
Muri
The waste of Muri is overburden. It means that people must operate in hurry and even
work overtime in order to deliver the product on time. That puts a strain on people and
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equipment which increases risk of defects, declining morality and inventory breakdowns.
Overburden reduce the ability to solve problems and improve process when people must
go from one emergency to another. Muri is a consequence of the problem not the root
cause. [52,61,77]
Mura
Mura is a fluctuation in workload. If the people have to hurry first and then be inactive
the next day, that is called mura. Unevenness is related to muda and muri as the figure
4 shows. Varying workload causes hurry and waiting which does not create value to the
customer. Mura prevents efficient and sustainable use of resources. Planning and schedules suffer from variation. [52,61,77]
Some types of waste are more obvious and easier to identify. Updating processes by
removing those flagrant wastes improves operations. Achieving sustainable and efficient
Lean operations comprehensive clarification of wastes is required. To separate visible
and hidden waste and grade wastes according to their criticality by using Lean and other
quality tools. Fast start and visible results should not be underestimated for Lean deployment success. [35,44,49,85]

2.1.2 Kaizen
Kaizen is Japanese origin; kai can be transferred as “change” and zen “to improve”
[10,21]. Kaizen aims to continuously improve the process to produce higher quality with
lower costs. Key players of the kaizen are employees who are committed to the cause.
Self-discipline, constant training and nurturing employee development are key elements
of successful kaizen. Small and easy-to-implement improvements are in focus. Kaizen
is not seeking massive changes like layout changes but small and consistent improvements by employees. Implemented improvements will make employees realize that their
suggestions and actions lead to the improvements [10]. It increases employee’s motivation and commitment to the kaizen [14,21]. Improvements drives development by itself.
As mentioned in chapter 2.1 kaizen is a key of the sustainable Lean house. It keeps the
house in good condition, but it need functional house to carry out its activities.
In order to enable continuous improvement beside the committed employees, the foundation of the process must be stable. The Lean concept includes numerous methods
and tools for process development and creating a solid foundation. Continuous improvement requires management support and encouragement. Forward-looking atmosphere
and dissatisfaction with the current status drives towards to ideal state of process. [37,75]
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2.1.3 Lean methodologies
Lean concept includes numerous different tools and techniques to improve the process.
With these tools the process can be stabilized and improved to operate more effectively.
These are not separate entities, but the best result is achieved when these methods and
tools are combined. These tools and techniques don’t solve the problems but can be
used to identify problems and solve them. [24]
JIT
Just-in-time (JIT) is manufacturing philosophy that guides to produce what, when and
how many is needed. Goal is to produce exactly what customer is acquiring in order not
to forecast. JIT helps to eliminate waste of work, time, needed storage space and capital
committed for work in progress. JIT is not focused to production only but entire company
and every process. Its goal is to produce quality and more value to the customer. One of
the process quality factors is delivering goods when needed. That is the main point of
JIT. [6, p.4-7]
According Singh and Garg JIT is sophisticated pull production concept of managing material flow in manufacturing to remove waste and excess inventory in every stage of process. Demand driven approach guides flowing production. Simplified process eases detection and elimination of problems. JIT is philosophy which involves every employee to
expose and solve problems. Pull production streamlines process flow by defining a precise task board of the process and schedule for process. Simplified pull production system is illustrated in figure 5. [16,73]

Figure 5. Pull production flow chart, adapted from [28]
Process begins when order from customer is received. As figure 4 shows, the information
or orders flow different direction than the materials. Every operation can be interpreted
as a customer of previous operation. JIT isn’t a single method which creates successful
business. It consists of several methods and tools; Kanban is one of those. [23,28]
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Kanban
Kanban translates as “signboard”. Kanban scheduling is demand oriented scheduling. It
offers for operators a visual signal how many products they must produce, when to start
and when change over. Kanban also guides what to do in abnormal situations and indicates the person of charge of the process. For managers and supervisors, it presents a
visual view of current situation of process. [23, p.1-4]
Kanban is more like an executing tool than a planning tool. Beside capital savings there
are lot of indirect saving and benefits. According Gross and McInnis [23] there are eight
benefits from Kanban scheduling.
1. Reduce inventory
2. Improves material and information flow
3. Prevents overproduction
4. Lower control to operators’ level
5. Creates visual scheduling
6. Improves responsibilities of operations and improvement
7. Decreases risk for obsolescence
8. Increases ability to manage process
Many of benefits mentioned in previous list are difficult to notice before deployment. Kanban provides simple model to improve process and make it more productive. [23]
Kanban key goal is to visualize workflow. One way to visualize is a task board and different task cards. At the beginning task cards will be placed to task board. That gives an
indication of what should be done. Task cards are divided to undone, in progress and
done tasks as the figure 6 shows. [15]

Figure 6. Example of Kanban task board, adapted from [24]
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Kanban is a continuous self-directed work queue where workload of work steps can be
constantly updated and increased. If some input is required, the party in need adds the
task card to the task board where the signal for starting task can be noticed. There are
not certain group of people who are responsible of the tasks, but employees can select
tasks from the table. Tasks do not have a schedule either, but job queue is automatically
unloaded by employees. [15]
Poka-Yoke and Jidoka
There are several tools to prevent errors and reduce their impacts. Jidoka and PokaYoke are methodologies that strive to reduce amount of errors and prevent faulty products from reaching the customer. [9, p.34]
Jidoka is automatic system or device which is looking for errors in process. When defect
is detected system interrupts the process. After detection of abnormality, the cause of
the error is eliminated as quickly as possible. When the process is back in normal running, investigating the root cause of the detect and solving it is important. Removing the
root cause precludes the same defect occurring again. [84, p.205-206]
Poka-Yoke is devices or actions which prevents mistakes from becoming defects. Product quality is monitored throughout the whole process. Poka-Yoke tools helps to prevent
mistakes or detect mistakes as early stage as possible. Poka-Yokes may also monitor
conditions and environment of operations to ensure they are appropriate to proceeding
process. [39,63]
Popularly is thought humans make mistakes and “if worker pays more attention on what
he or she is doing, risk for mistake is much lower”. All in all, human factor can be found
in almost every error or mistake. According that philosophy, people don’t intentionally
make mistakes or perform job wrongly. In Toyota’s way of thinking, mistakes occur because current working method allows it to happen. In this mindset guilty of mistakes is
transferred from employees to process. When people can work without pressure and
fear of mistakes, they can focus to solve problems and remove waste more effectively.
Poka-Yokes are used to prevent the method to allow mistakes to happen. [41]
Gemba
Gemba means the place or space where the work is done. Various wastes and problems
also occur naturally in same places. From Lean's perspective, the biggest mistake a
management can make is to manage and monitor value-generating activities behind their
own desks, separate from areas where value is created. [12,27]
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Gemba encourages people to go close to value-creating processes and learn about
those processes. This allows focusing precisely on a specific process and how it works.
The problems could be identified and solved effectively in cooperation with the people
who daily participate in the certain process. [12,27]
5S
5S is five step technique to clean up and simplify the process. It helps to identify and
remove wastes. It also could aid to improve productivity and quality of processes. The
5Ss are:
1. Sort (Seiri)
First step is to sort out necessary tools and materials and remove non-valuable thing
from process. Target is to save requisite materials and tools only. Workstation should be
neat organized to avoid wasting time searching for what is needed.
2. Straighten (Seiton)
Set remaining materials and tools in order. Define permanent locations and storage
forms. Workstation should be neat and organized to avoid wasting time searching for
what is needed.
3. Shine (Seiso)
Clean working environment and keep it tidy. Clean environment increases quality and
work comfort. Define responsibilities and objectives to achieve maintain cleanliness
4. Standardize (Seiketsu)
Next step is to standardize and establish actions and decisions taken in previous stages.
Integrate previous Ss to normal job responsibilities.
5. Sustain (Shitsuke)
Key phase to achieve long lasting and successful integration of 5s. Educate and commit
staff to new way to do things and continuous improvement. [35,39,44,84]
5s is simple and effective tool to clean and standardize process. It creates solid foundation for more advanced and detailed improvement tools for process. Those five steps are
often first actions to identify process weaknesses and areas for improvement.
[35,39,44,84]
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Heijunka
Ideal situation of Lean production is to produce just what the customer requires and when
they want. Unfortunately demand varies, which sometimes causes workload to increase,
and companies need to pay overtime and staff and machinery are overburdened. Rush
in production increases probability for mistakes and poor quality. In other hand the requirement could be low, capacity is left unused and waste is generated. To meet varying
demand, production needs large stockpile of every possible parts which customer possible orders. Leveling production removes effects especially wastes of mura and muri.
[42,77]
Leveling aims to reducing variation caused by demand volatility. Fluctuation must be
compensated by fill time. Production should be scheduled by average demand. Then
stock stays on track and process is stable. To fulfill customer needs and to meet the
delivery dates, the key is an effective production planning. Production should be planned
in daily basis. If average demand changes production scheduling should be changed
also. The goal of leveling production is also to keep employees aware of future workloads
and schedules. [34,42,77]
Standardized work
Standardized work is a key to the kaizen. Unfortunately, standardizing activities causes
resistance among the employees. They feel like they will be chained, and they have to
work like a “robot” if the work is standardized [35]. In Lean standardized work have wider
purpose than define different steps, methods, tools and schedule of the process. Standardized work liberates worker from chaotic and unclear task. If the process is visual and
standardized, employees have more time to be creative and improve the process. Continuous improvement, kaizen can begin only when the process is stable. Standardization
is not permanently defined stand-alone element in the process. Standardized work is a
continuous process driven by people [41].
“Today's standardization … is the necessary foundation on which tomorrow's improvement will be based. If you think of "standardization" as the best you know today, but
which is to be improved tomorrow—you get somewhere. But if you think of standards as
confining, then progress stops.” [42]
In Toyota production system standardized work contains following document and specifications:
-

Operating guide for operators

-

Process definition
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-

Documentation of standard methods

-

Standardized work chart

-

Quality check sheet

Standardized work chart is centered around human movement and actions. It defines
effective operating model where waste is minimized. Chart also serves as operator guide
and visual tool for supervisors to observe functionality of workstation. Quality check sheet
guides which characteristics should be checked and maintained and how often. It also
gives instructions what to do, when the operation is disrupted. [81]
The goal of standardized work is enabling continuous improvement. It achieves better
quality, lower costs and more effective staff. When process is standardized, workers can
notice defects quicker and more easily, in addition they have time to correct mistakes
and develop weaknesses of the process [41,42].

2.1.4 Lean Six Sigma
Six Sigma was invented by Motorola in 1980s. Then it was widely thought that highquality increases manufacturing costs and decreases production capacity. Motorola believed otherwise, “the better, the cheaper” [79, p.1]. They noticed satisfied customers
give rise to higher profitability. Afterwards business world has noticed successful operations need Lean and Six Sigma. Six Sigma is data driven methodology where decisions
and improvements are based on the hard data. Focus is to reduce process variation and
preventing errors and defects. Combining Lean to Six Sigma brings more humane perspective, decisions don’t need to be based on pure data analysis only but in “gut” feeling
also [83, p.42]. Lean also brings more focus to the people. To sum up, Lean Six Sigma
is as follows:
-

Data driven approach to analyze and identify root causes of process problems.
Aim is to improve product quality and process.

-

Invest in employee’s education to increase knowledge of the process and its main
objectives such as customer satisfaction, on-time delivery and economical profitability. Lean Six Sigma is also a management strategy to achieve economically
viable result of the project.

-

Combines firm engineering philosophy and techniques with low risks.

