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Preface 

“As yacht designers, they were a true winning team; Rod was a passionate sailor 
with excellent hands-on experience of sailboats. He was very technical and skilled 

at drawing. Olin, on the other hand, was a theorist; hence the brothers 
complemented each other, forming an ideal design team. Having some experience 

in the field, I can say that a lack of hands-on experience is a big handicap in design 
assignments, and without genuine passion hardly any success stories are created. 

– Pekka Koskenkylä, Founder of Nautor’s Swan, Erikvalla in July 2019.  

 
 

This exciting journey into the world of cruise ship concept design turned out to take another 
path than I could have imagined at first. Instead of focusing solely on theories and the creation 
of concept design models, I have found myself in museums rummaging through old archives 
and gathering information from articles that have also dealt with concept design from a 
historical perspective. The window of time has been wide but on the other hand history has 
opened my eyes to the future. Writing a dissertation alongside a reasonably demanding day 
job has been a lonely endeavour, but the journey also brought many unique encounters and 
incredibly great joint projects that were hard to refuse. Despite these often quite normal 
research distractions, my dissertation was completed within the allotted time. There would not 
have been any chance of accomplishing this work in any way without the changed global 
situation impacting on our daily routines and the strong supportive spirit in the close circle of 
these key people:  
 

For my thesis, the persistent and altruistic effort of my supervisor, Professor Jani Romanoff, 
is priceless. His energy, trust, and passionate attitude towards the subject of my thesis has 
encouraged me to reflect on the nature of my work more globally and from new perspectives, 
helping me relentlessly to evaluate and construct my observations and considerations upon the 
subject. In addition, I am truly grateful to Professor Pentti Kujala for his trust, valuable 
insights, and guidance on the way and in the last miles of the work. Special thanks are 
addressed to Dr. h. c. Kai Levander and Professor Saara Taalas for their guidance and tireless 
enthusiasm in the field of cruise ship and strategic design, and for our evolutionary path of 
serious fun.  

 
I wish to thank Professor David Singer for his accurate pre-examination and encouraging 

statement. I am truly thankful for Professor Kim Wikström for his precise and visionary 
comments, and agreement to act as opponent for the public defense of this dissertation.  
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Also, my sincerest thanks to our fantastic maritime history team, Ph.D. Sari Mäenpää, Lic. 
Leena Jokinen, Ph.D. Tuire Palonen and M. Sc. Pauli Kivistö, and to the ingenious group of the 
Interviewees. Our colourful and competent interdisciplinary journey has excited and 
motivated me to conduct this research.  

Delivering thanks to my exciting work communities from the past two decades; Royal 
Caribbean Group, Baltic Yachts, and Meyer Turku. Without the learning from and with the 
brilliant experts of these companies my research journey would have been much more arduous. 
Special thanks are owed to the Royal family for the trust and comprehension provided during 
this experimental path. There was no uncertainty for which these maritime experts would not 
have found a reasoned answer. I am deeply grateful to M. Sc. (Nav. Arch.) Rami Nurminen for 
his punctual review regarding the content related aspects of this thesis, and to M.Sc. (Nav. 
Arch.) Ari Niemelä for his professional guidance to the world of cruise ship structural design. 
Expressing my gratitude also to M.Sc. (Nav. Arch.) Iina Jokinen for the story-telling photos 
from her product familiarization cruise and to Photographer Jouni Saaristo for the technical 
images. I also wish to thank Lisbeth Staffans, former Head of Baltic Yachts and my mentor, 
Eero Mäkinen, Owner of Emmanoa maritime consulting firm, Pirkko and Pekka Koskenkylä, 
for their heartfelt support and friendship over the years. 

Taken as a whole, the last two decades hold a variety of memories, unique and unforgettable 
projects, and collaborative events around them. Together with the dream teams I have been 
privileged to join in the world’s largest cruise ship and luxury superyacht projects with highly 
talented experts. Cruise ships with a gross tonnage in the hundreds of thousands have been 
delivered to the world through the Turku archipelago and magnificent luxury sailboats from 
Jakobstad, the coastal city of Ostrobothnia. Moreover, I have also been fortunate to participate 
teamwork with the new build experts in Germany, France and Italy. All in all, this has been an 
incredibly great time to experience, and furthermore I hope that the “show will go on” for 
younger generations to enjoy many unique moments that only the yacht and shipbuilding 
industry can create.    

Special thoughts and thanks go to my precious and supportive family. They have tolerated 
and empathized with me on serene and stormy days; my heartfelt gratitude, with faith, hope, 
and love, to you all.   

To close with the history and the future, this thesis is dedicated to both edges of the fifth 
generation in my family; to my dear grandmother Elna for her wise presence in my life, and for 
my grand twins and the sunshine of my life, Aava and Minea, for their future paths of 
enthusiastic endeavours.  

Erikvalla, Friday, 26  February 2021        

Marjo Keiramo 
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Original Features  

 

Referring to the research on ship design and, specifically, the development of a cruise ship’s 
initial design phase, this dissertation work has broadened the author’s understanding of the 
subject, including historical aspects of concept design as presented by Andrews (2010) in the 
publication of 150 years of ship design. Basic design concepts were already studied by Evans 
in the late 1950s, Koestler (1964) dealt with the act of creation, and open innovation methods 
were presented by Chesbrough (2003). Extensive research about the future trends by Wilenius 
(2017) and research articles and practical examples about system-based cruise ship design by 
Levander (2000) were followed by studies of passenger ship design and construction 
(Levander, 2004).  
 

There were interesting studies by Antonucci (2009) about the great legend of a cruise ship 
designer and Dickinson (2008) about the cruise industry. The scientific articles of new building 
information modelling tools include Gerber et al. (2009); Coates et al. (2010); Tekla (2018); 
Rink (2018), and Viki (2018). In addition, about modern leadership see Badaracco (2001); 
Bolden (2011); Northouse (2007); Bennett et al. (2003), and Heaslip (2014). Overall, very 
limited research is available about cruise ship concept design, including practical models of the 
process. An overview of the research on product concept development, with some insights into 
the early stages of the design of a cruise ship, is presented by Keinonen et al. (2006).  

 
The purpose of this dissertation project has been to provide a better understanding of the 

nature and characteristics of concept design, as well as its changes and development in recent 
decades, particularly with regard to cruise ships. However, the ultimate purpose of the work 
was to promote knowledge for practical applications, to evaluate and develop the initial phase 
of the traditional design process so that it responds better to the needs of the industry today 
and guides in greater detail the initial design of a prototype cruise vessel. The purpose of the 
proposed model is to promote participatory design in the modern partnership 
environment and introduce front-end design sequences for the concept design phase. The 
structured initial design phase, including steps through dream, ambition, and creation, 
the conceptual phase, is believed to facilitate the more industrialized conception and further 
the conceptual success of several concurrent new projects by providing practical models and 
tools for distributed leadership. Defining the different stages of the prototype ship's initial 
design, the reliability of the early plans and technical studies will have a significant overall 
impact on the success of the basic design phase and the ship's production. 
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Furthermore, the research idea was to define a sufficiently clear and coherent front-end 
design model that could be modified according to the size of the ship project, the shipyard 
building it, and other changing circumstances. This always requires a broad understanding of 
the operating culture in order to successfully manage the concept design in the highest quality 
and in the most productive way among the variety of actors in collaborative environments. 
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Special Terms 

CoPS means complex high-value capital goods; products, systems, networks, and 
constructions in a project-based organization. 

 
Distributed leadership is a conceptual and analytical approach to illustrate the 

situational leadership framework and spiral of knowledge creation across complex, 
multilayered organizations and projects.  

 
Fit for purpose is correct, and of the required standard, for the intended application. The 

fit for purpose concept shall encompass the life cycle of the ship; concept, design, building, 
operation, upgrade, and scrapping.  

 
Front-end design phase is the early design phase in which the conceptual ideas and 

ambitions are generated, developed, and refined to become mature creations before launching 
the concept for the next design phase.   

 
Gross tonnage is a nonlinear measure of a ship’s overall internal volume and it is calculated 

on the basis of “the moulded volume of all the enclosed spaces of the ship”. 
 

Panamax is a cruise ship having the maximum permissible dimensions (length, breadth, 
and draft) for transiting the Panama Canal, with a dead-weight capacity of about 75,000 tons. 

 
Prototype is a ship demonstrating mostly new features of design and technology.  

White paper is an informational document to promote or highlight the features of a new 

design or solution, product, or service. 
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Abbreviations 

ALDES Accommodation layout design expert system  
BIM Building Information Model 
CAD Computer-Aided Design 
CAM Computer-Aided Manufacturing 
CASD Computer-Aided Ship Design 
CAVE Computer-Assisted Virtual Environment 
CFD Computational Fluid Dynamics 
CIM Common Information Model 
CLIA Cruise Lines International Association 
COVID-19 Coronavirus Disease 2019 
CSF Critical Success Factor 
DL Distributed Leadership 
FCCA Florida-Caribbean Cruise Association 
FSM Formal System Model 
GA General Arrangement 
ICT Information and Communication Technology 
IMO International Maritime Organization 
MARPOL International Convention for the Prevention of Pollution from Ships 
MSC Maritime Safety Committee 
NLP Non-Linear Programming 
PLM Product Lifecycle Management 
RCG Royal Caribbean Group 
R&D Research and Development 
Ro-Ro Roll-on/Roll-off cargo ship 
SBD Set-Based Design 
SOLAS International Convention for the Safety of Life at Sea 
SRtP Safe Return to Port  
VR Virtual Reality 
WWII The Second World War 
3D Three-dimensional 
9/11 The September 11 attacks 
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1. Introduction 

“In the shipbuilding industry, the problems are by no means unique, but they are, 
after all, quite universal problems; people come from different backgrounds and 
roles when they should create something together, so there are quite a lot of global 
interaction challenges. However, if you can solve them in such an environment, you 
can bring some interesting and new insights into the maritime environment.” – 
Interviewee’s statement. 