Six Sigma emphasis customers voice as well as Lean does. Similar mind set of these
philosophies makes them functional match. Together they form a comprehensive and
versatile toolkit to process development, suitable for all kind of business activities. [12,79]
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Six Sigma name comes of the effort to achieve the ideal state of the process that is 3,4
defects per million opportunities [50]. Defects are monitored through whole production
from designing to the finished product. To reach ideal situation Six Sigma utilizes effective and well-designed DMAIC problem solving methodology presented in figure 7. [5,72]

Figure 7. DMAIC-cycle, adapted from [66]
Before the DMAIC-cycle can be used the process with issues should be defined. There
are couple different factors to consider in process definition: customer needs, desired
quality and target state for the process. In definition it is important to include also unnecessary actions to the process chart. By defining the process to be improved, the foundations for improvement is created. In Six Sigma quality is often divided to three different
elements: quality of product or service, staying on schedule and processes profitability.
[72]
DMAIC includes five different stages to improvement. First step is to define the problem
and actions to solve the problem more precisely. In the literature definition is done from
project perspective. After this define-phase, the action plan, schedule, necessary resources, goal and scope should be clear. In order to achieve goals of this phase the
following factors should be explored [30,60,66]:
-

Problem description: Summarizes the situation and problem which should be
solved. Clarifies current situation and expenses that the problem or inefficient
situation causes.

-

Profitability of project: Demonstrates the necessity and viability of the project
in order to get full support and required resources from organization. A good project is in line with company’s strategy.

-

Goal: Project should have a clear goal. How significant improvements are sought
and what are the financial benefits.
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-

Project scope: Scope and goals of the project should be realistic and achievable.
The broader the project is, the more challenging, risky, expensive and slower it
is to implement.

-

Stakeholders: Participants and all stakeholders affected by the project should
be identified, for example customer, suppliers, project team and different departments. The impact of the project on stakeholders should be evaluated.

-

Resources: Equipment’s, tools, data and labor needed to complete the project
in time, should be clear and availability ensured.

-

Scheduling: Clear schedule for different phases and milestones should be done.

Before starting the project, ways to measure and monitor the progress and outcome of
the project should be defined. Beside monitoring the economic benefits, defining what
kind of data and information the project could offer for future projects is important. [30,66]
After the improvement project is defined, next step is to define the areas to be measured.
When the measurable factor is clear, collecting data and information of that should be
performed. Validity and reliability of the collected data should be verified because it will
be used in next phase and in control phase also. Collected data is important to measuring
the success of the process when comparing improved process to the old. [30,66,72]
After measuring and collecting information and data next step is to analyze the current
knowledge. The goal is to find solution to the previously detected problems [66]. To get
full advantage of the measurement phase there are couple different activities to be done.
Detect the causes of variation, value stream analysis and screen for significant inputs
from irrelevant ones. In value stream analysis the process should be distinguish to valueadding activities, not-value-adding but necessary activities and non-value-adding activities which are waste. [30]
Analyzing measured data gives information of the cause-and-effect relations. Separating
effects from the sources you can intervene in the right things. As important as finding
solutions is also to think about the impact of change to other activities and processes.
Whether the planned improvements will reach full potential of the process.[60]
If the analysis results in more than one potential development proposal, piloting different
solutions and measuring their effects is important [72]. Piloting allows to choose the most
effective improvements option based on “hard data”. Some literature sources include
piloting into the next phase of the project. [66]
After the measured data have been analyzed, decided changes in the process would be
implemented. Removing root causes of the problem and scheduling implementation are
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the next steps towards the enchanted process. Comparing data from the improved process to the starting point gives valuable information of the effects of the done actions.
[30]
In the last phase of DMAIC-cycle, goal is to make renewed process permanent and controlled. Quality control of inputs and measuring the outputs is the basis of the process
control [60 p.962]. In order to enable controlling and permanent operation, the reformed
process should be standardized. Standardization requires training of employees and
stakeholders to become accustomed to a new process. New process should be clear to
all who are involved to it. Monitoring is key to maintain the efficiency of the process; it is
important to decide what and how should be monitored [30]. In the beginning of new
process is important to get rid of teething troubles. If those problems are not quickly
removed the effectiveness and approval may suffer. In control phase the DMAIC-cycle
illustrated in figure 7 can be used to remove problems encountered.[72]
Cycle illustrated in figure 7 is a foundation of whole DMAIC, but it can be used in smaller
scale within each phase. DMAIC methodology is formulated as cycle because it aims to
continuous improvement. During the control phase there might appear new areas for
improvement. If the problem can’t be solved immediately and solving requires more effort, the whole DMAIC-cycle project should be started again from define phase. [72]
In the end of this phase a new process has been introduced and stabilized. After that the
project will be summarized: whether the objectives were met, what changes were made,
how much economic benefit was achieved and how the process will continue and developed. [72]
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2.1.5 Value stream mapping
Value stream mapping (VSM) is a sophisticated and holistic way to understand and visualize the process flow. Value stream mapping was originated by J. Womack, D. Jones
and D. Roos in their book at 1990. The Machine that Changed the World was the initial
impetus for Lean proliferation. Value stream is sequence of activities and processes
which are needed to meet customer requirements. Value stream consist of two different
flows, material and information as the figure 8 shows. Often value streams are also
cross-functional which means that the product or service flows through several departments or teams. Value stream mapping can also be done for single process or department. [46]

Figure 8. Simplified value stream map
VSM can be easily confused with the process map. Although M. Karen and M. Osterling
claims that the VSM differ from process maps by five significant ways [46].
1. VSM enables process development and helps to create strategic approach to
improvements. Enables development of individual processes and work stages
even if the mapping of the entire process is not yet clear.
2. Provides clear and visual view of the process and how the process is progressing.
In the map usually founds three components which are: work and information
flow and timeline.
3. VSM deepens the understanding of the system that creates value for the customer. Compressing complex processes to the simplified higher-lever functions
helps to understand the system. Better understanding supports the decision making and improvements.
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4. The quantitative nature of VSM is the basis for decision making based on data.
Measuring the flow and work progression provides vital data for continuous improvement.
5. Process maps have internal focus while VSM reflects the workflow from customer
point of view. VSM encourages to see the flow as a collaboration of many different activities and departments rather than as single processes and actions.
Using VSM allows to analyze the flow of information and materials. There can be wastes
or blockades in both flows. With VSM it is easier to identify and remove those wastes.
By monitoring both flows, it is also possible to check whether the flow of information is
slowing down or blocking material flow or vice versa. [13]
Value stream mapping begins with defining the current state of process. If the goal is to
improve the process, first should be clear how the process is currently performing. Figure
9 shows the simplified steps of mapping.

Figure 9. Steps of value stream mapping, adapted from [13].
By following these steps, the current state of operation and its different flows can be
defined first. From the current state, various wastes and weaknesses of the process can
be identified, which will be developed based on continuous improvement. Different Lean
methods can then be used to create a future state map. Finally, the future state map is
implemented to the operations. However, Kaizen should not be forgotten, efforts should
be made to continuously develop the new operation model. [13,43]
Current state mapping
To define and draw the current state map, first should be able to understand how the
process is currently performing. The reality likely varies when compared to the process
map and employee’s opinion. Current situation is like a snapshot of how the process
progresses, that is, a picture of the current state not of the past or how it should operate
[51]. In the end of the current state mapping everybody should be able to see how the
values stream is actually progressing [46]. After mapping, being able to explain to employees what they do and how they do and how their actions impact to other is vital thing.
Employees should be able to understand also the entire process flow [51].
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D. Locher [43] lists 6 different steps to complete mapping of the current state.
1. Identify customer needs and requirements
2. Identify main processes
3. Select metrics for process
4. Perform walk-through for value stream
5.

Clarify how different processes prioritizes their work

6. Calculate value stream summary metrics, for example process time, costs and
lead time. [43]
First step is to define the customers’ needs and requirements. Requirements and needs
are often linked to quality and time. Usually customer requires that the products or services are as agreed and delivered on time. Basically, the customer indirectly defines how
the process should operate and what steps are required. Next the main processes should
be defined. These processes are the macro level processes where certain actions and
tasks are done. Usually the flow is disrupted between these main processes. To get
enough background information of the process flow the metrics for process monitoring
should be defined. After that the needed data will be collected and analyzed. This data
is used to identify waste and create the future-state map. [43]
Walk-through or Gemba as it is known in Lean terminology helps to identify how the flow
is happening. Observing the process gives the realistic overview of the process, how the
process is practically operating not in theoretically. Walk-through contribute to identify
flow blockades and walls between processes. If the different processes are not familiar
the walk-through gives good insight of the processes, whether they are value adding or
non-value adding processes. [46]
Information flow cannot be walk-through in the same way as the material flow. Still the
walk-through for information flow is as important as walk-through for material flow. Information flow walk-through is based more to estimation of the employees. Working methods, work environment and used tools can be identified by asking for the people performing the job. Employee views on information problems are also important to determine the current state. [43]
During the gemba-walk employees should be asked how they prioritize their work. Different prioritization criteria can cause major problems with the flow. By understanding
the problems caused by prioritization, the flow or lack of it can be understood better.
Prioritization causes difficulties especially in the office environment. [43]

23

Last step is to calculate the summary of the current state. Calculated factors may include
process time, costs, and required resources. Summary provides a simplified view of the
current performance of the value stream. [13,43]
After mapping the current state, there should be a clear and visualized picture of the
different processes and their stages. There should be clearly defined how the process
flows from the first input through the processes to the final output. All the resources
needed by the processes as well as the inputs and outputs of every process should be
clear. It is also possible to add the desired additional information about the operations to
the current state map, for example, the participating stakeholders, information systems
etc. [33,46]
Future state mapping
Once the current state has been defined and mapped, next step is to design the desired
future state. Planning the future state brings both challenges and freedoms, there are
not one right way or right result for future state map. The most important thing is to create
future state that meets the desired future improvements [46]. Future state map is not
completely dominant document. Usually the improved state varies from future state map.
When the improvement actions begin there might appear new issues and opportunities
which are not noticed in future state mapping. The mapping acts as guidelines for improvements. To reach best results, development activities must be reactive and adaptable as the implementation progresses [51].
Future state mapping is strongly linked to the Lean thinking of wastes and how the processes should operate. In literature arises questions that should be answered in future
state mapping. The issues to be defined are mainly related to the various processes and
their importance in creating value. Customer orientation and creating value is the heart
of the Lean. Therefore, the customer is the key for successful future state. Locher [43],
Martin and Osterling [46] highlights seven different elements that should be noticed in
future state map:
-

Customer real requirements and needs

-

Checking the process performance from customer view

-

Value creating steps and waste steps in process

-

Workflow and how to reduce interruptions

-

Work control and how to trigger and prioritize work

-

Leveling the workload, Heijunka
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-

Required improvements

First element is to define what the customer wants and desires. There are couple different features for customer needs, quality, cost and scheduling. In future state mapping
should be clear the quality level being aimed, at what costs and how long the process
should take. To these objectives the customer requirements is the baseline, although the
targets would be reasonable to be higher than customers’ requirements. To find answers
to those features sorting out and defining the nature of the different processes based on
customer needs is recommended. There found three categories for processes in Lean
philosophy: value adding, non-value adding but necessary and non-value adding processes. First and second categories are necessary and cannot be eliminated but the last
category should be eliminated. Non-value adding but necessary processes cannot be
removed but the effort to complete the process should be minimized. The Lean’s goal is
to allocate the largest possible share of resources to value creating processes. [43,46,51]
The identification and elimination of wastes should focus on factors that affects to the
whole process. Focusing on too detailed wastes may hamper detecting the real problems. That slows down the development and implementing the significant improvements.
To find the real issues in current process there are couple things to inspect further:
-

Why the current processes exist?

-

What can be done differently still meeting customer requirements?

-

Does the current process order cause waste?

-

What knowledge and experience are required in certain processes?

-

Is the current level of monitoring and management enough?

-

How the current process steps are formed?