 

1.1 Background 

Since the launch of the first purpose-built cruise ship onto the market more than half a century 
ago, the cruise industry and the design of cruise ships, along with their entertainment offerings, 
have developed tremendously. From the days of transoceanic transportation, the cruise 
industry has matured into a modern multibillion tourism and leisure industry globally. Until 
the COVID-19 pandemic the industry continued to enjoy dynamic growth around the world 
(Figure 1). The increase in the number of cruise passengers rose by almost 7 per cent from 2017 
to 2018 and totalled almost 30 million travellers in 2019. The largest numbers of cruise 
passengers come from Asia and North and South America, with North America providing 
approximately 50 per cent of all passengers.  
 

Millennials are the fastest-growing passenger group, with almost 7 per cent growth, closely 
followed by the 60+ and 30–59 age groups, with an average 5.5 per cent growth. The cruise 
industry is equipped with over 300 cruise ships operating worldwide, with a combined capacity 
of more than half a million passengers. Passenger volume growth is driven by traditional 
product groups, but niche markets such as expedition and river cruises offer great profit 
potential. As a tourism product, today’s cruise ship can be considered as a destination herself, 
offering and combining the 5A’s that are essential to a successful destination; attractions, 
activities, access, accommodation, and amenities. The foundation of all cruises is the 
experience produced by multiple services, through the wow features and other onboard 
experiences, shore excursions, and by the attractive architecture of the ship created around 
specific themes for introducing the ship herself as the destination.  

 
New product innovation in the cruise industry and the related shipbuilding industry has 

become increasingly more challenging as a result of the conflicting ideas and priorities 
(Wikström et al., 2010), it has driven companies to create and implement smarter operating 
models and integrated processes to stay competitive. The collaborative front-end design 
process, complemented by an open innovation style of partnership, is one of the solutions to 
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meet the challenge. It appears natural for the ships of tomorrow to evolve in line with economic 
and technological trends. The long-term economic and ecological pressure will inevitably have 
a comprehensive impact on cruise ships as a product. At the same time, smarter design 
processes will look at power requirements in realistic operational scenarios to e.g., minimize 
fuel consumption (e.g., Hochkirch & Bertram 2012). Recent advances in simulation technology 
include using 3D ship product models, for example, fast finite element modelling (Raikunen et 
al., 2019), computational fluid mechanics techniques (Kim et al., 2021), and simulations for 
safety (Hirdaris et al., 2014), so that the as-is condition of a ship (Sumi, 2019) will be capable 
of being simulated at any time over the design and operational life spans, as envisioned by 
Wilken et al. (2011). 

Overall, a new model or paradigm shift is necessary, from a closed to an open innovation 
paradigm (Chesbrough, 2003) and to understand transitions especially in socio-technical 
systems (Geels & Schot, 2007; Geels 2011; Ceschin & Gaziulusoy, 2016) related to the complex 
concept development process. Taking into account such a complicated structure of innovation 
as the cruise ship is and the high demand for breakthrough solutions, generating meaningful 
new ideas for lucrative concepts in collaborative partnerships and innovative networks is 
becoming more important than ever.   

Table 1. The succession of development waves in industrial societies (Wilenius, 2017). 

Over the years, the understanding of innovation has developed into a science of its own and 
has been connected with creating new products (Schumpeter, 1934) and technologies (Mishra 
& Srinivasan, 2005) that satisfy the customer and open new markets. In the fast-developing 
modern world, creating a new product or service is not enough. The entire innovation system, 
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including business processes, core processes, product performance, services, channels, 
customer experience, and brand could be designed to provide added value for the customer 
(Doblin, 2012). The fifth wave (Table 1) of the development of an industrial society ended with 
the financial crisis and soon after that we are in the middle of the sixth. The central question 
of the sixth wave is whether we can generate enough highly diverse innovations. That means 
new technologies and new business models, in other words, solutions that are based on more 
intelligent production, consumption, and distribution models (Wilenius, 2017). 
 

In the new ecosystem of global business, where individuals, organizations, governments, and 
economies are all networked and interdependent, we need a new innovation model. This model 
must be based on a platform where internal, external, collaborative, and co-creative ideas can 
converge to create organizational and shared value. This can be labelled as new approach to 
innovation “Co-Innovation” (Lee et al., 2012). Some of the key enablers of effective innovation 
have been explored, such as strategic vision, culture, direction, and the sense of urgency of the 
organization. It follows that organizations should design a proper nucleus for sustainable 
innovation by balancing exploitative and explorative innovations and the innovation value 
infrastructure should be properly aligned with the organizational strategy to create a dynamic 
capability to operate in the market environment (Teece, 2009).  

 
Today, there are time, cost, and resource limitations affecting the re-design of the same 

product over several rounds. Furthermore, as described about the Industry 4.0 (Lasi et al., 
2014) a shorter development, design and construction phase and high innovation capability is 
becoming an essential success factor for many enterprises. This necessitates teams designing 
more maturely considered concepts that enable purposed first time right and time to market 
solutions. For this, the development of the initial phase of the whole design process must also 
be appreciated to ensure continuous improvement in the conceptual design of a new ship.  

 
Building and launching a new floating destination, a cruise ship, involves the skill of 

managing hundreds, even thousands, of parallel and overlapping uncertainties. These ships 
are considered high-risk articles which, if successful, would also provide substantial profits. 
Such a high-end product requires the management of constantly changing risks and, in the 
same proportion, the balancing of changing costs right from the concept stage. When a 
completely new type of cruise ship with an unprecedented structural or interior architecture is 
being designed for the market, it is considered a prototype ship. Naturally, then, we are talking 
about a high-risk product, as the first ship in a new class of ships will inevitably be. As said, the 
problems during the design and building of these demanding objects are universal project 
management challenges, which, if successfully led, will bring a profitable product for the 
shipping company. Managing risks and uncertainties is much less problematic on sister ships, 
which are generally only subject to controlled-scaled design changes. In addition, the 
participating organizations have learned about designing and building the first ship and 
understanding the implementation of the lessons learned for the sister vessels.  
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1.2 Cruise industry overview 

The history of the modern cruise industry goes well back to the late 1960s. and cruising has 
grown phenomenally in the last fifty years, from some half a million people a year in 1970 to 
over ten million passengers in 2008 (Dickinson, 2008). The curves published by the Cruise 
Lines International Association (CLIA) proved that over 28 million sailed the oceans in 2018. 
Prior to the negative impact of the COVID-19 pandemic on cruise tourism, about 32 million 
guests were expected to select a cruise holiday in 2020 (Figure 1), instead of which the year’s 
cruise traffic could be in the range of six to 12 million passengers. According to the Florida-
Caribbean Cruise Association (FCCA) statistics published in late 2019, the industry continues 
to grow and is becoming more global in terms of both itineraries and passenger sourcing, but 
the Caribbean is expected to remain the most important area for the industry’s success. 

After the years of steady growth of cruise tourism, what is said to be the biggest crisis since 
WWII will certainly leave the future of the cruise industry in turmoil and forecasting the 
number of cruise passengers in the future is overly difficult now. It has been estimated that the 
world cruise industry is worth approximately USD 150 billion and until recently, cruises were 
the fastest-growing sector of the travel industry. Despite multiple outbreaks of COVID-19 and 
uncertainty over when cruises will recommence, multiple sources and the reports of cruise 
companies say that there has been an increase in the number of bookings for 2021 in 
comparison to 2019. This indicates that people are still looking forward to going on cruises. A 
poll conducted by CruiseCritic shows that 75 per cent of 4600 cruise passengers are interested 
in taking a cruise holiday after the pandemic ends.  

Before the spread of the pandemic the Caribbean cruises headlined the industry’s success, it 
accounted for more than a third (35.4 per cent) of the global deployment capacity market share. 
In addition, the region’s yields and ticket pricing were expected to increase, aided by a strong 
U.S. economy and consumer sentiment. Overall, the demand for cruising was expected to 
increase by 20.5 per cent in the last five years and the industry to be the fastest-growing 
category in the leisure travel market and from a capacity standpoint, utilization to be 
consistently over 100 per cent (FCCA, 2018).  

The cruise travel findings from CLIA’s 2020 outlook on the state of the cruise industry 
indicate that more than 80 per cent of people who cruise are loyal to cruising and will probably 
book a cruise as their next holiday. More than 60 per cent of cruise holidaymakers rated cruises 
as the best way to take a holiday. Younger generations such as Millenials and Generation X are 
embracing cruise travel and two-thirds of Generation Z/Millenials say that cruising is their 
favourite type of holiday (Table 2). This preference is even more pronounced among Gen Xers, 
with some 70 per cent. This seems to indicate that the cruise business has succeeded in 
reaching and meeting the younger generation's holiday expectations and creating new guests 
who are becoming loyal to cruising.  



15  
 

 
 

 

Figure 1. Statistics of the growth of the cruise industry from 1970 (Adapted from CLIA, FCCA, 
Dickinson, Ward). 

Table 2. Hypothesis of holiday preferences by imagined groups of travellers per generation (adapted 
from Talwar, Tutek, et al., 2015, Wilenius, 2017). 