Those questions more likely bring up the factors and wastes that are most relevant to
the whole process. [33]
After the desired processes and activities are decided and mapped to the future state
map the next thing to do is visualize the flow. In ideal situation the workflow goes through
the entire process without any stoppages or waiting. In order to achieve continuous flow
all blockades should be removed. As mentioned before, the prioritization is vital for process flow. Differences in prioritization and variable workload causes buffers and queues
which interrupts the flow. Workload balancing (Heijunka) and streamlining of prioritization
are the key elements to create continuous flow. Information flow and material flow effects
on each other. Material and information flows should be organized so that they don’t
hamper each other’s. In the future state mapping the flows should be much faster and
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more continuous than in the current situation. The methods mentioned in the literature
to improve flow are harmonizing prioritization, define maximum buffers and define buffer
locations in process. Actions to eliminate interference will speed up the flow and prevent
major interruptions. [4,46,51]
Improving internal processes requires often flexibility between different departments and
teams, as process changes will affect the workloads of different departments. In order to
the effects of process changes to be accepted and implemented, changes should be
justified as a better service to the external customer. External customer should be the
main priority for every department even if they aren’t in direct contact with an external
customer. Serving and fulfilling external customer needs should be the common interest
of everyone. Finding a common goal and effective cooperation are helping to create an
effective process. [33]
When mapping the future state, different areas that requires improvement may appear.
Lean and Six Sigma provides multiple different tools and ways to solve those issues.
Issues may be detected during implementation phase. In those situations, the issues
should be responded immediately and not blindly follow the mapped future state. [46]

2.2

SCRUM

Scrum is a one framework of Agile concept. Agile methods are a concept that thrives
lean, responsive and learning oriented operations. It was developed for rapidly changing
business. Agile methods thrive to develop flexibility, productivity and reactivity of the processes. Mentioned reasons to adapt Agile methods in operations for example, are reducing project risks, improving predictability, and improving team management and efficiency. [29]
Adapting Agile methods have increased delivery quality and speed, project transparency, effectivity of teams and ability of managing changes. Agile methods have lot of
common goals and influences with Lean. It has proven its efficiency and usability in a
variety of operating environments. Scrum and its variants are the most used Agile framework. [29,48]
Scrum was originally created for software development but later it has gained popularity
in project management in other businesses also. It offers an effective team-based management system with capability to react changes during the process. Scrum is suitable
for managing complex and large-scale projects. In scrum the project is divided to clear
steps with clear goals and timetables. Each stage is assigned its own team, which are
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responsible for the tasks assigned to them. Scrum does not focus on managing individual
steps or tasks but focuses on project phasing and management. [65,70,74]
Incremental and iterative framework builds on three main pillars: Transparency, inspection and adaption. Together those pillars form the basis of the empirical process. The
goal is a process that can be monitored by all who are responsible of the outcome. The
process is monitored frequently and adjusted when required in order to minimize the
variations in agreed objectives. [22,48,71]
Scrum is a holistic view of teamwork which includes different roles, tasks and values
which combined delivers the product. The framework adapts to each case individually,
considering characteristics of the environment. [58]

2.2.1 Scrum Roles
Scrum model includes three different roles. Every role has specific responsibilities and
tasks during the project:
-

Scrum master

-

Product owner

-

Development team

Every role is important to create an effective and successful Scrum. Some roles focus
on maintaining Scrum operations and support others and other roles are responsible of
implementing the Scrum actions. These roles will be introduced in more detailed in following segments. [29,48]
Scrum Master
Scrum master is an owner of the Scrum project. He or she is responsible of the upholding
values, principles and practices of the Scrum. Leadership in Scrum is different than in
traditional authoritative and controlling leadership. Scrum master is a servant leader who
works among other as a coach and mentor. [48]
Scrum master helps the other roles to solve issues and maintain smooth operation. He
or she makes sure others can focus on their own tasks without unnecessary distractions
and problems. Scrum master’s responsibilities can be summarized in seven tasks:
-

Take care of the success of Scrum

-

Maintain the values and practices

-

Facilitate others work by removing issues and shielding the team

-

Leading and coaching the team in adoption of Scrum
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-

Enabling the visibility and cooperation

-

Ensuring team productivity

-

Assisting product owner with the operations

Scrum master is the one who maintains the right operating models and is responsible for
continuous improvement. He or she is responsible for sustainable environmental and
atmosphere allowing others to focus on value-adding activities without disruptions.
[29,48]
Product Owner
Product owner is responsible of defining and ordering the product backlog and maximizing the value of the project. Even though those tasks should be done in cooperation with
the whole Scrum team the responsibility belongs to product owner. Product owner is also
responsible for the longer-term operation of the product or service. [48,64]
In simplified terms the main responsibilities of the product owner are:
-

Identifying value of the product backlog

-

Communicating with customer and other departments

-

Defining budget

-

Setting goals and sprints

-

Participating sprint planning

-

Accepting the sprints

-

Scheduling the sprints

-

Ensuring the financial benefits

-

Justify the profitability of operations and commit employees to a common goal

-

Direct the development team in right direction

Product owner ensures team is performing effectively on financial point of view and ensures communication with customer and parties who are not involved to the Scrum.
[29,48,64]
Development Team
Development team is a cross-functional team that usually consists of specialist of different sectors. Team is responsible of doing tasks which have been defined in product
backlog in cooperation with product owner. Typically, team includes 5-9 members de-
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pending of the project scope and required knowledge. The team operates in a self-directed manner and completes the required tasks as it sees fit within a specified time. The
composition of the sprint team may vary depending on the skills required for the sprint
tasks. [64]
To perform tasks effectively, the team should have authority to make decisions in connection with their own tasks. Visibility of own tasks and cooperation with other members
creates solid foundation for team. Commitment to common goal and continuous improvement are important characteristics of team member. [29,48]

2.2.2 Scrum Activities
Scrum is often compared to the Kanban; they both have common ways to manage the
process. There are a few certain differences which makes them suitable for different
nature business. The biggest difference comes from the fact that Scrum is a time-limited
model, while Kanban directs to continuous time-indefinite operation. In the Scrum tasks
and responsibilities are defined while kanban directs to continuous and uncontrolled operation, where work is performed pull-controlled without further prioritization and allocation. [24,26]
Scrum follows certain framework of operating which is presented below in figure 10.

Figure 10. Scrum flow, adapted from [11,48,67]
Scrum model is based on predefined task list, project backlog. From the project backlog
tasks will be divided to sprints which the cross functional team performs. Depending the
scope of the project backlog, there can be numerous sprints before every task have been
completed. After every sprint, results should be reviewed in order to ensure quality and
to boost the continuous improvement. [29,58,64,70]
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Product/ Project Backlog
Product backlog is a list of all defined and required tasks that should be done during the
process. Product backlog tasks can be defined as a user story which is a description
what is required. The user story allows the team to define what should be done to answer
the story. In recurring project, the product backlog can be a fixed frame which can be
edited in the beginning in order to fulfill certain project requirements. This allows it to be
tailored to each project individually. [29]
Product backlog should be ordered and prioritized so that it is easy to understand the
importance of the different tasks from a value adding perspective. Original backlog is not
a fully binding. The product owner can add, remove or refine tasks from backlog. Possibility to edit the product backlog makes it more flexible and responsive for changes in
business. Refining the product backlog can be done at the beginning of the sprint in order
to make the process more effective and realistic. Prioritization should be constantly monitored in order to ensure the most valuable and important tasks will be done at the time.
[48]
Sprints
Sprints are short events when tasks from the product backlog will be done. Sprints and
their tasks should be defined so that they can be done during a one month. With short
sprints flexibility and responsiveness to changes can be maintained. Sprints are scheduled tightly and monitored constantly in a way whole process can be managed effectively. [48,68]
Beginning of the sprint the team and product owner defines the sprint backlog, a list of
tasks to be performed during the sprint. Product owner sets the sprint goals and schedule
which should be agreed by team. Sprint backlogs’ tasks should be decomposed to the
tasks that can easily monitored. If tasks are large entities, it is challenging to monitor
their progress. When the sprint is defined, tasks should be done without interruptions
and changes. Scrum master supports the team to effectively complete the sprint and
achieve the sprint goals. Sprints helps to focus on currently the most important things to
avoid the unnecessary up-front discussions. [29,48,64,82]
During the sprint transparency and communication are maintained with a regular meeting. At pre-arranged meetings allows team members discuss about the progression of
the sprint. Synchronizing tasks and sharing information makes the process more transparent and brakes down the silos. Meetings have a simple agenda:
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-

What I have done?

-

What I will do next?

-

What is hampering my working?

First question gives an opportunity to keep all updated of what have been achieved.
Second increases visibility of the future and encourages cooperation. Last question encourages to kaizen by bringing up the concerns and issues that the team members have.
That’s how process weaknesses can be detected, and actions can be taken to improve
the process and allow teamwork without disruptions. Scrum master plays vital role in
removing issues.[48]
Sprint review and retrospective
At the end of the sprint and before the next sprint or project ending, the sprint review
should be done. Sprint review is a shared inspection process of the tasks that have been
done during the sprint. Sprint team presents their tasks to the other team members and
product owner. Product owner accepts results and give feedback to the team. If there
are significant changes required, usually those changes are added to the product backlog and will be done during the later sprints. However, it is not advisable to leave all task
reviews at the end of the sprint, but they can also be reviewed during the sprint. [33,48]
Sprint retrospective is a sprints’ lessons learned. It is meeting where the team reviews
the previous sprint and reflects on which things succeeded, and which posed challenges.
This raises issues that should be addressed. When lessons learned are held after every
sprint, team members have detected issues fresh in memory and therefore the improvements can be done quickly. In changing environment, the issues and development
should not be delayed too far. [33,53,55,67,82]
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2.2.3 Complex Scrum
In larger projects the Scrum can be divided to multiple Scrum teams each of which focuses on own sector or task. This is called the Scrum of scrums. In order to maintain
communication and transparency, every Scrum have a representative whom take part to
the Scrum of the Scrums meetings.[64]

Figure 11. Complex Scrum system, adapted from [64]
As shown in the figure 11 the separate Scrum teams do their own work and hold their
own Scrum meetings. Information and progress are reported in meetings with a person
from each team. In a combination of multiple scrums, it is important to consider schedule
compatibility This type of approach comes into play when project involves several stakeholders with their own processes. [64]

2.3

Metrics

As can interpreted from previous chapters metrics are key element of Six Sigma and
Lean’s continuous improvement. Without metrics there are no clear evidences how project or process is operating, and the decision making is based on gut feelings only. Importance of the metrics should not be underestimated. Metrics are not useful unless you
know what is measured and how to use the metrics for management and analyzing the
process. Reliability of metrics is strongly dependent on quality of the data. In this chapter
basics of metrics and why to use metrics is reviewed, based on literature research.
[12,36]
Although metrics are important, should be thought carefully what to measure and how.
D. Okes answer to this question in his book in year 2013, measure things that you want
to achieve. There is common phrase “what gets measured gets done”, it is one of the
key notions to set up metrics for project or process. [12,54,62]
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Project metrics are often built based on customers’ expectations and requirements, but
there are many other parties who are willing to know how the project or process is performing. Those different parties are the stakeholders of process or project. Every stakeholder has requirements for output of previous operation and own opinion what should
be measured and how [54]. However, it is not wise to measure everything possible because maintaining and updating metrics requires resources and increases costs. Therefore, project management and stakeholders should have common understanding what
should be measured and why [32]. There can be own metrics for different stakeholders,
which guides their activities, if the metrics are consistent with the company strategy [58].
If every stakeholder has own metrics which are separated from other stakeholders and
common project metrics, there will be chaos and very little is achieved. There should be
clear reasons why metrics exist and how to use them [57].
Project metrics are used to monitor and visualize progress of a project. Metrics should
be clear and available for all stakeholders who are involved to measured matter. Most
important role to metrics is to give information for management and allow them to make
right decisions in right time. According to Kerzner good metrics leads to proactive management rather than reactive management. Proactive management requires that some
of the metrics operates as an early warning signal. [31,32]
According to D. Okes there are different purposes and places for metrics. One is to
measure the quality of outputs. Another option is to monitor if the inputs are suitable for
use. Metrics can also be used to monitor different factors of the project to ensure that
outcome of the project is acceptable [54].
To define metrics characteristics there are often used SMART rule in literature. Rule is
used to establishing goals for projects but later adapted to define metrics. SMART rule
comes from specific, measurable, attainable, realistic and time based.
-

Specific: The metric is defined clearly. What is measured and how? The reason
for metric should be clear too.