 

 
However, it is not all about the cruising. Sixty-eight per cent of cruisers say the destination 

of their holiday is the most important factor influencing their holiday choice. According to 
CLIA’s report, most cruise passengers, in particular Millenials and Gen Xers, see cruising as a 
good way to experience different destinations for their later trips.  
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Figure 2. The Oasis of the Seas visiting Labadee, a private island leased until 2050 to the Royal 
Caribbean Group (Photo credit: Iina Jokinen). 
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Back in the 1970s, the passengers on modern cruise ships were like pioneers testing these 
novel products. It is assumed that their primary motivation was to see different places they had 
only read about or seen some pictures of in Life, Look, and National Geographic (Dickinson, 
2008). Cruising in those days was viewed primarily as a novel way to travel to interesting 
places, conferring at the same time a certain status on the travelers, who were often the same 
people who had the first color television. The ships themselves, however, were even boring and 
little was said about the cruise itself, activities and shopping opportunities in the ports of call 
were marketed instead. 

There has been a significant development in cruise holidays and onboard activities over the 
past five decades. The first modern cruise ships offered relatively little public space compared 
with modern ships that carry many more passengers. The Song of Norway was a ship with a 
gross tonnage of only 18,400 and carried 724 passengers. After a lengthening her size increased 
to 23,000 gross tons and she was able to take 300 more passengers but offered only nine public 
spaces for passengers. Today’s cruise ships offer a world of innovations, everything from 
skydiving and surf simulators, robotic bartenders, roller coasters and go-kart tracks above the 
ocean, to special dining and chefs’ tables, all-suite staterooms, and special neighbourhood 
areas for families and friends and accommodation for people of all generations travelling 
together (Figure 3.). Cruise ships’ spaces and services continue to meet the expectations of a 
growing multigenerational and cultural population of cruisers. The cruise’s continued 
popularity can probably still be traced back to the original ideas articulated by Twain; that 
cruise travel is relatively hassle-free because you pack and unpack once, it is safe, and you can 
make new friends. Twain’s notion of cruising as a grand picnic suggests the nonstop diverse 
festivities, such as dining, dancing, activities, entertainment, etc. (Dickinson 2008) that well 
characterize today’s cruise programmes too.  

Figure 3. Comparison of development in guest-facing onboard features. The handy-sized Song of 
Norway (left) 1970 and the megaship Oasis of the Seas, 2009 (Meyer Turku). 
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The cruise holiday industry is influencing the new build market and shipbuilding industry 
both in Europe and Asia. According to the December 2019 issue of Cruise Industry News, the 
cruise ship order book expected for 2020-2027 included 116 new ocean-going vessels from 
FCCA/CLIA member cruise lines, representing 243,552 lower berths and an investment value 
of $66 billion.   

 
The cruise business is engaged in fierce competition against other leisure businesses for the 

money and time people are willing to spend on their holidays. In the cruise business, the 
shipping and the transport element of cruise liners is history; today’s cruise passenger is a 
tourist travelling by sea simply for the fun of it. The services and attractions that new cruise 
ships offer must be able to compete with the activities that tourists can find ashore. These facts 
should be the starting point for developing the next-generation cruise ship concept (Levander, 
1985). 

1.3 Objectives and Research Scope 

The historically high number of new build orders at the beginning of this decade and the impact 
of the pandemic on the cruise industry and ship design would certainly require a more 
developed approach across the shipbuilding network from the very beginning of the project 
before the actual concept is created. In this thesis this stage is called the front-end design 
phase. In this research project, the intention has been to focus on the early ship design phase, 
the concept design, and new elements of it that are related to modern collaborative partnership 
environments, specifically developed to support the leadership of this demanding design 
phase.  The phase in which high risks and high gains must be managed while giving the 
designers room to shine in creative mode and create wow effects far into the future in the 
rapidly evolving world of technology that enables previously unseen features attractive enough 
to the guest. Conceptual design resources are particularly related to human skills and the 
ability to create something new. There has been relatively little research and development on 
concept design processes, especially related to the front-end stages of the conceptual work, 
innovation, and future thinking, from the perspective of human activity. However, to succeed 
in the demanding markets, ship manufacturers and shipping companies must develop their 
ships and the cruise experience broadly and more comprehensively (Yao, 2013).   

 
Most of the research on concept development has focused on technical development and 

innovation. This research is primarily compiled based on expert interviews and on the features 
of the concept design introduced by the interviewees. In addition, recently published articles 
on ship concept design have been used as partial research literature. The researcher may have 
brought in her observations, experiences and thoughts of the general information on the 
subject that has been accumulated in various positions during service in maritime companies. 
In addition, articles compiled and published on the basis of interviews have been used as 
supporting material in this study. 

 
Designing a cruise ship is a very complex and demanding and multilayered process. It 

involves a large expert network working creatively together to fulfil passengers’ expectations 
by means of the most attractive ship concept. The concept design phase follows the visionary 
phases and aims to develop the concept in more detail and prepare design documentation for 
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the subsequent design phases. The main dimensions and general arrangement of the vessel are 
specified, the main components are defined, and risk-centric analyses are performed, along 
with the cost forecast and main project milestones. Each new design project requires a large 
network of naval architects, architects, and engineers from the shipyard and the operator, the 
classification society, and many other expert groups. 

At busy times when the parties involved in projects have their hands full of work and 
shipyards’ greatest energy focused on the construction process, the limited availability of 
resources in the partnerships means they are dedicated to conceptual development and 
collaboration, both with regard to time and qualitatively. This often slows down the concept 
design process, narrowing the implementation of innovation and new design, and often the 
output is a reduced design or quality or inadequacy of the plans. This may create a snowball 
effect, making the concept design phase too demanding to manage, causing timetable failures 
or poor design compromises that are difficult and expensive to overcome in the later design 
phase, or, in the worst case, even in the construction phase.  

In principle, this raises the consideration of whether it would be more efficient to produce a 
concept and first version of a general arrangement fully driven by a dedicated small high-
performing team of experts and then, with the vision and concept completed, to approach 
construction entities. This would allow shipyards to concentrate solely on the basic design and 
building processes, especially during times of full order books, like today. The research of 
Hellgren (2016) demonstrates that several factors during the first phases of the process, the 
initial design phase, prevent the shipyard from proceeding fluently when fulfilling the 
contractual obligations of ship design. The research also raised the question of whether it 
would already be possible to divide a ship contract into two parts, between design and 
construction. This arrangement could also benefit the ship owner. On the other hand, ship 
design knowledge and experience lie in the hands of different groups that, all together, are key 
enablers of the conceptual work. One of the fundamental core competencies in ship design is 
tacit knowledge and experimental data related to structural design and engineering. There can 
be no doubt that this is a key area of expertise, especially when designing new, white paper 
prototype vessels. In healthy organizations, expertise is a trait to be developed and 
organizations can support learning indirectly by creating working conditions that are 
supportive of learning (Meyer, 2010). In the future, hands-on design management will also 
become one of the key success factors when steering and leading multiple projects with global 
and multicultural teams in several geographical locations in parallel. 

Referring to the previous sections, the aim is to understand the challenges of the cruise ship 
concept design process and to provide an understanding of the issues that arise from sticking 
to the traditional design processes (Evans, 1959; Levander, 2000; Andrews & Pawling, 2008). 
The goal of this study is to introduce considerations of the concept design phase to meet today's 
needs in cruise ship design and to present a further conceptual design process including new 
structured design phases as part of the early design and, in addition, to introduce a possible 
future form of collaboration to improve and better support dialogue and cooperation between 
design partners that would add precision and flexibility to the process at an early stage. This 
dissertation also examines design management practices from the perspective of distributed 
project leadership.  
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1.4 Research Approach and Limitations  

A dynamic network of changing and learning actors is expected to discover radical new 
possibilities and ideas and be able to let go of old practices and behaviours. The concept design 
phase is the most discontinuous and challenging part of a ship-building process, particularly 
when designing a new prototype vessel. Therefore, different approaches and new ideas for 
producing and managing incremental or radical innovations in a collaborative environment 
are greatly welcomed.  

 
Collaborative networks induce innovation, and thus co-create new sources of value by the 

confrontation of ideas and practices, a combination of resources and technologies, and the 
creation of synergies (Romero & Molina, 2011). This encompasses collaborative partnerships 
and their steering capability to enhance a joint vision of how to help each other succeed in a 
more competitive business environment. It is essential to have full commitment of the parties 
to hard work to build up joint processes in which joint values and priorities, expectations, and 
achievable goals, including risks, are defined. The concrete steps that an organization can 
digest are crucial and include mapping out the main challenges, such as how to avoid 
resistance, how to get people to work together, how to build trust on shared values, and how to 
maintain a flexible and collaborative attitude. These elements enable organizations to achieve 
the expected behavioural changes and reach the shared goal of the development of the new 
product.  

 
In this dissertation, the aim is to describe the principles and practicalities of the approach 

that fosters the conceptual design phase of a cruise ship. The new front-end design sequences 
synchronize collaboration between architectural and technical new product design in a more 
transparent, disciplined, and structured manner from the beginning of the design approach. 
The key research themes are how the concept creation process is distributed, scheduled, and 
steered and how it is linked to other parts of planning, how innovation networks are 
constructed, and how creative partnerships are promoted. The approach is multidisciplinary, 
combining theoretical concepts of industrial product development, innovation and transition 
studies, collaborative networks, corporate foresight, and distributed leadership.  

 
The main research objectives are related to questions such as:  

RQ1: how better to reorganize early design phase in such a way that it more efficiently 
would enable collaborative ideation, and support further development of ideas to become a 
successful concept in a new ship design? 

RQ2: what are the assumed benefits between classical design approach and proposed new 
concept design model? 

RQ3: how the possible challenges of the new concept design model can be managed? 
 