-

Measurable: Metric can be measured and presented quantitatively.

-

Attainable: The objectives are sensible and achievable

-

Realistic or relevant: The metric is directly linked to the project and its goals.

-

Time-based: Metric is measurable in certain time period. [32]
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Parmenter divides metrics to two different categories which both can be divided to key
and normal indicators. Result indicators gives a picture of the results of project, whether
the project was successful or disappointment. Performance indicators tells how the project is progressing. Those indicators can be used to evaluate outcome of the project.
Indicators roles can be illustrated as an onion chart as the figure 12 shows. [56]

Figure 12. Onion chart of metrics, adapted from [56].
Key result indicators (KRIs) are the shell which shows how successful the project was.
Every error or failure can be noticed in KRI results. Under the shell there can be multiple
result (RIs) and performance indicators (PIs) which shows how different individual steps
have progressed and sub-results of the project. PIs and RIs could be for example, the
different metrics used by stakeholders to measure their own processes. Those metrics
forms different layers of the onion. In the middle of the whole project is key performance
indicators (KPIs) which measures progression and performance of the whole project.
Those indicators are vital to outcome of the process. Their results are strongly linked to
results of KRIs.[56]
There are certain features that makes metrics key performance indicators. Those features will be introduced in the next chapter. KPIs are often confused with KRIs. To make
their distinction clear, this will be discussed also in following chapters.
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2.3.1 Key Performance Indicators
Key performance indicators are the most critical performance metrics which indicates the
situation of whole project. Those metrics tell if the project is progressing properly and if
conditions are favorable for success. Every stakeholder should clearly understand KPI
metrics, why and what are measured. Stakeholders should be able to affect KPI’s results.
If their actions have no impact to the metrics, they do not consider the meter important
or significant. Although KPIs are important to every stakeholder real reason for metrics
is to provide tool for management, as mentioned above. [32]
For long time KPIs were based on costs and time only. Nowadays the need for metrics
of other factors have grown. Metrics have also become more diverse; they could measure many different factors and give one result. One example of that kind of metric is
customer satisfaction, which measures different aspects of product which affect customer satisfaction, such as service and product quality and staying on schedule. Result
of these measured factors are read together to describe customer satisfaction. [32]
To provide useful and functional metrics there exist several different ways to define good
KPIs in literature. However, the basic idea is the same behind different methods. In literature the beginning of the KPI selection is to define the corporate strategy and objectives.
Recognizing these things is important because the KPI must be aligned with strategy
and important factors for success. It may sound far-fetched that the project's KPI must
be in line with the corporate's strategy, but if the project objectives are properly defined,
they should be aligned with the corporate strategy so the factors to be measured are
also in line with the strategy. [3,7,32,54,57]
Strategy defines objectives and important factors for success. Particularly D. Parmenter
[37] emphasizes the impact of Critical Success Factors (CFS) on KPI selection. CSFs
are elements that are necessary for project to achieve its goals. Okes [38] consider developments and changes in objective and metrics based on results and feedback. KPIs
and objectives may not be immediately correct and thus they can be modified to be more
truthful. [54,57]
For project KPI’s it is important used metrics are actionable and predictive. They should
give signals and tools for project management for actions to improve project outcome.
H. Kerzner instructs to use Eckerson’s definition for project KPI’s. Eckerson recites
twelve characteristics for effective KPI metrics which are introduced in table 1. [32]
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Table 1.

Characteristics

KPIs characteristics, adapted from [32]

Definition

1. Aligned

KPIs should be aligned with company strategy and
goals. Metrics should measure factors which are relevant
for strategic goal

2. Owned

Every KPI should have owner, an individual group or person who is responsible for updating it and its outcome

3. Predictive

KPIs should measures factors which drives the business
value. Key indicators of major processes for the result

4. Actionable

KPIs should be updated regularly so the stakeholders
and management have needed information to take actions to improve performance

5. Few in number

Amount of KPI should be wisely selected, too many metrics will cause disruption and increase costs without creating value

6. Easy

to

under- KPIs should be easy to understand and interpret. If metrics are too complex users don't know how to influence
the metrics outcome

7. Balanced

and KPIs should support each other. There shouldn’t be metrics which improvement weakens result of other metrics

stand

linked

8. Trigger changes

Measuring KPIs should trigger positive wave of improvements

9. Standardized

KPIs and the data collection should be standardized so
that there is no measurement variation in the results

10. Context driven

KPIs results are referred to goals and objectives so that
stakeholder could be able to check how the project is
progressing

11. Reinforced
incentives
12. Relevant

with Employees could be encouraged to perform effectively
by adding performance bonuses related to the results of
KPIs
KPIs should be improved and updated constantly otherwise the metrics will expire and be no longer usable
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Especially Kerzner stresses four characteristics from the table 1 beside two other features in his book. Project metric features he emphasizes are: predictive, measurable,
actionable, relevant, automated and few in number [41]. D. Parmenter highlights
seven characteristics for KPI’s. There are same features than in Eckerson’s list. According Parmenter KPI are nonfinancial metrics which are measured regularly. Even though
KPIs should not measure monetary attributes KPI results are often tightly bounded to
financial aspects. KPI’s should have owner who is responsible of updating and gathering
information. Using KPI’s have a great impact on making decisions that affects to critical
success factors. And last the metrics should encourage for appropriate action and decisions. [56]
Kerzner and Parmenter have lot in common on the features they emphasize. The Eckerson’s list used by Kerzner is slightly more detailed than Parmenter’s list. Parmenter
highlight the factor that the KPI should not be a financial metrics. To understand better
the difference between KPI and KRI metrics, the KRIs is briefly covered in the next section and compared to the characteristics of the KPIs.
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2.3.2 Differences between KRI and KPI
In simplified terms, the difference between KPI and KRI is: KPI tells how a project is
performing and KRI how a project has performed. KRIs tells if the project is achieving its
objectives but doesn’t give information which activities or actions impacted to the result
and how much. Neither the KRI provides help to deciding what should be done to achieve
better results. Even though the KRI doesn’t give information for project management as
much as KPI does, KRIs are important for people who are not involved to the project in
daily basis for example members of board. The following table summarizes the key indicators and their differences. [25,56]
Table 2.

KRI

Differences between key indicators, adapted from [57]

KPI

Can measure financial or nonfinancial Measures nonfinancial features. Should
features
not be expressed in monetary unit. Even
though tightly linked to the financial aspect
Measured and updated in certain inter- Continuously measured and updated,
vals, for example monthly or quarterly. used data should be relevant. Leading inLagging indicator
dicator.
Summaries the process or project pro- Supports decision making in daily operagression and financial results
tions
Does not offer help for daily management Provides information for all project particiand activities. Important information for pants about the project progression and
longer term decisions
required actions
Commonly on responsibility of project Responsibilities can be shared inside the
manager or senior management
project team and stakeholders
Designed to summarize and visualize re- Measured features impact to multiple critsults of single critical success factor
ical success factor results
Result of many processes and activities Measures features which encourages to
which have been done during the project take actions to improve the outcome
Results can be used to predict the long- Results predicts the outcome of KRIs
term achievements
There are clear differences between these metrics but still linked to each other. In order
to clarify the differences and their linkage, one example of both types of meters is presented. KRI could be a metric that measures actual costs of the project compared to the
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initial estimated costs. That metric clearly summarizes if the project was financially successful at the end of the project. There are numerous factors that affects to the result of
the KRI and the provided information can be used in the longer-term decision making. A
KPI metric related to this KRI could be, for example, a metric that measures the used
work hours on a project. Used hours are closely updated and monitored this allows to
react to, for example, if resources need to be increased. Results of this metrics affect
directly to the actual costs and the improvements in the used work time affects positively
to the costs. KRIs are often classified under KPIs, but it is important to be aware if the
metric is measuring the result of the project or the factors that affects to the result. [40]
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3. PROJECT VALUE STREAM MAPPING
This chapter begins with a short case company introduction. Starting point of the study
and different phases of research are covered after the company introduction. Research
is divided to the three phases: current state mapping, identifying wastes and future state
mapping.

3.1

Case company: ABB Marine & Ports

ABB is global technology leader that drives the digital transformation. ABB have over
130 years history of innovating technical solutions. ABB corporation is divided to four
global leading businesses which operates worldwide in over 100 countries employing
over 147 000 persons. [2]
ABB Marine & Ports is a business line that develop electrification and automation solutions for maritime industry. Most familiar product is an Azipod® propulsion system which
provides better controllability and fuel saving compared to the traditional propulsion systems. The Azipod® propulsion-system is used on the world's largest cruise ships, icegoing tankers and on smaller ships. [1]
ABB Marine and Ports operates in 20 different country and have over 1700 employees.
The largest Azipod systems are developed and manufactured in Finland in Helsinki and
Hamina. [1]

3.2

Starting point for the value stream mapping

Docking projects are the key function for case company’s service operations. Most dockings are carried out according to a predefined maintenance plan. Predefined dockings
include main scope of the docking and time period when docking must be done. Docking
intervals are determined by International Maritime Organization (IMO). Shipowner and
service company determine the scope of docking according the system in use, its age
and its maintenance plan. In addition to these, scope can be supplemented based on
customer wishes and site survey recommendations. Docking may also be required as a
matter of emergency. These emergency dockings are caused by system failure. This
thesis focuses on the prescheduled dockings because those docking projects follow predefined project model. All other docking types in case company’s portfolio are excluded
from this study. The most critical factor for docking project is work in dry docking site
must be done within the given time and according to work plan. Delays and changes in

40

work plan causes enormous financial losses and hampers other parties work in the shipyard. Therefore, the planning and other actions before the docking must be done as
accurate as possible to prevent problems during dry docking.
To clarify the content of the project, projects can be divided into four phases: sales phase,
planning and preparation, dry-docking site operations and post-docking activities. This
thesis focuses to the project managements office tasks which are planning and preparation phase and post-docking activities.
Scope was limited to these activities to enable research to focus on single department’s
processes. In addition to this, there was a desire to focus on the information flow, which
creates most of the content of docking projects. Dry-docking projects’ material flow is
controlled by the project management and stakeholders. Tasks related to creating and
controlling the material flow have been considered in this work, but the material flow itself
was not addressed. Material flow mapping would require own project to make results
useful and comprehensive.

3.2.1 Project content and implementation
Overall the pre-scheduled dry docking is nearly a year-long project for the case company.
Early stages of the project are managed by sales department and it includes the scope
defining, assessment of required resources, cost calculations and offer making for the
customer. After the customer accepts the offer, the project responsibility is handed over
to the project management. Hand over should take a place at least 24 weeks before the
dry dock.
During next couple of weeks, the project manager schedules the project and informs
internal stakeholders of what should be done and when. Stakeholders' tasks include engineering, logistic planning and the procurement of resources and parts for an example.
In addition to these, the preparation phase includes a lot of project supportive functions
such as financial controlling and documentation.
When the division of tasks and needs are clear for stakeholders, the project manager is
then responsible for ensuring that the internal stakeholders complete their tasks on time
and with the required quality. This ensures that the project meets its objectives. Once
the necessary preparations for dry docking have been done, the project manager assigns
the responsibility of dry docking to site manager. In some cases, the project manager
also handles the role of site manager.
During the dry dock the site manager is responsible for realization of the work in site
and its documentation. Even though the site manager has the responsibility of the site
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operations the project manager is a supporting person for site organization. Usually project manager supports the site organization for example, to solve issues and clarifying
unclear matters in daily basis. When the dry docking is finished, the project manager
ensures documentation is completed as required. After documentation is done and lessons learned meeting is held the project manager invoices remaining items and monitor
the project until all invoices have been completed and the warranty has expired. After
dry docking the responsibility of the customer service is handed over to the warranty and
the project management moves into the background to monitor the financial aspect of
the project.