 
The research approach is multidisciplinary, and the information and views presented here 

reflect the expert interviews conducted during the years 2018-2019 in collaboration with the 
Forum Marinum Maritime Centre, Universities of Turku and Aalto. A part of the supportive 
material is comprised of eighteen (N=18) open-ended interviews (Weller et al., 2018; Hirsjärvi 
et al., 2009) with key experts involved in ship concept design. This number of interviews is 
considered sufficient as the cruise ship concept design community is rather small and the 
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persons who were selected are experienced design experts and leaders, each having a long 
career in the industry. 

The initial research questions were categorized under four different themes: 1) process and 
evolution of the cruise ship concept design, 2) turning points in cruise ship concept design, 3) 
designer network and partnerships, 4) future development of the concept design. Each of the 
themes consisted of three to five more detailed questions about the topic, followed by some 
adjusting questions during the interview. The views presented, including the data collected in 
this work, are based on the personal thoughts and memories of these experts. The interviews 
were transcribed and analysed by using the grounded theory method, which enables a 
transparent and well-documented approach to identifying views, actions, and processes, and 
to understanding what is happening in the context (Charmaz, 2014). The result is descriptions 
of concept design as these specific individuals have seen and experienced it.  

The research material also contains observations of different working team events regarding 
new product concept design, as well as the author’s notes and observations of real-life 
situations concerning concept design. An additional source of information is professional 
literature and scientific publications on concept design in the marine industry and in general. 
In addition, it should be noted that the analysis of the interviews is completely dependent on 
the researcher and is based on the choices that the researcher has made for this study on the 
basis of her experience in the cruise ship industry. 

Another aspect of this work, in addition to the new model, was to understand those factors 
that are critical for a successful cruise ship concept design process. It should be noted that the 
same idea and model can also be scaled in the concept design of smaller cruise ships, and in 
terms of content, and with some modifications, in the design of specialized vessels. The front-
end concept design phase has been developed in a generic way, and it does not precisely 
identify possible design features. Such special features include various special projects related 
to the cruise ship, such as automated entertainment devices, robotized services, new 
technologies of the future, and energy efficiency development projects. All of these have been 
discussed in general terms under these headings because often a separate, more detailed, and 
tailored plan is developed for these types of special projects as part of the ship's concept design. 

This research focuses on evaluating the initial stage of the design process of modern cruise 
ships, mainly designed and built in Finland. The case study section deals with the first vessel 
in the Oasis class, which is classified into the group of megaships because of her size and 
capacity. The study associates with the expert interviews carried out in the early phase of this 
research project about the history of cruise ship design over the past half-century. However, 
the progress of the study was slightly hampered by the paucity of published scientific reference 
literature on the subject. Therefore, the results of the comprehensive and unique interviews 
have been implemented in the comparative analysis of this study to enlarge the material and 
broaden the scientific perspectives on practical experience. Furthermore, qualitative analysis 
of the open-ended literature and interviews was conducted, and the comparison of the results 
organized by using the grounded theory method. The study focuses on the initial evaluation 
and redefinition of the early stage design approach of a complex product such as a cruise ship. 
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In addition, the critical success factors linked to the successful concept as presented by the 
interviewees are introduced in this research.  

 
Moreover, the new conceptual design approach presented in this thesis may also be 

applicable to other industries involving the design and construction of large objects. 
Furthermore, the model presented in the thesis aims to explain a phase of the design process 
that has been narrowly researched and developed. While the world is developing fast, 
especially technology and different tools, from the very beginning one of the goals was that this 
thesis could serve as a basic information package for designers and future developers regarding 
the continuous efforts to improve design processes. This study aims to open the complex 
environment of cruise ship design and emphasize further research on the subject. The 
continuity of research on the topic would benefit the whole maritime industry and it is thought 
that the results will also serve other industries with challenging design and construction 
objects.  
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2. Historical overview

2.1 Key conceptual turning points in cruise ship design 

In general, passenger ships can be organized into two categories, ferries and cruise ships. 
Ferries generate their income from both cargo and passenger transport. Typically, ferries sail 
on regular routes and timetables between two ports, and their voyages are short, lasting from 
a few hours to a couple of days. The sailing routes of cruise ships are typically round trips and 
the destination is the ship herself while she visits several ports during a cruise. The voyages of 
cruise ships generally last from three to twelve nights. 

 The mission of cruise ships is to enhance passengers’ holidays and offer the best holiday 
memories through amenities and experiences. Besides these two main categories, there are 
ocean liners designed to transport passengers and cargo over long distances and at a high 
speed. Presently only Queen Mary II serves in this category, transporting holidaying guests on 
long-haul routes over the oceans. 

According to Jokinen et al. (2020), the following significant key turning points represent the 
major breakthroughs in the cruise ship design:  

The first real blue-water cruise ship concept was created and the vessel, Song of
Norway, purpose-built at the Wärtsilä Helsinki shipyard in the early 1970s. This
initial phase was characterized by cooperation with the owner and a few
designers and is considered as the starting point in the development of the
cruise ship concept design. These were the first steps taken in constructing
cruise vessels as a learning process.

The next major achievement in conceptual development, the all-outside cabin,
was seen on the Royal Princess, delivered from Helsinki to the British company
Princess Cruises in 1984. A new and innovative way of thinking and approach
to the structural design of the ship enabled a layout arrangement in which all
passenger cabins had windows or a balcony. Subsequently, designers have
aimed to maximize the number of outside cabins on cruise vessels.
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Figure 4. Innovation in ship concepts – tradition, evolution, and revolution (adapted from Levander, 
2011). 

 The architectural and technical design challenges presented by ships increased 
with the size and natural development of technology because of the complexity 
of systems. Design tools started to develop and became more sophisticated, 
requiring specialists of their own and continuous training. Since the 1970s there 
has been a gradual transition from manual design methods towards computer-
based modelling, which has enabled the design of complex and new solutions 
through the use of 3D technologies.  

 
 It is noteworthy that the car ferry concept design has had a significant impact 

on cruise ship conceptualization. As a reference, an open promenade that is a 
few decks high and runs across the ship as part of the revolutionary interior 
layout was initially designed and launched in the early 1990s with the Silja 
Symphony and Silja Serenade, car ferries in regular operation between Finland 
and Sweden. This open-plan promenade was a dramatic change compared to 
previous designs and proved to be one of the most important innovations, has 
since been adopted on many cruise ship series.  

 

 In the late 1990s designers started to create “make-believe” spaces for cruise 
ships and Joseph Farcus, a widely respected designer, in particular for the 
Carnival Cruise Line, is famous for this type of “fiction design”. On ships 
designed by Farcus, the theme is usually presented in the grand atrium, the 
imposing multilevel space mentioned as one of the key turning points in the 
cruise ship concept design.  

 
Like the three series of cruise ships, Voyager, Freedom and Oasis Class were 
also seen to contribute to the development of the “ship as a destination” 
concept. In the 2000s, concept designers increasingly paid attention to 
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passengers’ expectations and perceptions. The attractiveness of cruise ships 
began to be the main reason to travel and invest in an expensive cruise.  

A remarkable increase in the size and complexity of cruise ship designs was seen
at the turn of the millennium. Cruise ship concepts such as the Voyager,
Freedom, and Oasis class series created new challenges for ship structural
designers because of their large openings and fire zones, multilevel tower
spaces, and the split superstructure designed for the Oasis class.

The interviewees specifically mentioned the Voyager, Freedom, and Oasis class
series built at the Turku shipyard between 1999 and 2010 being groundbreaking
vessels in terms of size and complexity, posing new challenges for ship designers
from the very beginning of the projects. On the other hand, designers were able
to develop and scale further certain complex structural features through these
three vessel class.

Over the decades, the size of ships has increased, responding to guests’ expectations of 
freedom to choose to have more space and a wider product offering (Figure 3). Furthermore, 
the overall complexity of the technology, with an increased focus on greater energy efficiency 
and with solutions with less of an environmental impact and greater safety by scale, have been 
the key development areas in cruise ship conceptual design.  

2.2 Development of cooperation and the way of working in concept design 

In the early era of super-modernity, from the late 1960s, ship concepts were often created in 
collaboration by a small group of people, in many cases only a few key people, representing the 
ship owner and shipyard. This traditional way of working was often found to be hierarchical, 
although communication between the main architect and the owner was often quite intense. 
Visionary sketches, a masterplan, and layouts were mostly drawn in pencil because of the 
limited computing capacity and availability at the time. 

As described by Antonucci (2009), writing about collaboration in the initial design phase; 
“Almost every day, Farcus presented his ideas (Figure 5) to Arison, discussed them with him, 
and then re-elaborated them during the night. They were free-hand designs done in ink and 
with all the technical indications needed for their execution already noted.”  
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Figure 5. Examples of an individual designer’s style (Image credit: Joseph Farcus). 

 
Cruise ships built in the early 1970s offered relatively little public space or tempting wow and 

other guest experience features compared with the megaships that carry many more 
passengers and are constructed with more than nine million parts that require over 150,000 
individual assembly tasks (Hagel et al., 2018). The very first of RCG’s ships, the Song of 
Norway, was only 18,400 gross registered tons and, based on double occupancy, carried 754 
passengers for a space ratio of 24 gross register tons per passenger. In contrast to the ships of 
almost fifty years ago, today’s ships are dramatically larger and more spacious. Today’s 
megaships are intrinsically floating cities with almost twenty decks of tempting on-board 
amenities and services, everything from fine dining venues to buffet options, ice skating rinks, 
pools, and even parks with thousands of plants and flowers (Kwortnik, 2005). Royal 
Caribbean’s Freedom of the Seas is 154,500 gross tons and carries 3600 passengers with a 
space ratio of 42. Ships like the Freedom class feature ice-skating rinks, rock-climbing walls, a 
wave machine where people can surf, and an indoor mall-like promenade with shops and bars 
(Dickinson et al., 2008). Comparing all these vessel classes (Table 3), it is obvious that the 
concept design process for smaller size cruise ships was more straightforward, with fewer 
resources, less time, and, at the end, less money spent on the entire creative process compared 
to the conceptualization of megaships such as the Freedom or Oasis classes, with their high 
levels of design and technical complexity. In the early days of modern cruise ships, the 
collaboration models were more straightforward, as the ships were simpler. A collection of 
some key development features of the concept design identified through the interviews and 
literature can be found in Table 3.  
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Table 3. Summary of key turning points in the evolution of concept design during the past fifty years, 
mostly related to cruise ships built in Finland (Adapted from interviewees 1-18; Dickinson, 2008; 
Levander, 2000; 2003; 2005; Ward, 2019). 