3.2.2 Projects’ challenges
The biggest challenges for dry docking projects are caused by numerous changes in
project schedules and content. It is common that the customer changes the docking
schedule during the project or the secured docking days are available only shortly before
docking. Another big challenge is the changes in docking scope. Customer may want to
add maintenance procedures or modernizations in addition to the original scope. Docking schedules are often very tight, so even small additional work affects the schedule of
entire scope.
Uncertainties in the final schedule and the scope causes challenges for resource planning and purchasing. Personnel and tools are critical resources which availability should
be ensured as early as possible. However, an unconfirmed schedule and changing
scope do not allow to reserve the needed manning and tools when desired.
The factors mentioned above, and annually increasing number of dry dockings increase
haste in the docking projects. In order to be able to meet the growing demand and customer requirements efficiently and profitably in the future as well, the internal processes
should operate as efficiently as possible. Effective operation requires cooperation, a
clear processes and flexibility from projects.
Currently the project implementations are based on the gate model and swim line chart
which guide the progression. Gate model provides five different gates every which includes list of tasks that should be done before the gate should be completed. The gates
have own schedule which defines when the certain gate should be completed. The
schedule is defined to be tied to the dry-docking dates. For example, the project should
be handed over to project management 24 weeks before dry-docking.
Gate model is a rough framework for the project, and it does not define all the tasks of
project accurately. Most of the project scheduling depends on the schedule made by the
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project manager. Different project managers schedule and define projects slightly differently, which causes variation between projects. In addition to the challenges of defining
the project, problems are caused by delays in inputs and missing the gate model deadlines.
This thesis aims to improve the operation of projects by identifying problems and wastes
in the current operating model. Research focused on which processes causes waste and
how to get rid of waste. In addition to project development, there was a desire to improve
project monitoring so project managers could better respond to project problems and
challenges and control projects proactively.

3.3

Defining the current state map

Current state map was defined in five different phases which contains research of the
existing documentation and interviews. Between interview rounds, the sub-results were
analyzed and refined to be a basis for following interviews. Figure 13 provides the general outlook of the steps to map the current state.

Figure 13. Current state mapping phases
Current state mapping began by studying the currently used gate model. The gate model
was used to roughly determine the progresses of the project and the content of the different stages. Every gate has the list of tasks that should be done before the gate can
be completed. Based on the different gates, the frame for VSM was created to be used
in the interviews.
Even though this thesis focuses to the project managements office-processes the stakeholders and their tasks are important to understand in order to create reliable and realistic
current state map. The stakeholders have different roles in the projects and based on
the information provided by gate model stakeholders to be interviewed were selected.
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The selection was done based on the role of the stakeholder. Interviewed stakeholders
are responsible of the critical inputs for the project.
When the frame of the project and critical stakeholders were identified next step was to
interview project managers and selected stakeholder representatives. First the stakeholders were interviewed. During the interviews the stakeholders told about their own
processes and tasks in dry docking projects. Second subject was issues and problems
that the stakeholders faces during the projects. Finally, there was further discussion
about what stakeholders would desire in the future from docking projects. The interviews
were conducted as a free-form discussion on the above topics. Key points of the interviews were recorded in memo for later use.
The project managers interviews focused on creating the current state map. Mapping
began from a sales phase hand-over, followed by a step-by-step definition of the project
progression. Interviews aimed to create a current state map that would visualize progression of as many projects as possible, despite small differences between different project
managers. After the first project manager interviews the first version of the current state
map was ready. That version included the process flow of the project and some of the
inputs and outputs. After that the map was supplemented with more input and output
signals, information of stakeholder involvement and the use of databases. Rest of the
inputs and outputs and stakeholder’s involvement were defined based on memo from
interviews. Database usage was defined based on the documentation of the finished
docking projects and interviews.
After the completion of the first version of current state map, it was sent to stakeholders
and project management department for comment. Based on those comments the map
was modified further before the final interviews with project managers. Project scheduling and final mapping were done during project manager interviews and a project management departmental workshop. During these sessions, the project was defined task
by task and the time required to complete each task was defined. Result was a current
state map with a defined process flow of the dry-docking project and a timetable for the
project. The final version also included inputs and outputs from different phases.
The timetable includes the estimated duration of the processes and the waiting time
elapsed between the start of successive processes. Waiting times could not be determined precisely because in office work, process tasks can be done in parts and other
projects or tasks can be done during the process also. With the help of waiting times, the
schedule of the Gate model was refined to schedule the different project processes more
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precisely. After the current state map was completed the following step was to analyze
the current state of dry-docking project and identify wastes of it.

3.4

Identifying waste

Two methods were used to identify waste, interviews and analyzing the current state
map. During interviews stakeholders and project managers were asked about common
problems and issues they face during projects. In addition to highlighting problems, issues causing problems were discussed in order to clarify possible root causes and to
identify processes where those issues occurs. Beside those interviews two local service
managers were interviewed to get their views on the problems and challenges of drydocking projects. The problems raised in the interviews were sought to be linked to current state map. The aim was to find the processes in the project that causes problems.
Lean wastes were searched from the current state map by analyzing different processes.
Processes were examined on a case-by-case basis to determine whether process is
necessary and does process’ tasks cause waste. Wastes sought from the processes
were especially overprosessing and waiting. Those wastes were identified by analyzing
if the certain process causes delays or extra work which does not add value for customer.
Root causes of problems were analyzed by looking for cause-and-effect relationships for
problems. This separated problems from its causes. Identifying the root causes enabled
to influence the right factors in future state mapping. However, root causes were limited
to internal processes that could be influenced. From the original problem, a diagram was
created to build a cause-and-effect chain. The method used to eliminate the problem or
reduce its probability was also entered in the table.
Based on the cause-effect table in figure 23 the current state map could be developed
in the right direction by addressing the root causes of the problems. Based on the problems identified, a future state map was created.

3.5

Defining the future state map

Based on the current state map and identified problems, began the development of the
future state map. Analyzing the current state map necessary processes and tasks were
identified. Based on the gate model and project manager interviews the progress of the
project was determined step by step. The aim was to create a standardized framework
for the project, while maintaining flexibility and responsiveness to changes caused by
external factors.
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The Scrum model was used to modify the current state map and project progression
flow. The scrum model was implemented to value stream mapping by specifying a project
backlog, Scrum table and sprint backlogs. The project backlog listed all the tasks required to complete the project, including stakeholders’ tasks. Figure 14 presents the
structure of Scrum model and how its different parts relate to each other.

Figure 14. Structure of the Scrum model
Project backlog tasks were divided to the certain sprints. After that the sprints were
added to the scrum table, where every sprint and tasks of the project is presented. The
tasks were divided into sprints so that the outputs of the sprint are the inputs for the next
sprint. The order and content of the sprints were formed based on the current state map
and the interviews. Certain critical tasks determine the order and schedule for sprints.
For example, the modernization drawings and diagrams should be ready before required
parts can be ordered and logistics plan created. In this way, a logical and functional order
for tasks was established.
The content of each sprint was defined on a task-by-task. After that a table was created
for each sprint where tasks of the sprint can be defined in detail at the beginning of the
sprint. In the sprint table every task has an own task card. Task card includes the information required to complete the task. Information about the task description and content
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was pre-filled in some of the task cards. Pre-filling was done for tasks which content
remains the same in each dry-docking project. The content of the remaining tasks will be
defined more in detail on a project-by-project basis. In addition to the task description,
required inputs to complete the task were defined based on the current state map information flow and marked on task cards.
Additional information boxes were created on the task cards to track and prioritize tasks.
Information boxes were divided to the two different uses: recording the information required to execute the task and information for monitoring the progress of the task. At the
beginning of each project, boxes of the task-specific information should be filled. Monitoring boxes are filled by the task performer during the sprint.
Future state process flow was created based on the defined sprints and couple individual
tasks. First the sprints were set in order based on the sprint table definition. After the
sprints were set in order the remaining tasks were supplemented in the process flow.
Information flow was defined similar as in current state mapping. The database usage
was visualized to give an information where the required documents are stored and
where the created documents should be stored. Database usage was defined based on
the existing documentation and company’s guidelines for documentation. Information
flow between stakeholders and processes were modified compared to the current state
map. The inputs and outputs were visualized based on the current state map. In addition
to the information flow the sprint participants were added to the map by linking together
the sprint and stakeholders where the sprint team members come. Final future state map
includes the process flow, inputs and outputs of the stakeholders not participating the
process and the stakeholders involved to sprints.
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Defining KPIs
The future state map was supplemented by designing framework for KPIs that could be
used to measure important factors in project. Determining KPIs began with a literature
review. That was used to elucidate the necessary theory for planning KPIs and their
characteristics. Once the necessary theory had been clarified, the critical factors of the
projects were analyzed by using results of identified wastes and documentation of previous projects also the case company’s strategy was noticed. Critical factors were assessed as to which factors causes challenges to the project as well as additional costs.
After selecting the factors to be measured, it was briefly considered how the KPIs could
be measured and what benefits the measurement would provide. The objectives for the
KPIs framework was to define metrics that would facilitate the project manager's decision-making and enables proactive management. Several KPIs were selected in order
to further refine these metrics and select the most appropriate ones for deployment in
the future. Aim of this thesis for KPIs was to provide a base line to the development and
introduction of indicators.
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4. RESULTS OF VALUE STREAM MAPPING
In this chapter the results of the research are introduced. First the results of current state
mapping and identified wastes are covered and after that the future state map and suitable KPIs are introduced. Finally, the benefits of implementing the future state map are
discussed.

4.1

Current state map

First version of the current state map presented in figure 15 was created based on the
gate model. The first version contains only the process flow without any inputs, outputs
or more detailed content from the processes.

Figure 15. Process flow based on gate model
The process model in Figure 15 was supplemented by describing stakeholders. Stakeholders were divided to four different categories: critical stakeholders, supportive stakeholders, other internal stakeholders and external stakeholders.

Figure 16. Visualized stakeholders
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The figure 16 visualizes categories of the stakeholders: green boxes are the critical
stakeholders. Those parties are responsible of the critical inputs of the project. Engineering creates the drawings and diagrams for modernizations, spares and tools take care
necessary parts and toolkits are available for dry docking and service operations acquires the necessary human resources for docking. Logistics department handles logistics of materials and tools to the shipyard and back. The site manager is person who is
responsible for the technical implementation of the project: docking scheduling and work
planning, as well as site operation management.
Light green marked stakeholder are supportive functions. Those stakeholders support
the project management and other stakeholders. Product support provides technical
support and condition monitoring information. Quality department helps to solve quality
issues and technical documentation has an important role in preparing the necessary
documents and instructions for dry-docking.
Other internal stakeholders do not have a certain category of their roles. Business control
and operation excellence monitor the project progression and guide the project in right
direction to achieve desired result. Those two stakeholders have not a straight impact to
the project progression if there are not major problems in project implementation. Sales
department is the key department in the beginning of the project but in the scope of this
thesis, its role is mainly to assist project management when necessary. Warranty have
a quite similar role, but its responsibility begins after dry docking. When the dry docking
is done the warranty is responsible of solving and managing potential problems occurring
in the vessel.
Usage of different databases is important part to visualize the information flow. Databases were divided to two categories presented in figure 17. Light blue marked databases are mostly used by project management. Those databases are used to controlling,
planning and storing project documents and information. Other databases are the company’s information management databases. Those databases are managed by stakeholders and includes the product information, instructions and vessel documents.