The table above reflects the information described in Table 1 and Figure 4, demonstrating 
the evolution of modern cruise ships, which falls into the fifth industrial era, i.e., between 1970 
and 2010. During that time, cruise ships evolved from handy-sized vessels with a 15,000 to 
50,000 gross tonnage with a space ratio of 25 to 27 GT/passenger through the birth of vessels 
of the Panamax size with an average gross tonnage of 75,000 for almost 1000 cabins with a 
space ratio of 37-39 GT/passenger, and then further through cruise ships such as the Freedom 
of the Seas with an increased gross tonnage from 130,000 to 150,000 and a space ratio between 
42 and 44 GT/passenger. Before the end of the fifth industrial wave revolutionary megaships 
with a gross tonnage over 200,000 were constructed, with 5400 passengers in double 
occupancy offering space of 40-42 GT/passenger. The hull structure of the ships also 
developed through the design and construction of different types of ships, which, after the 
monohull design, made it possible to create the first ship with a split superstructure (Figure 6) 
just before the end of the fifth industrial era.  
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Figure 6. The split superstructure of the world’s largest cruise ships, the Oasis Class (Photo credit: Iina 
Jokinen). 
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Referring to the summary of key turning points above, the development cycle clearly 
demonstrates the growing challenge of concept design when the size of the ships and the 
multilayered complexity of their design increase. All these demanding new design features, 
new technologies for power distribution, and the increased number of people on board forced 
specialists to screen and further develop new safety and environmental regulations. New cruise 
ship concepts with a totally unforeseen design required the creation or redefinition of the safety 
specification simply because of limited or non-existent rules and regulation. The new 
definitions were often proposed for and negotiated with the classification societies by a joint 
effort on the part of the ship owner and the shipyard during the iteration process of a ship 
design because of the lack of existing regulations specifically for complex structural designs. 
The Oasis of the Seas was implemented with the SRtP rule even before the official entry of the 
compliance.  

The evolutionary development is also characteristic of the architectural design of cruise 
ships. In modern cruise ships the concepts of public spaces developed step by step. The first 
small cruise ships had only a few public spaces for passengers, such as a main dining room, a 
lobby bar, a theatre, and a small sun deck, among a few other spaces. High atrium halls (Figure 
5) were created for Panamax-class ships and the space is a very typical part of the design and
flow of people on those vessels. The post-panama ships already have dozens of smaller and
larger public spaces such as an indoor promenade, shops and boutiques, multi-storey venues
such as main restaurants and theatres, sun decks with separate pool areas for adults and
children, and several new features that are attractive for guests, such as an ice rink, flow rider,
mini-golf, basketball court, and other activity features for adults, teens, and children. The split
superstructure in mega-sized vessels allowed for even the most dizzying plans. In addition to
the enlarged indoor promenade, a real park was introduced, which allowed for a larger number
of balcony staterooms, and a large open-air amphitheatre. The new split deck house also
enabled the architecture of themed neighbourhoods. The construction technology developed
along with the ships; the size of the steel blocks increased considerably, which accelerated the
hull assembly.

Only a handful of experts participated in the design of smaller ships, and the decision-making 
process was flexible and more linear. With the increase in the size and complexity of the ships, 
the number of participants in the design process naturally expanded. This required more 
meetings and different levels of communication, impacting on the decision-making processes, 
which became more complicated, often holding back the design phase. 

The technical design challenges of ships also increased along with their size and the natural 
development of technology because of the complexity of systems. More and more experienced 
engineers and architects with a wide range of expertise in engineering and design were needed 
to implement the plans. The actor network enlarged gradually, from a few hundred to more 
than 900 experts involved in the design of the megaships that now exist, and special 
programming experts were needed to ensure that the cooperation between the groups flows 
seamlessly. At the turn of the millennium the way of collaborating started to develop into a 
more partnership-based style of effort instead of the hierarchical way of doing that had been a 
typical approach until then. Design tools started to develop and became more sophisticated, 
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requiring specialists of their own and continuous training. A step into the 3D world was taken 
when the exterior design of post-panama vessels was started.  

 
In the building of a cruise ship, unlike high-volume consumer goods, each individual high-

technology, business-to-business capital good (CoPS) is high-cost and made up of many 
interconnected, often customized parts, designed in a hierarchical manner and tailor-made for 
specific customers (Walker et al., 1988). The conceptualization of next-generation cruise ships 
would require a highly skilled, large, and solid partner network including modern design and 
communication tools. It would certainly require trust and commitment to unceasing 
collaboration to synchronize ship architecture, technologies, safety aspects, cost, and risk in a 
disciplined and structured manner and in a way that satisfies the contractual parties. The 
nature of CoPS can lead to extreme task complexity, which, in turn, demands particular forms 
of management and industrial organization (Hobday, 2000). 
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3. Theory and method

3.1 Building on the Grounded Theory 

A while was spent searching for an appropriate qualitative method that could help to conduct 
this research work, broaden my view of the research topic through systematic approach, and, 
at the end, build a hypothesis. After different theories and methods, both quantitative and 
qualitative, had been reviewed, grounded theory was then considered after reading through an 
interesting recent dissertation (Rahkamo, 2016), and by the immediate reaction after reading 
this ambitious work was that the method would also work well for my project.  

The originators of the method are Barney G. Glaser and Anselm L. Strauss (1967). In their 
book, Glaser provided a systematic approach (see Figure 7) as a result of his strict training in 
quantitative research and Strauss introduced notions of human agency, emergent processes, 
social and subjective meanings, and problem-solving practices to the method.  

Charmaz (2014; 2007b) represents the definitive guide to grounded theory and provides 
instrumental qualitative methodological guidelines, advice, and perspectives for grounded 
theory building through her experience and based on all those references that are included in 
her original book.  

Since then, the method has evolved further or changed, depending on contributors’ 
perspectives. The Charmaz version of grounded theory (2014) returns to the classic statements 
of the past century and re-examines them through the methodological views of the present 
century. Beginning in the 1990s, an increasing number of scholars moved grounded theory 
away from the positivism in both Glaser’s and Strauss (1967) and Corbin’s earlier versions of 
the method and Charmaz (2014) chose the term ‘constructivist grounded theory’. According to 
the instructions of Charmaz (2014), research can use grounded theory methods with either 
quantitative or qualitative data, but in general they are adopted almost exclusively in 
qualitative research. Grounded theory supports research in practice and facilitates the conduct 
of qualitative inquiry; it accelerates the research process and enhances the researcher’s 
excitement about it. The method fosters gaining both analytical control and momentum in 
practice. 

One of the interesting features of the method is that grounded theory enables and develops 
the researcher’s own thinking in a tremendous way, making the method extremely educational 
from the research point of view. It is considered that grounded theory fits well as a method to 
identify patterns from data with interviews and observations and this method seemed to serve 
my project to handle interpretive research and frame the key elements of the initial design 
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approach and define the missing pieces of the concept design process. Simply, according to 
Charmaz (2014), “the method consists of systematic, yet flexible guidelines for collecting and 
analyzing qualitative data to construct theories from the data themselves. In this meaning, the 
researchers construct a theory based on, as said, “grounded” in their data. Grounded theory 
begins with inductive data that starts from a single set of observations and forms a 
generalization or theory from them. It invokes iterative strategies of going back and forth 
between data and analysis, uses comparative methods, keep interacting and involved with data 
and emerging analysis. Grounded theory provides focus and flexibility; it offers clear tools for 
conducting successful research. It is stated that grounded theory strategies will help research 
get started, stay involved and finish the project.” 

 
Grounded theory encourages and guides us to attend to what we communicate, hear, and see 

while gathering information. Data is constructed through observations, interactions, and 
materials that are gathered about the research topic or setting, and empirical events and 
experiences are also studied. The process starts from early analyses of the information 
gathered, the data, and continues to categorize, sort, and synthesize the information through 
qualitative coding. Coding means that segments of the data are marked, or “labelled”, reflecting 
what each segment is about. Through coding the analytical questions relating to the data can 
be raised at the very beginning of the information collection. In principle, the coding can be 
started after having the first data available, like an interview. 
 

 

Figure 7. A visual presentation of grounded theory. An earlier version of this figure originally appeared 
in Tweed and Charmaz (2011, p. 133). Alison Tweed constructed the original figure. 

 
As a principle for this work, the constructivist grounded theory orientation guides the work. 

As constructivists study ‘how’ and ‘why’ this approach would mean more than only looking at 
how individuals view their situation or experience. As said, it not only theorizes the interpretive 
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work that research participants do, but also admits that the resulting theory is an 
interpretation. The constructivist grounded theory depends on the researcher’s views. In this, 
the researcher simply constructs the research processes and products, the outcome. 