Figure 17. Used databases
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To the final current state map the process flow was defined to represent the actual progression of project. The first version included 19 processes and the final version 21. In
final current state map the process order slightly varies from the original gate modelbased map which shows that the implementation of the projects does not fully follow the
Gate model. The goal was to visualize the actual process flow which was managed to
define through interviews. Because there are project-specific differences in the execution
of tasks, the current state map was not modeled on a task at a time, but the goal was to
visualize the project so that it describes execution of as many projects as possible.
Therefore, the tasks that are linked together were marked as a one process. The actual
process flow is illustrated in figure 18.
Actual implementation of project after hand-over begins with the sales phase review.
When the sales documents and calculations are checked, the project manager opens
the project and creates required folders to databases. Next, the necessary matters are
agreed with the stakeholders and all possible items are invoiced. After these steps, the
project manager makes an implementation plan for the project and evaluates the risks
and opportunities.
During following processes, the project manager mainly controls the project progression
and meets with external stakeholder. When all the necessary plans and tasks for the
execution of the dry-docking are ready, project manager collect required documents and
hold the site manager hand over meeting. After that, the project manager creates a travel
plan before start of dry docking.
After dry docking, the project manager ensures that all necessary documentation is done
and invoices remaining items. When the documentation is ready the responsibility of the
vessel will be handed to the warranty. Once the warranty begins, the project manager
is still responsible for keeping lesson learned meeting and ensuring the financial outcome
of the project until the warranty period expires.
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Figure 18. Final current state map process flow
To the final current state map, the tasks of each process were added to the process box.
Critical inputs of the processes were supplemented to the information boxes below the
process boxes in figure 18. This provided more information for each process and its
content. For reasons of confidentiality, process information is not presented in more detail in this thesis.
Execution times and waiting times for different processes were recorded below the process flow. Times were marked on the timeline so at the execution times are above the
timeline and the waiting times below as the figure 19 presents. Marked times are average
time estimations for processes. The time it takes to complete a task varies from project
to project, depending on the content of the project and the performer of the tasks. For
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this reason, process times were estimated with hourly accuracy to best describe docking
projects in general.
Waiting times were more difficult to estimate. Waiting times vary considerably depending
project. There are multiple factors affecting waiting time: time to execute the processes
before dry-docking, number of overlapping projects and the amount of resources available. Waiting times were estimated based on the gate model schedule for project execution. Because tasks in the process may not be completed at once but may be completed
in the meantime by other tasks, waiting times are time it takes from starting a process to
the beginning of the following process.
The current state map comparison to the gate model was facilitated by adding a deadline
of the gate model to the timeline. When the timeline shows the currently used deadlines
and their scheduling, the current state map is easier to interpret and understand. Example of the created timeline is presented in figure 19.

Figure 19. Example of the timeline with gate model deadlines
Waiting times are quite enormous compared to the time required to execute the current
state processes however, there is a logical and clear reason for this. Waiting times are
not entirely a waste of waiting but include a lot of project follow-up meetings and communication with various stakeholders, the customer and shipyard. Those actions are not
marked to the current state map, because the amount and time required for communication varies a lot between projects as well as different communication methods. Also,
follow-up meetings are irregular, and their location and number vary from project to project. During waiting time, the project manager may also do other projects, as often the
project manager has several projects running simultaneously.
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Information flow was separated to the flow linked to the databases and direct flow between stakeholders and processes.

Figure 20. Example of database information flow
Outputs from process to database is marked with dashed black line, inputs from database with black line and if there are input and output from database in certain process
the information flow is presented with red line. Database information flow consist of
searching from database or adding information to database. Database information flow
is visualized in figure 20 and stakeholder’s information flow in figure 21.
Information flow between stakeholders and processes were visualized also with different
color lines. Stakeholders information flow includes verbal or electronic information which
are not a specific document. Also documents that are directly related to a specific process as input was marked as a stakeholder information flow.

Figure 21. Example on stakeholders’ information and communication flow
Green lines are the processes inputs from the stakeholders, yellow outputs from the
process and the blue line both input and output from process to stakeholder. Thin black
dashed lines should not be with database information flow. Those lines shown in figure
21 visualize the communication relationships between stakeholders and project management.
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Communication were visualized to present the relationship between stakeholders that
are not straightly linked to processes. For example, spares, tools and logistics departments are tightly bounded to each other’s processes and in order to provide inputs for
current state map processes they have to cooperate. The aim was not to define precisely
activities between stakeholders but to give an overview of which stakeholders are clearly
connected.
The finished current state map contains all the above-mentioned components and creates an entity that defines the order of processes and the tasks of each process. Current
state map without confidential classified details is presented in appendix A. Processspecific information flow and inputs and outputs have been visualized to every process,
inputs and outputs are visualized as lines which links the processes and the stakeholder
or database together and timeline schedules the project progression.

4.2

Identified wastes and root causes

Almost every interviewee brought up some communication problems during the discussion of the projects’ challenges and problems. Problems were detected both between
stakeholders and between stakeholders and project management. There were not a
clear process or situation where this issue occurs, but communication problems occur
occasionally and depending on the situation. Especially communication problems were
highlighted if there were any changes to the project. Unplanned events or additions to
the docking scope were the most common communication issues. Poor communication
during those situations have caused confusion and extra costs. The communication
problems that appeared to be due to either the quality, quantity or timing of the communication.
A concrete example of each communication problem: first example of a quality. A list of
required tools was sent to the person responsible for the tools in the form of an email.
More emails were sent later about tools missing from the first email. As a result, tool
packers had to spend a lot of time compiling a list of all the necessary tools based on
emails. In addition to extra work the risk for sending the incomplete toolbox increased
significantly due to poorly managed communication.
Second example is the quantity or lack of communication. The communication between
logistics and project management was performed for normal operations, but the changes
and its effects were not communicated. That caused challenges at the beginning of docking when the locations of the goods were not clear to the site organization, resulting extra
work and increased haste on site.
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Last case is the wrong timing for the communication, most of the cases were about communicating too late. One example is the project management and other stakeholder’s
communication with logistics. Too late communication of the delivery schedule and transported materials reduced time for transportation so that sea freight had to be changed to
air freight. Tight dry-docking schedule does not provide any buffer for the arrival of the
goods, so the delivery delays are not an option. Therefore, the air freight is the only
option if there are delays in logistics’ process even though the air freight is many times
more expensive than shipping by sea.
However, poor communication does not cause all the problems and it is not the root
cause of the project’s problems. The cause-and-effect relationship chart was used to
determine the root causes of the detected problems.
Problems in the top line of the figure 22 are problems mentioned in the interviews that
have been faced during dry-docking projects. Top row issues consist of individual cases
which main cause is the named issue in chart. Individual cases were not listed but were
categorized to clarify the chart.

Figure 22. Cause-effect chart
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Problems in the top row are caused by the sum of several different factors. During the
root cause analysis all three types of waste mentioned by Lean were observed in the
process.
Changes in project schedule and content (Mura) causes rush and overload. Which will
cause more problems. Overload and urgency are known as a Muri in Lean terminology.
Those two wastes were noticed to highly linked to each other. Muri and Mura wastes are
mostly caused by processes that are not covered in this thesis. Therefore, the factors
that causes changes are marked red excluding the resourcing issues which is marked
yellow in figure 22 because it can be partly addressed in this thesis.
Last of the Leans three forms of wastes is Muda. It contains seven or eight different
forms of waste depending the source. From these wastes three forms were identified
during waste identification. Those three are quality problems, waiting and redoing. Waiting and quality problems are tightly bonded to the communication problems. These
wastes are consequences of poor or missing communication. Waiting can be present
throughout the project but it is especially problem in processes before the actual dry
docking, when project management must wait the critical inputs from stakeholders. Quality problems are usually detected during the docking or after it related to performing the
site tasks. These Muda wastes are mostly consequences of Muri and Mura.
One problem causing factor is poor cooperation which causes most of the communication problems and lack of responsibility of own work. There is often a problem with the
mindset: when work is off from own desk, there is no need to intervene it anymore. When
the tasks are done separately inside the own silos the people do not see the operations
as a teamwork and does not consider their actions and work quality effects to other tasks.
The mindset of people should be changed in the way that every project participant sees
own tasks as a part of the bigger whole where every task has effects and significance.
Poor cooperation is caused by a lack of the project organization and dialogue between
departments. Root causes for these factors are outside of this thesis’ scope. However,
cooperation can be improved by the proposed operating model presented in future state
map. As the figure 22 shows root causes that can be influenced are barricades between
departments and the incomplete operating model.
Summarized the cause -effect chart, the red boxes in figure 22 are the factors that cannot
be influenced in this thesis. Yellow boxes can be influenced slightly, and the green boxes
can be influenced significantly with the methods in the blue boxes. The black attention
signal in the right corner of the box indicates need for further study and improvement
which are introduced in chapter 6.
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4.3

Future state map

Based on the identified root causes the current state map was developed using Scrummethod and standardization. To improve transparency, cooperation and standardization,
parts of the processes were modified to comply with the Scrum principle. The Scrum was
applied to the project phases were stakeholders are heavily involved and the inputs from
them are vital to the project. The future state map aims to encourage the teamwork and
communication between different departments. By standardizing projects, aim is to reduce variability and its effects as much as possible. Because the nature of the service
business and factors that cannot be influenced in this thesis, all variation cannot be removed from the project. Effects of remaining variation that could not be eliminated from
the project, were sought to be minimized by maintaining the flexibility and reactivity of
the processes.
Project tasks were defined to the project backlog which includes 57 tasks. Project backlog creates standardized base element for the project. In the project backlog the project
managements’ tasks are uncomposed to the smaller tasks that can be easily moved to
the sprints. Stakeholders tasks should be decomposed to smaller tasks in cooperation
with the stakeholders to get a realistic descriptions and definition for every task. However, stakeholder roles are outside the scope, so they have not been defined at detailed
level in this thesis. Stakeholders tasks are considered generally in scrum-model and project backlog. Project backlog is a standardized base structure for the project on which
the sprints and future state map are based. The project backlog contains confidential
information, so it will not be published in this thesis.
Tasks from project backlog were divided to five groups. The Scrum table was formed
based on the divided tasks. Scrum table includes 4 sprints, project opening and closing
tasks. In Scrum table in appendix B, the different sprints of the project are presented in
execution order from top to bottom. Detailed information in the Scrum table in the appendix B were reduced due to confidential content.
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Figure 23. Example of Scrum table
Scrum table includes the name of the sprint and the tasks of the sprint. The first task
after the project have been handed over to the project management, the project manager
and project team defines the schedule for the sprints and further define and supplement
the scrum table to meet the project requirements. Sprint schedule will be added to the
Scrum table Schedule-column and if there have been made changes in tasks those
changes will be made in To Do-column in figure 23. The progress of the project is monitored on a general level using the Scrum table. The task boxes will be moved on the
column corresponding to the current status of the task. When the task is started the task
box should be moved to the In Progress-column and after completing the task to the
Completed-column in presented in figure 23. This allows for a quick and up-to-date
monitoring of the project for everybody involved the project.
Every sprint has own predefined sprint table. Project managements tasks were pre-defined in detail, but the stakeholder’s task was considered at a more general level, as this
thesis did not focus at stakeholder processes. Sprint tables includes characteristics for
task definition and monitoring. Every task has a definition box where all the details, subtasks and information required to complete task are explained. Beside the general information of the task, inputs and outputs for every task were defined. At the beginning of
every sprint the predefined information will be reviewed by the sprint team and updated
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to suitable for that project. The team determines also task responsible, estimates the
time required to complete the task, and prioritizes the task at the beginning of the sprint.
The information of the tasks is presented as task-specific cards one example of which is
presented in figure 24.

Figure 24. Example of sprint tables task card
For controlling and monitoring the task cards provide two different methods: review of
the input’s status at the beginning of the sprint works as poka-yoke. If there are some
required input missing it will be noticed before the task is started. Early noticing decreases the effects of the missing input and enables the reactive actions for solve the
issue. Second method is the Status box in task card in figure 24. When the status of a
task is regularly updated by the author of the task, the progression monitoring will be
easier for project management.
Due to the very detailed information and content of the project, the sprint tables and task
cards are not presented in this thesis for confidentiality reasons. However, an example
of a Sprint table can be found in appendix C, which can be used to illustrate the operation
and structure of the Scrum model. The structure of that sprint table is the same as the
Sprint tables created during this thesis, but its content has been changed. In total six
sprint tables were created; the tables include every task from the project backlog with
pre-defined information.
Future state map process flow was created based on the Scrum table. Sprint are the
single processes in the process flow as the figure 25 shows. The process flow was supplemented with a couple individual processes.

Figure 25. Future state map process flow
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Future state process flow begins from the Hand-over from sales as in the current state
map. The next process is a project scheduling during which the project manager and
stakeholder review and update the Scrum table content and create schedule for the
sprints and other processes. During the following three processes the project planning
and procurement of necessary materials and resources is carried out. External kick-off
includes the same actions than in the current state map in figure 18. After external kickoff during the sprint 3 the remaining tasks and preparations will be done. Documentation
of the dry docking will be gathered and finalized during the sprint 4. The sprint 4 has an
important role in problem solving and development of issues faced during dry docking.
Final step is a project closure when the project will be handed over to warranty and whole
project will be reviewed once again and financially summarized before the closure.
With the sprint-model the future state map will be simpler and easier to understand. The
future state map can be used to get an overall picture of the project progression and
together the scrum and sprint tables the project progression can be interpreted in detail.
Information flow to databases was visualized in the same way as in current state map in
figures 20. Information flow between process and stakeholders were modified slightly as
the figure 26 shows. The stakeholders whom are involved to the certain sprint were
linked to the process with purple line. Otherwise the information flow between processes
and stakeholders were visualized as in current state map in figure 21.

Figure 26. Future state information flow
Future state map timeline includes a rough estimation of the duration of different sprints
and processes. The more accurate timeline requires more study about the stakeholder’s
tasks and processes. By scheduling their tasks, the future status map scheduling can be
refined. In order to perform the processes according the future state map timeline the
sprint team should be able to perform sprint tasks without interruptions and overlapping
tasks. Waiting times depends of the external inputs and scheduling of the project. If the
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project manager and stakeholders have multiple projects ongoing simultaneously between the sprint there might be a need to execute other tasks and projects. Completed
future state map with the process flow and information flow is presented in appendix D.

4.3.1 Key Performance Indicators for the future state map
Alongside existing project metrics, framework for Key Performance Indicators were designed to help project managers more accurately and proactively manage the projects in
the future. The KPIs are divided to the two categories, metrics that provides data for
decisions making on an ongoing project and KPIs which provides valuable information
for projects in larger scale.
For monitoring single project, the Scrum methodology creates foundations for monitoring
work progression, used hours and achieving milestones. Data of work progression and
staying in schedule is easy to collect from Scrum tables. Every participant frequently
updates their work progression to the sprint table which are stored in the project-specific
folders in same database with other project information. That progression data can be
used to several different KPIs:
-

Task monitoring KPIs: Monitor the progress of each task as a percentage of
total progression or the number of used hours compared to the estimated hours
needed to complete the task.

-

Time based KPIs: On-time completion percent of tasks or percentage of tasks
completed within the estimated hours.

-

Changes in schedule or Scrum table: Measuring amount of the changes done
in schedule or tasks during the project.

Monitoring the progression as a task-by-task basis enables intervening to the lagging
tasks. In docking projects, the different departments are often depended of the work of
the others, so the one lagging task can delay numerous other tasks. Therefore, rapid
response is important especially in critical tasks. Monitoring the actual data of used working hours and comparing that to the estimated hours gives detailed information if the
working hours are in the budget or over it. One key factor of the Scrum and Lean is
continuous improvement, if the actual hours are measured of the tasks individually, it is
easier to identify problem areas more effectively and find out the causes of the problems.
Actions to prevent the same problems occurring in the coming projects creates value in
future. Used hours also give an indication of how much resources are still available. If
some task requires significantly more hours than estimated, it will affect to the other tasks
of this resource. In this case, it may be necessary to prioritize and reallocate tasks in
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order to minimize the costs and delays in the project and other tasks. In a long run the
actual working hours gives valuable data to the other departments. Offer calculation and
project budget calculation would be more accurate and calculations could be based
purely on actual data. For the financial outcome it is crucial that the as-sold calculations
are as close as possible to the actual outcome of the project.
In the Scrum the changes in schedule or task board are sought to be made in a controlled
manner. However, even surprising changes can occur which causes extra costs and
work. Monitoring the amount of the changes gives valuable information for risk assessments and preparing the actions for problems caused by changes. Project management
can prepare the project for possible problems and delays whereby the effects can be
minimized. In a longer term if changes are repeatedly observed at some point in the
project the process should be improved or at least the project management can prepare
the project for those changes.
Beside the Scrum table based KPI there are couple more metrics suitable for the docking
projects. Mostly these KPI are more useful in a longer term of operation than in short
term:
-

Resource Capacity KPIs: Utilization rate of the resources. Estimation of the required resources compared to the total capacity.

-

Resource Conflicts: Projects compete for the same resources and the resources are assigned to multiple projects simultaneously.

Human resources are often the critical factor for the project. Currently there are department-specific utilization metrics in use, but these kind of the metric does not take stand
to the utilization of the key resources such as a lead engineers and logistics specialists.
Resource capacity measures would give a clearer view of the resources. Better
knowledge of the utilization of different resources facilitates more accurate project planning and at the beginning of the project. In longer term, resource allocating would be
more effective and if necessary, the certain resources could be increased more precisely.
Resource conflict metrics instead gives clear vision of over- and under-utilized resources.
If there are simultaneously over- and underutilization the workload could be equalized,
or the resources increased in over-utilized sectors. Simultaneously using same resources within several projects may not be the most effective way to operate. Multitasking also increases the risks for mistakes and poor quality. In addition to human resources
there are also tool and machine resources which the projects are competing. Those resources should be monitored also. If some tools have high utilization rate and those have
to be flight from docking to another or an even worse option is that the tool has to be
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replaced with another alternative tool because its utilization rate has been exceeded. By
monitoring those critical tools could be easily identified which resources are most utilized
and which capacities needs to be increased.
Longer-term KPIs could be used to justify new investment. When the decisions are based
to the data, then the profitability calculations for investment can be done accurately, and
the investments could be done before the high utilization of the certain tool becomes a
problem and bottle neck of the site operations. Some special tools have long delivery
times so the orders should be done well in advance of the docking.
One part of the project KPI is quality metrics. In the project work the quality data usually
is gathered from quality reports. Quality team is already gathering the data of the quality
issues but those reported issues are tightly tied to the problems with site operations and
product itself. Issues about the product are not so vital from project management view,
because during the docking project the actual product is not engineered excluding the
modernizations and upgrades. Every issue about how to do certain task on site or where
to find tool or part are issues that most likely are caused by poor planning or coordination.
For the project quality all issues should be reported to get realistic data to measure, even
though the issues should be divided so that they can be targeted at the right parties who
can solve those issues. Proposed quality KPIs are:
-

Total Issues during project: Amount of the reported issues during the project.

-

Number of errors: How many tasks requires redoing or correction

The issues should be broken down according to their impact and nature. There could be
three categories for severity and several for the nature of the issues. In this way, the
problem areas of the project can be identified and affected as effectively as possible.
Number of errors KPI could be used to prevent the waste of redoing and extra work. With
both metrics the possible areas where issues occur systematically can be easily detected. However, the quality issue reporting should be quick and easy to do in order to
get data for metrics.
These KPIs are selected to measure and clarify the challenges of the current situation.
There found numerous different variations of these KPI, but more detailed defining was
not in the scope of this thesis. The objective was to create frameworks which could be
refined into future KPIs alongside existing ones. New KPIs could also be used to understand better the results of the currently used metrics. Data gathered during the project
could offer valuable information of why the estimated costs were exceeded in the project.
Finding out cause-and-effect relationships can help develop action and eliminate weaknesses in the process.
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4.3.2 Estimated benefits of adapting the future state map
The benefits of future state map implementation are based on the theory and estimations. The future state map was not introduced during this thesis therefore there are not
confirmed achieved benefits of the created future state map. In the literature the benefits
of scrum are flexibility, transparency and improved cooperation. As the figure 27 presents
defining tasks with stakeholders and regular sprint meetings improves the cooperation
and removes barricades between stakeholders. Forming a sprint teams and together
performing and monitoring the sprint progression, strengthens the team spirit. Improved
cooperation reduces redoing and uncertainty as well as improve the communication as
the figure 27 shows.

Figure 27. Possible achievable benefits
Project transparency will be improved due the clear tasks definitions and monitoring of
the sprints. Task cards will provide the information of the tasks for all project participants
and during the sprint meetings the progression of every task will be discussed within the
sprint team. KPIs will improve the transparency also, by providing data of the project.
Better transparency improves communication and reduces unnecessary activities.
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Flexibility is the one of the Scrum-model benefits. Even though the project backlog and
the sprints are predefined changes can be adjusted effectively. When a change or need
for change is detected the project manager will add the tasks caused by the change to
the project backlog where the tasks will be addressed to the suitable sprint. This will
make it possible to react quickly to change and reduce negative effects of changes.
Predefined sprints and Scrum model structures makes the process more standardized.
Clearly defined project content, including stakeholder tasks divided to the sprints creates
more specific and standardized process model than a currently used gate model. When
the stakeholder’s tasks are defined and considered in more detailed in the project content, the scheduling will be more accurate and similar in every project. Standardization
reduces haste and the quality problems.
In order to create sustainable Scrum-model and being able to operate efficiently and
profitably in the future the continuous improvement is vital aspect of the operation. Future
state map boosts the continuous improvement with the sprint reviews and retrospective
meetings. When the issues are noticed early, they can be addressed and solved faster.
Teamwork and transparent operation support improvement when the all team members
notice other issues and their impact on their own tasks as well. The Scrum model
strengthens cooperation in common processes and in problem solving.
KPIs will improve the monitoring and decision making of the project. The benefits of using
those metrics are covered more detailed in previous chapter. In general, more accurate
monitoring of the project progression increase the reactivity of the project and reduce the
effects of the issues.
Future state map does not solve all the difficulties that the docking project faces. Neither
it provides a model that can be introduced to operation without further research. The
areas that should be further studied before the future state map can be introduced and
achieve it full benefits are introduced in next chapter.
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5. DISCUSSION
This chapter includes suggestions for further research and development. In addition to
this, briefly discussion of the human and material logistics was covered at the request of
the case company. Further research suggestions are partly related to the new project
management system that will be introduced in the near future. The new system offers
certain tools and opportunities for more efficient project planning and execution. However, certain areas require further research to improve the efficiency and reliability of
Scrum-model and future state map usage. In transportation section discussion is based
on the costs that the human transportation causes and the challenges in tool and part
logistic in the current operating model.