In this dissertation work, the aim is to understand the significance of the initial design phase 
in the concept design process of a cruise ship and further, based on this understanding, to bring 
in possible new features for the early design phase and the concept design model. The key 
research themes are how the concept creation process is understood and how the process is 
distributed, how the innovative networks are constructed, and how creative partnerships are 
steered, and overall, to understand those key factors that are essential for creating a 
competitive cruise ship concept. This approach is multidisciplinary, combining theoretical 
concepts of innovative product development, collaborative partnership, and leadership of 
creative processes. With the help of the grounded theory method, my aim was to find an 
understanding on which to base my research questions.  

3.2 Open Scientific Literature 

The purpose of the open-ended literature review was to increase and deepen understanding of 
the early stage process considerations in cruise ship design and the idea of similarities and 
discrepancies in the concept design processes.   

Most of the articles have been written by prominent marine and shipbuilding scientists; a 
few of the most recognized names have published several interesting articles about the 
preliminary ship design processes and methods; see Table 4. However, most of the articles 
regarding the preliminary ship design approach focus on naval, cargo, or merchant ship design 
and construction. Less information is available purely for the design approach regarding the 
cruise ship sector, or the information is created based on the design and construction of other 
types of ships, such as layout considerations for amphibious warfare vessels such as aircraft 
carriers (Honnor & Andrews, 1981) and frigates (Brown, 1988; Andrews & Pawling, 2003).  

Certainly, there are similarities in design processes and methods, but also some remarkable 
differences; the concept design, especially of warships, often starts after having almost a full 
understanding of the ship specification available in this respect and based on the theory that 
the preparation of a warship specification is the concept design. In a cruise ship design the 
specification in the early stage often includes only a few key figures and the specification is 
developed through the concept design phase. In many cases, especially when designing a 
prototype cruise ship, which includes many challenging problems and conflicting 
requirements to be resolved (Andrews, 2004), the specification continues to be updated during 
the basic design phase and is concluded before start of the detail design.  

The design of naval vessels largely focuses on the ship's machinery and the technology of 
other systems related to warfare. In cruise ships, the general arrangement is guided by the size 
of the passenger cabins and the structure of the public areas, which impact on the design of the 
hull structure and exterior. There are also common factors in the design, for example, limited 
availability of space, which has to be used wisely; logistics and the flow of people and the 
interaction between the spaces are also key characteristics in the design, as described by  
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Table 4. List of the scientific literature selected for coding according to given subject areas, including 
the overview of the results.  

 

Levander (2003) and Andrews (1981). The design approach of an aircraft carrier and cruise 
ship are both multi-mission approaches even if the design work and team communication are 
organized in contrasting environments.  
 

By means of an open review of the scientific literature, the aim was to map the main 
differences, and similarities, in the early design approach. On top of reading through the 
literature and articles, the main analysis of the literature review was conducted based on the 
grounded theory method of Charmaz (2014), with the help of the auto-coding function 
provided by the Atlas.ti8 software. 

 
The codes for the automated review of articles published in the English language were 

defined on the basis of the background work, which included eighteen expert interviews 
analysed by the grounded theory method and by using the auto-coding system of the Atlas.ti8 
software. 

 
In total, 48 codes were submitted through the Atlas.ti8 software system and by means of the 

auto-coding function the selected articles were screened and codes matching the content were 
listed for a more detailed review. As a result of the auto-coding and combining some of the 
codes, 28 codes were mentioned in the key articles, bringing 1239 quotations altogether (Table 
5). In the summary below, the main features and reflections of the top ten codes, of which the 
first five represent the core codes, are considered as background and reference material, and 
further compared with the codes from the interviews.  

 
As an example of the process, a word cloud (Figure 8) was formed to highlight the keywords 

relevant to the aspects of the general ship design process and the related functions.  
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Figure 8. Word cloud generated by the auto-coding results of the selected scientific literature. 

Table 5. Results of the refinement process for the auto-coding review of the open-ended literature. 
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3.3 Open-Ended Interviews 

The grounded theory venture starts by gathering rich data on the topic. For the data 
collection, the first step is the sampling of participants, e.g., interviewees. It was key to 
understand that a grounded theory journey may take many varied routes during the data 
procession, depending on where one chooses to go or where the analysis takes the researcher. 
The adventure begins with finding and generating data. To obtain rich data it is necessary to 
write extensive field notes of observations and find relevant documentation and/or compile 
detailed narratives, for example from transcribed tapes of interviews. It is crucial to have rich 
data to generate strong grounded theories. 
 

According to the classic statements on grounded theory by Glaser and Strauss (1967), it is 
important to emphasize analysing action and process. The approach is taken by simultaneous 
data collection and analysis to shape the data collection and to inform the emerging analysis. 
At the very beginning of the project, it is suggested to ask these questions: 
 

 What is happening in this context? 
 What are the basic social processes? 
 What are the basic social and psychological processes? 

 
The latter two questions involve us in looking at what is happening on one of two levels. These 

questions will get us started, but the answers may not be as clear and straight as the questions 
suggest. The definitions are always interpretations, even when major participants concur. The 
researcher may find many things happening in the setting, especially if the challenge is a 
multilevel one, such as a cruise ship concept design. At the beginning everything may seem 
either significant or trivial. In addition, it is important what the researcher sees and hears 
during the process, and how experienced the researcher is in the field of study.  
 

In general, the data collection of the research includes literature from the field of concept 
design, both historical and the latest publications and articles, and professional summaries 
and presentations related to concept design. The supportive qualitative data was distributed 
through the analyses of the open-ended semi-structured interviews of the experts (N=18). The 
selection of the interviewees was conducted by the recommendations of network actors and by 
the network information that had been produced by the long career of the author. 

 
The experts (Table 6) all have a long and impressive track record in various key positions in 

the field of product design and development, naval architecture, architectural design, and 
engineering. Their fields of expertise cover project management, architectural and technical 
product design and development, business strategies, sales and marketing, technology 
development, and leadership experience in large organizations. Eight of the interviewees have 
management experience in the role of department head or project manager; three of them has 
experience in various leadership roles on an upper level. All the interviewees have worked with 
or led international, multicultural teams and four of them have expatriate experience. Among 
the interviewees seven persons were fully or partially retired and 11 were employed. 
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Table 6. Overview of the interviewees. 

The interviews focused on the term ‘cruise ship concept design’, its background, and the 
development of concept design processes, significant turning points in cruise ship concept 
design during the last fifty years and future visions and the role of the concept design in the 
entire shipbuilding process. Pre-interviews were used, which made it possible to update and 
refine the questions before the actual interviews. The interviews lasted from 41 minutes up to 
100 minutes, altogether 18 hours 41 minutes. The length of each interview depended on the 
relevance of the interviewee’s experience and the richness of their articulation of the topic. The 
interviews were mostly conducted in Finnish, and the selected codes, with some key 
quotations, were translated for the purposes of this research. The guiding questions created 
for navigation through the interviews covered: 1) how they would define concept design and 
asked them; 2) to describe the concept design process and its development, as well as a process 
for producing novel ideas; 3) to identify which innovations or changes they recognize as 
turning points in concept design; 4) to nominate prominent individuals in cruise ship design 
processes, and 5) to highlight the notions that are relevant to the future development of concept 
design, as well as the domain as a whole. 

The primary motivation to carry out the interviews was the finding that the number of 
available comprehensive historical studies of the evolution of Finnish cruise ship design is 
limited. Thus, in the interviews that were initially conducted, one of the key aims was to 
examine the history of the concept design for cruise ships by documenting and collecting the 
interviewees’ memories of, and perspectives on, developments in ship concepts and design 
processes since the late 1960s. However, the successful interview process provided 
significantly more information regarding the concept design of cruise ships.  
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3.3.1 Data Analysis before Building a Theory 

The interviews were transcribed and analysed according to the grounded theory method with 
the help of the Atlas.ti computer program, developed for qualitative data analysis and research. 
Atlas.ti is widely used by researchers in a variety of fields, including the arts, architecture, 
economics, ethnological studies, psychology and sociology, and engineering.  

 
The program helps the researcher to systematically categorize and analyse complex 

phenomena that are often “hidden” in unstructured data such as interviews. The program 
provides several tools to locate, code, and annotate1 findings in the primary material, and 
further to evaluate and compare the information and to visualize often unrecognized relations 
in it.  

 
In practice, the collection of research material and process of analysis took place by extracting 

interesting research-related quotations from the interviews after they were uploaded into the 
system. The data can be categorized under various pre-defined codes, or the codes can be 
defined while coding. In my project the codes were drafted beforehand and then re-defined 
during the initial coding phase of the interviews. 

 
The initial codes and quotes extracted were then further evaluated, sorted, analysed, and 

redefined through several rounds by means of the focused coding approach. The evaluation 
and sorting of the data continue until the saturation point, i.e., the point at which new 
information is no longer formed from the sorted data (quotations). In addition, during the 
coding, the necessary memos and notes on the selected topics were produced and compiled as 
a basis for the final research material. There is a memo writing function in the software that 
makes the writing of notes possible in parallel with the coding approach. However, one often 
comes up with ingenious thoughts just when one is not at one’s computer. For the grounded 
theory it is typical that these thoughts come sometime after the coding work. Thus, it is 
recommended to keep a traditional notebook nearby in which one can write insights right away 
and memo-write them later for the electronic notebook. 

 
In the first stage, altogether 70 codes were given for 572 quotes in total. It took a while before 

it was possible to move on as the list of quotations was digested by a small group of the author’s 
business and scientific colleagues. That step introduced new thoughts about the subject and 
without the valuable feedback from the group the linking of the codes could have been more 
challenging. In the linking stage, the quotes were further re-constructed by using the terms 
available in the Atlas system and 153 code-to-code links were created. In the third stage the 
sub- and main categories (Table 7) were formed on the basis of the selected statements, 
resulting in ten main categories (Table 8). In the final stage the main categories were 
reorganized by their relations with each other and five final core categories were formed (Table 
8 and 9). The interviews were mostly all in Finnish and thus it made something of difference 
in using Atlas, for example the word cloud automatically created by the system.  
  