5.1

Further research suggestions

The case company is introducing a new software for project management in near future.
The software should provide tools to streamline project planning and scheduling. Both
formed Scrum model and the software are based on the project backlog where every
task of the project are identified and timed. Most of the project managements tasks are
already defined accurately, the next goal would be a precise definition and timing of
stakeholder tasks. Definition must be done in cooperation with the stakeholders. Defining
and scheduling of tasks should be done according to docking scopes, so that the project
management has a comprehensive list of tasks that they could select right tasks for
scheduling on a project-by-project basis. Defining tasks by docking scopes is important
because particularly tasks of stakeholders can vary considerably between different
scopes.
Timing stakeholder tasks also affects resource planning. Human resources are often
highly utilized, and projects compete on same resources. When projects can be scheduled more accurately and other projects are available to check which resources are occupied and when, overloading of the certain resources can be prevented. Software that
creates a work queue and schedule for different human resources could be useful for
workload balancing and more efficient resourcing. Software could be a customized version for office environment of production planning software familiar from industry.
During dry docking project a huge number of different documents are produced. Creating
all the documents requires a lot of work hours. To reduce number of working hours required for documentation: unnecessary nonvalue-adding documents should be removed
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from the project and remaining documents should be standardized and prepared so that
the required work hours for documentation during project is minimalized. Project documentation should be clarified task-by-task and identify every document. After that the
unnecessary documents should be removed and the prepare the remaining documentation so that the documents have standardized templates. Clear instructions should be
created from the project documentation, including templates for each required document,
a definition of the content of the documents, and instructions for storing the documents.
This would avoid unnecessary work in documentation and searching for documents.
Third area for further research is a customer interface management so that the orders
and secured docking dates could be received early enough. Currently the secured dates
for dry docking and final scope can be received weeks after the hand-over from sales or
the scope of docking varies and will be completed as the project progresses. Each time
the docking scope or schedule changes, the site schedule, logistics plan, and work plan
must be updated. This causes a lot of hurry and additional work for the project, which
also increases the project costs. The effect of the change in the docking scope and the
additional costs caused by additional sales should be able to be compensated in the
prices of the sales that caused the change. The subject of further research could be a
study that would create time-based pricing for spare parts and sales that cause changes.
For example if the customer orders new oil pumps 20 weeks before the docking the price
would be 1000 euros per pump, if the order is received 8 weeks before the docking the
price would be 2000 euros per pump because the dry-docking schedule and work plan
must be updated and pumps have to be sent to the shipyard by air freight instead of the
cheaper sea freight. Time-based pricing enables economically profitable business by
compensating costs not considered in the original as-sold cost calculations. Time-based
pricing will encourage the customer to order parts at the desired time.

68

Figure 28. Simplified model of future projects
With further development, the ideal future project would progress as figure 28 presents.
The dry-docking dates and the full scope will be secured when desired. The project management creates accurate and reliable schedule and plan for project execution based on
the predefined information. Resource planning enables required resources when
needed. Prior docking activities will be done as sprints by cross-functional team. Clarified
documentation instructions and prepared templates eliminates waste and frees up time
for value-adding work. Project is monitored with KPIs that provides information for project
management and beside the sprint reviews encourages the continuous improvement.
After dry-docking the documentation of site operations is reviewed and stored as instructed.

5.2

Workforce and tool transportation in dry docking projects

Discussion about the transportation is divided to two different segments. First segment
deals with transportation of people and the second transportation of materials, especially
tools. People transportation segment includes also discussion about the bookings of the
flights and accommodation those causes extra costs which could be easily avoided with
better process and scheduling.
Booking flights and accommodations for site workers is one of the project managers
tasks. For reservations, the project manager needs a name list of the site organization.
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The timing of bookings greatly affects the price of flight tickets and hotel rooms. Especially the flight ticket prices skyrocket shortly before the departure day as the figure 29
shows.
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Figure 29. Example of flight ticket price trend, adapted from [8]
Bookings only days before the dry docking is not a problem for every project, but still a
common problem. Even significant savings can be made annually by at the right time
booked flights. If there are 30 dockings per year and each site organization includes 25
people for whom flights must be booked, it makes 750 booked roundtrip flights a year.
Flight tickets are at their cheapest 6 to 12 weeks before the departure [8,18]. For the
calculation, at their cheapest the average price of an international roundtrip flight is
agreed to be 800 euros. It makes 600 000 euros for flight tickets annually. A realistic time
during the flights should be possible to be booked is between 10 or 16 days before the
departure. As the figure 28 shows the price have increased approximately 15% that
makes the total costs of air tickets is 690 000 euros per year. The worst scenario is that
every booking is made just a couple days before departure. Then the ticket prices are
80% more expensive, that makes 1 080 000 euros in total. That is 390 000 euros more
than if the tickets had been booked week earlier. In reality, all tickets are not booked at
the last minute but there are potential for over hundred thousand savings yearly if the
project managers would be available to book the flights well in advance of dry docking.
With the sprint model and clear deadlines, the name list of site organization should be
available so that flight tickets could be bought before prices skyrocket. Hotel prices have
a different trend than a flight ticket. The price of a hotel room is at its lowest a few months
in advance, but prices do not rise rapidly when the departure day gets closer. If the bookings are done within 4 weeks before dry dock, there are not significant fluctuation in the
prices.
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Another topic is material transportation. Topic includes scheduling and routing of shipments. As a rule, when operating abroad there are two different options for shipments,
ship or sea freight. Those two have couple noticeable differences. Sea freight is much
cheaper but also a slower option. Beside that the sensitive parts cannot be shipped by
sea because of prolonged exposure to sea conditions and clatter could damage the
parts. Air freight is the only option for the sensitive parts but with other parts the air freight
should be avoided because it is over three times more expensive than sea freight. The
determining factor for transportation is the delivery date. If the logistics gets all required
information as delivery dates and material lists early enough, they can arrange the shipments by most economical way. If the inputs are delayed, usually the only option is air
freight in order to stay on schedule. The extra air freight significantly increases the cost
of the project.
With the Scrum model delays and poor communication will be improved. Closely monitored progression of project enables quick reacting if problems are identified during critical work steps. Proactive management will significantly decrease the delays caused by
internal inputs. Clearly and unhurriedly designed logistics also reduces site workload for
logistics clearance. With a systematic and on time deliveries the site organization can
focus on value adding actions instead of sorting out the ambiguities caused by project
implementation.
The routing of the materials and tools would require a much broader study than can be
addressed in this work. Currently all materials and tools always pass through the main
warehouse to the dockings. This allows tools to be serviced between dockings and
sorted into the job-specific assemblies. Spare parts also be delivered to the main warehouse first by the suppliers. In the warehouse parts will be sorted and, in some cases,
pre-assembled before they will be shipped to the dry docking. Sorting allows parts and
tools to be easily moved to the right locations when docking begins.
There are four to six shipyards where most of the larger scope dockings are done. Docking interval in these shipyards can be quite dense. For example, there could be over five
dockings in Singapore. Every time tools are sent there and back. If the docking schedule
is tight the tools must be shipped by air freight so that they can be delivered on time to
the next dry dock. Tool transportation is a large annual expense item in docking projects.
According to Lean transportation is one form of the waste and it should be removed. In
docking projects, it means there should be tools located to every shipyard. This would
not be profitable, as the number of tools would have to be significantly increased and in
some shipyards the tools would be really underutilized. However, the acquisition and
placement of new tools could be considered for the most used shipyards. There are
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standardized tools kits that are required for most of the dry dockings. Those tool kits
could be stored in the shipyard between dockings. To store tools nearby the shipyard, a
suitable warehouse should be found and at the end of each docking the tools should be
serviced and packed before storing. Profitability of local warehousing could be calculated
through the savings from logistics costs. Once logistics costs saved are known, the payback time for tool investments could be calculated. In addition to buying tools, there
would be fixed costs due to storage. Local tool sets will decrease logistic departments
workload significantly.
A lighter option for streamlining tool logistics would be a comprehensive logistics plan
that considers future dockings. In this case, tools could be temporarily stored at the shipyard waiting for the dry docking to start soon or sent to another shipyard shortest possible
route. This would avoid extra cost of shipping tools through main warehouse to next
docking.
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6. CONCLUSIONS
The research objectives of this study were to improve the dry-docking projects operation
by defining the problems and wastes of the current operations and creating future operating model that solves those problems. To support the future operating model, framework for key performance indicators were designed to monitor and manage the projects
more effectively. Benefits of implementing the future state map were evaluated based on
the theory.
Current state was defined by using value stream mapping. Current state map was created based on the interviews and studying existing documentation. Based on the current
state mapping the wastes and problems of the current operating model was identified.
The root causes were identified by creating a cause-effect chart. After identifying the root
causes, the problems were solved using the Scrum-model and standardizing the project.
To support future state map, a framework for KPIs that would facilitate project monitoring
and proactive management was designed. KPIs were developed to measure critical factors of the projects.
Results of the research show dry-docking projects could be executed more effectively
by increasing the standardization of processes and improving the cooperation. Interviews and current state map analysis indicates projects wastes occur in waiting, redoing
and clarifying uncertain matters. Rushing and high workload are common for project
managers and other project participants. Despite challenges projects will be completed
on time and site operations are successfully executed. However, challenges and problems affect negatively to the financial outcome of the project. Tasks that do not have a
direct impact to the site operations are often left unfinished or are done with poor quality
because of the hurry. For example, the docking documentation will not be finalized until
a long time has elapsed since the end of dry docking. Tight schedules and overlapping
projects hamper the problem solving. Lack of improvement causes the same problems
occurring in the following projects also.
The root causes of identified problems that can be addressed by implementing the created future state map solution were incomplete operating model and barricades between
departments. By developing these two areas project problems and waste can be reduced
significantly. The solution for these root causes was the Scrum model, which is used to
develop cooperation between departments and to define the content of the project in
more detail. More precisely defined tasks and schedule for the project improves the
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standardization and reduces variety and fluctuation between projects. Sprints increase
cooperation and communication between stakeholders and encourage for continuous
improvement. With the Scrum model, tasks of stakeholders are also considered in more
detail in the project scheduling, in which case the overall management of the project is
more efficient and reliable.
To monitor the project and enable proactive management of the progression should be
measured in task-by-task basis. Suitable KPIs for that reason are metrics which measure
used working hours and on-time completion of tasks. This allows project task to be monitored on a case-by-case and to react to the lagging tasks quickly. In addition to these
indicators, it would be advisable to measure the use of resources and the quality of the
project more accurately.
In terms of the results of the research, it turned out to be challenging as each project is
unique and includes different tasks and processes. Each project manager has their own
ways of executing and controlling projects. Thus, creating a comprehensive and accurate
analysis of the current situation was challenging and small nuances might go unnoticed
during the research. However, the current state map provides a sufficiently accurate visual model of the current situation suitable for most of the dry-docking projects.
The identified wastes give a realistic picture of the problems of the current projects as
they are based on experiential knowledge. The root causes of the problems may become
more specific or change if stakeholder processes are also studied in more detail. However, most of the problems are caused by poor interdepartmental cooperation and the
lack of a clear project structure. By developing these areas, the operation of projects can
be significantly improved.
Based on the theory, the Scrum model and standardization are effective methods for
project development. The content and functions of the project should be standardized as
much as possible. The changes that occur during the project pose challenges to standardization. If the project scope and schedule could be secured after the sales phase the
project execution could be standardized almost completely. In ideal situation every project follows same protocol in which order and content of each task and process is precisely defined and standardized. But as long as there is possibility that the content of the
project’s changes during the project execution the project must be able to react to the
changes. The Scrum model and sprints were used to create a model for the project that
can be standardized to a large extent, while maintaining flexibility and responsiveness.
Before the defined future state map can be introduced it must be redefined with stakeholders. With the support of other departments, the model can be defined as functional
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and effective. After the new project management software have been implemented and
the project backlog is refined with stakeholders the implementation of the project in accordance with future state mapping could be piloted. Only after results of the pilot project
can the operation and benefits of the proposed Scrum-model be verified. However, improvement actions based on the results of the study can be initiated immediately.
Novelty value of the research to the general public is quite insignificant. The research
provides a new example of implementing Lean and Scrum in office environment for companies looking for ways to improve operations. However, the effects of the research are
much more significant for the case company. For project management operations, the
results are directly applicable. If the developed model proves to be effective, the use of
the model can be extended to other functions and departments, which significantly increases the significance and impact of the research.
Further research would be focused on a more precise definition and study of stakeholder
processes in order to make the Scrum model and developed project model as accurate
as possible. Dry docking projects are cross departmental projects therefore to facilitate
the adaption of new model and cooperation, the stakeholders should be involved to the
development and implementation of new model.
Second further research suggestion is project documentation standardization. All unnecessary and non-valuable documents should be removed from project tasks and remaining documents should be refined and standardized to meet the current requirements of
the projects.
Operation of the customer interface should be researched and developed so that
changes during the project are minimized and costs caused by changes can be compensated by time-based pricing. A more precise definition of these factors would improve
offer calculation for both the original scope and additional sales. Offers reliability and
accuracy are the base line for projects financial outcome and customer satisfaction.
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