 
1 Code in grounded theory means the sorting of significant data of the context, while annotation refers to an 
explanatory note or comment added to a context.  
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Table 7. Refinement process stages of categorized expert interviews. 

Table 8. Core and main categories with the code groups formed based on the expert interviews. 
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Table 9. Example of categorizing process of the expert interviews.  

 

 
 

It should be mentioned that the local dialect made the material review and coding of the 
interviews extremely challenging. First, the dialects had to be translated into Finnish and a 
professional vocabulary had to be added to these translations, as the terminology and rhetoric 
were largely deficient. Details and design-specific features were expressed in such a way that it 
was assumed that the researchers, i.e., the interviewers, would understand the subject in and 
out without explaining it further. The interviews could be understood in the case where the 
researcher had worked on ship design or by knowing in advance the rhetoric of certain persons. 
However, this phase significantly complicated and slowed down the research, and eventually 
the final quotations interpreted in Finnish were further translated into English. 
 

The data of the expert interviews was analysed by giving in vivo codes to any statement that 
was found interesting from the research topic and questions point of view. The code-code 
linking, and screening helped grouping the quotations, making abstractions and form the main 
(10) categories. One category could have several code groups and each group several codes like 
demonstrated in the Table 8.  After several iteration reviews of the data the core categories (5) 
were formed.  The core categories are systematically related to the lower categories as 
demonstrated in the Table 9., that shows the path of the process stages from right to left. The 
“Codependency & Collaboration” was chosen to demonstrate the process in the high level. The 
selected category includes 13 code groups with total 267 codes selected from the 70 code 
options. In the final stage the core category “Collaborative dynamics” was formed, further its’ 
content is opened in more detail in the paragraph 4.4. 
 

As an example of the coding process, a word cloud (Figure 9) was formed to highlight the 
keywords relevant to the aspects of the cruise ship concept design process and the related 
functions. 
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Figure 9. Word cloud generated of the quotations of the expert interviews. 

As recommended (Charmaz, 2014; 2006; Glaser & Strauss, 1967), in the grounded theory 
method the key is to dive deep and analyse the data in several rounds. After this phase was 
accomplished and the memos were available, I was ready to build my theory of the topic. After 
that, final comments and critiques were discussed with specialists in my network and 
professors before writing my grounded theory based on the processed information.  

3.4 Traditional approach and cruise ship concept design 

Although the shipbuilding industry is at least as old as house building, it differs in interesting 
ways from other construction industries. For example, construction projects in ancient Egypt 
required ships to transport rocks along the River Nile from the quarry to the Pyramids 
(McGrail, 2002; Senseney, 2011). Shipbuilding has been governed more by universal laws of 
physics, such as Archimedes' law, than by other building regulations. In principle, shipbuilding 
design today is not limited to the role of shipbuilding engineers and naval architects but could 
be done by anyone skillful if the plan and execution meet the criteria of a designated 
classification society. In shipbuilding projects, the client, or the client and the shipyard jointly, 
determine the classification society to be used in the project. Further, the society that is 
selected determines the criteria to be followed in the design and outcome of the project to be 
implemented. In practice, the International Maritime Organization (IMO), established in 1948 
under the auspices of the United Nations, defines guidance on these requirements.  

However, the differences between the laws, standards, and guidelines governing 
shipbuilding, by their very nature, create a different starting point for project design and 
implementation. This similar problem is also likely to lead to various ethical challenges in 
research. These may relate to design and implementation copyrights, liability issues, and 
agreements between the operators, whether they concern the design or implementation of 
projects. 
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In the 1860s, the terminology related to ship design began to evolve and became structured 

with the establishment of the Royal Institute of Naval Architects (RINA) in London. The RINA 
is a respected international institution whose members are involved in the design, 
construction, and operation of seagoing vessels at all levels. The body has members in over 90 
countries and is widely represented in industry, universities and colleges, and shipping 
organizations worldwide. The fact is noted that UK ship engineers, as well as land-side 
architects, use the term "Conceptual Design", unlike their Nordic counterparts. Generally, 
concept design, as it is known today, only began to become established in the 1950s, when not 
only ship owners but also shipyards started to do conceptual design. 

 
Ship concept design is the first major ship design phase in which the design, engineering, 

architectural, and integration issues of a ship are interactively worked out to produce the best 
possible concept. 

 
The traditional approach to communicating a ship's concept design is the method whereby 

design issues are evaluated and worked in a sequential and overlapping manner. The 
harmonious and balanced result of this method may require several design rounds and the 
approach is rather time-consuming. 

 
Over the past five decades, the size and complexity of cruise ships have grown significantly 

because of various requirements. This has also put pressure on ship design; as the size of the 
ships increases and the size and volume of the spaces naturally increases, thus the amount of 
dialogue as early as at the concept design stage is also exponential, as a result of the fact that 
all the spaces, flows of people and goods, different technologies, and other operational 
requirements must communicate seamlessly. With the increasing workload and dialogue 
needed in the initial phase of the design process, it is important that the concept design process 
descriptions are further developed and formulated as the field of operations expands, and as 
work methods and tools evolve. 

 
Ship design and construction projects are highly complex efforts, with the general completion 

time of a project being between five and even seven years from concept to the product being 
on the market (Figure 10). Within the industry the shipbuilding process is often described as 
“building floating cities but only in a more highly regulated environment that the actual cities” 
(Heikkilä, 2018), and in a much shorter time.  

 

 

Figure 10. Traditional generic timeline for a prototype vessel (Adapted from Hellgren, 2016). 
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Theoretically, the traditional approach to communicating the initial ship design process is 
introduced in the design spiral (Evans, 1959). The iterative process emphasizes that the design 
issues of resistance, weight, volume, stability, trim, and other aspects interact. Design issues 
can be considered in sequence, and in increasing detail in each pass around the spiral, until a 
single design which satisfies all the constraints and balances all considerations is reached. 
Tupper’s theory (1975) describes the concept design as the most important, innovative design 
phase that requires an experienced naval architect. A large percentage of the total cost of the 
ship is already committed in the concept design phase and time spent at this stage can avoid 
expensive changes later. The development of information technology enables more design 
variants for more reliable estimates of cost and technical performance, including interior 
design options. Pawling (2008) and Andrews (2010) split the concept design phase into three 
areas: 1) concept exploration, which brings a wide-ranging study of options; 2) concept studies 
to develop the preferred concept arising from concept exploration, and 3) concept design, 
which leads to the decision to commit the more substantial effort needed for the later design 
stages. 

The result is a complete system description for the new ship, which will act as a basis for 
further design work. The calculated total volume of all the functions of the ship also defines the 
size of the vessel needed to perform the specified mission (Levander, 2005). The main design 
elements to be well covered in the system-based design (Figure 11) are the mission, function, 
form, performance, and economics of the new concept.  

A high-quality cruise ship concept design has a key impact on the overall success of the 
project, along with other issues such as economy, eco-efficiency, and sustainability. According 
to Remes et al. (2018), traditionally, after the concept design phase, only about 5% of the work 
has been done, but about 70% of the cost has been determined. In the early stages of conceptual 
design, the ship's technical characteristics are defined, and the ship’s performance is 
determined. In the conceptual design phase, the ship’s geometry, general arrangement, 
technical and architectural specification, and cost framework are created.  

Among naval architects, one of the key document is the general arrangement. The stateroom 
is another very important element in the concept design as it determines the length and width 
of the ship and the number of passengers. It also determines the financial concept and 
requirements already at the conceptual stage. It can be noted that the general arrangement 
(GA), venue matrix and technical specification are the documents in ship design that binds the 
ship design and all features together. The document shows all the facilities and logistics of the 
ship, flows of people and material, and related design solutions as a whole.  
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Figure 11. System-based design approach (Levander et al., 2005). 

Everything defined in the general arrangement is supported by other architectural and 
technical documentation and, furthermore, the additional technical documentation, even 
though it may be about the power and speed, ICT, automation, human control, and other 
security and safety types of details. The design and entertainment documentation defines more 
the holiday itself, such as all the entertainment services, the dining concept, shore excursions 
and their impact on the tender boat concept, and the logistics inside and outside the ship. It is 
meaningful for all this, the entire ship design and operational concept, to be defined and 
analysed earlier in the process compared to the traditional approach.  

 
The ship's design is based on a clear goal, i.e., the ship's mission. The amount and scope of 

the design work is extensive and involves a large number of specialists, such as architects, 
designers, naval architects, engineers, project specialists, and technical consultants. The 
design process is systematic, multi-stage, and iterative as the amount of information grows 
tremendously as the design work progresses (Remes, 2014). According to Eyres (2007), the 
ship size and general arrangement are stabilized, the main ship systems selected, and major 
risks are eliminated, or mitigation measures put into action so that a cost estimate can be made 
in the most accurate way and a building timetable and strategy can be developed. After the 
mission has been defined and the concept design finalized, the needs and cost of these elements 
can be compared, and it should result in a mutual understanding between the owner and the 
shipyard. The concept design has a major impact on the economic success of the vessel and 
complexity makes it particularly challenging (Trincas et al., 2018). By means of real-time cost 
forecasting and balancing and risk mitigations the economy-related boundary conditions can 
be followed; in addition to trust, it requires seamless and open dialogue and dynamic 
collaboration between the parties involved. 

 
Many models have been developed to implement the concept design of a cruise ship, but it is 

equally important to involve the future target groups of both the end product and the services 
as early as possible.  The introduction of ideas and interviews with end users always bring new, 



46 

previously unnoticed perspectives. It would be beneficial to obtain feedback from the end users 
at the very beginning of the project and for the results to be integrated into the work of future 
scenarios and trend analysis. 

Key questions in concept design are related to the idea description, customer identification, 
vessel marketability and separation from competitors, visualization of the idea, and service 
design of the product. While conceptual design is essential to highlight the potential of a 
concept, it is recommended to evaluate the risks associated with competition and the feasibility 
of the concept among the analyses of the short-and long-term business opportunities. 
Furthermore, an important early project task is to organize a complete analysis of the risks 
regarding possible challenges in the design and construction phases specifically in the case of 
a prototype vessel. 
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4. Reflections towards the concept design  

The word concept originates from the Latin noun conseptum, based on the verb concipere. In 
Finnish, concipere refers to composition or writing. The term is related to work in progress, 
such as speech writing. In everyday language, concepts are said to refer to “plans or advance 
calculations” (Sorsa 1997). In Finnish, the word concept in the dictionary has a different 
meaning from the English word concept: “concept: rough draft, notes, outline” (Hurme 1984, 
479) “concept: concept, mind” (Hurme 2000, 540).  
 

In traditional ship design, it all starts from the definition of a ship's mission, which is based 
on the ship owner’s requirements and specifications (Papanikolaou, 2014), defined by some 
main principles such as route, speed, capacity, and operational logistics, followed by defining 
the technical functions of the ship and the geometry of the ship, taking into account the balance 
of space and weight. There are various aspects of ship performance in terms of endurance, 
survivability, stability, hull structure, machinery, seakeeping, ship concept validation for the 
lifecycle and many other technical aspects. On top of the technical studies, there will be several 
alternative architectural layouts and studies outlining both the interior and exterior design of 
a ship. Profitability calculations and the design, construction, and operational economy of the 
ship are made at an early stage and updated as the design develops. A new ship must become 
economically profitable, both for the yard to build and for the owner to operate. For the 
building of the business case, the evaluation of profitability of a new ship concept, the statistical 
data available from previous concepts is recommended to be utilized.  

 
The different variables of a new ship concept can be compared with the historical statistics 

or a statistically-based trend exploration can be used for a new ship. In these types of exercises, 
statistical data would show the link between the size and profitability of a cruise ship (Keinonen 
& Takala, 2006).  

 
According to the findings of Keinonen and Takala (2006) about the product concept design, 

the element expressed regarding a new ship concept design is that designers communicate new 
possibilities to their customers, ship owners, to support their investment decision process. 
Further, it has been recognized as a common feature of the product design-related functions 
that the designed products are not intended for production. Instead, product development 
concepts (Kokkonen et al., 2005) have been used as an instrument to achieve other business 
goals, such as supporting employee training, corporate communications, brand building and 
marketing, and the development of technology. It is obvious that concept design has different 
meanings in different lines of business and groups.  
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Regarding product development in the shipbuilding industry, we can refer to an emerging 
concept. A typical feature of emerging concepts is that they are created along with technical 
studies and research or the modification of products for radically different markets. The design 
of emerging concepts, which includes a wide range of research and prototyping activities, is 
often a long-term process in which projects can last months or even years; a good example of 
this type of process is the development of concepts or the entire concept design process of a 
large cruise ship. It is noteworthy that future studies, scenario development, and technological 
anticipation all lie together behind the vision of the possible concept. Another important aspect 
for future designs is to anticipate the growth of shipping markets and the opening of new 
routes. One such recent example is the continuously expanding cruise market in Asia and polar 
regions. Cruise ship designs have been developed in anticipation of the opening of the new 
route. Vessels that change their routes are often modified according to the expectations of the 
new market.  

In addition, factors influencing the success of the cruise ship design process are narrowly 
presented or barely recognized in the scientific literature. Examples of such specificities are 
related to the areas of creativity, mutual understanding, a multilayered approach, complexity, 
compromise, attractiveness, passion, persistence, differentiation, product competitiveness, 
and the right product on the market, the characteristics that are essential to the nature of a 
successful approach throughout the design and construction process of complex objects such 
as cruise ships. The fifth chapter presents in more detail the key features, which are also 
supported by the results based on the expert interviews. In addition, the importance of these 
features in the design of cruise ships is further explained. 

4.1 Analysis of findings of scientific literature and interviews 

4.1.1 Systematic and orderly approach to reconcile complex multidisciplinary challenges 

The process in general is defined as a series of actions or steps taken to achieve a particular 
goal or end. Ship design is a highly intensive and complex process, mainly because of the large 
number of components and competing requirements (McKenney et al., 2011). In the actual 
ship building process there are four main milestones after the design phases; the start of 
production, keel laying, launching, and delivery, with hundreds of sub-processes linked to each 
phase. The building process follows a very demanding design process consisting of the concept, 
basic, and detail design phases. In the selected articles the word ‘process’ was one of the three 
that appeared over 250 times.  

About the process, Evans (1959) points out the importance of a reasoned and orderly process 
of the ship design, further referring to his spiral (Figure 12), a general design diagram to assist 
in organizing the thought process and to enable ship design problems to be solved most 
efficiently. Already at the time of the publication at the end of the 1950s, Evans referred to the 
utilization of automatic computers in the design work, further emphasizing the importance of 
the thought process to the final objective in the organized design approach. 
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Figure 12. The general diagram to assist organizing a ship design process (Evans, 1959). 

Helvacioglu and Insel (2005) consider the ship design process to be a highly data-oriented, 
dynamic, iterative, and multi-stage algorithm. The process utilizes multiple levels of 
abstraction and concurrent engineering techniques, referring to an expert system application 
of the knowledge representation method given for the general arrangement design of a 
container ship. 

 
About computer-aided ship design, Nowacki (2010) states that the ship design process serves 

to provide a complete product definition. The process must generate a complete product model 
defining the properties of the ship for all the required subsequent assessments. Nowacki also 
argues that design is a synthesis process, and the entire design process is a mature, rational, 
and more flexible decision-making process. The evolution of computer-aided ship design 
(CASD) has had, and will have, a significant influence on the ship design methodology. 
Papanikoulaou (2010) stresses the natural link between the ship design process and design 
optimization, stating that the selection of the best solution out of several feasible ones should 
take place based on a criterion, or rather a set of criteria. He briefly introduces information on 
a holistic approach to ship design optimization. The holistic approach is the multi-objective 
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optimization of ship design that simultaneously considers all the (holistic) design aspects of 
the ship system and for the entire ship’s life cycle. The major design objectives considered are 
performance, safety, risk, survivability, and cost. The major design constraints are safety 
regulations and the state of the market (demand, supply, the cost of steel, fuel, etc.).  

With regard to an integrated approach (Figure 13) to the definition of style in early-stage 
design, Pawling et al. (2013) consider the general arrangement design to be a constrained 
process. The integration of manual and automated methods for general arrangement design 
allows the naval architect to identify and act upon emerging relationships and possible 
conflicts between requirements and solutions. The process would help to understand 
unavoidable conflicts and their consequences and communicate them to the stakeholders early 
enough. Eventually, the integrated process could move design further towards a process of 
fuller exploration and better elucidation of requirements.  

Figure 13. Integrated approach to style definition in early-stage design (Pawling et al., 2013). 

The importance of continuous development in design practices and tools, especially in 
disruptive market conditions, is explained in the paper of Brett et al. (2018). More developed 
processes integrated with modern data-driven tools are needed to accelerate vessel design 
practices and support the decision-making process in the stakeholder network, specifically in 
changing market situations. It is argued that more developed business models, work practices, 
and tools in the ship design are essential in challenging business transition situations; as an 
example, an offshore vessel designer and builder may become an expedition cruise vessel 
project maker in a very short time.  
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Interviewee 7: In other words, the high-quality concept design is such that it is 
possible for the main dimensions of the ship to be frozen and retrieved. And then, if 

you must touch, for example, the breadth or length of the ship or take other 
corrective measures with regard to the main dimensions, then these influence the 

arrangement of the whole ship in such a way that it may no longer be an effective 
idea of its origin. Of course, sometimes the plan may even get better when you 

realize that not everything was in order in the initial concept. Still, it causes 

disruption to the design process and perhaps the entire construction process and 
can even show up in the final product. 

 
Interviewee 4: For cruise ships, all the processes are much longer than for other 

ship types. There is a lot more work at that concept design stage, meaning it could 
easily take a couple of years for the entire process before we get to that actual 

contract phase or even contract negotiations. 

 

Interviewee 2: 3D modelling and various simulations regarding logistics, and of 
course, the ship's performance, and the basic naval architecture, which means that 

the ship becomes a ship. That the ship first meets Archimedes' law, floats, and stays 
afloat. In addition, there is a lot of focus today on environmental issues. This work 

can be supported by analysis tools and various dynamic simulation models, which, 

of course, have changed the development of the product, but the aim is still the same 
as before, to design a ship that meets the market needs set by customers. So, all this 

and more is part of the process. 
 

Interviewee 4: In terms of technologies, this virtual simulation software has been 
developed and used for a long time, which makes it possible to get a good estimate 

of how the ship will behave or how the ship's equipment would work in situations 

corresponding to the actual estimated operational situation. 
 

Interviewee 6: The previous approach has been for the shipyard to send a drawing 
of an area as a preliminary idea to an architect, then the architect does a year of 

work and a thousand drawings, precise details, and everything else, and sends it 
back to us and there's nothing right about that. The geometries in the plan are not 

correct, the plan is not made according to the given reference, and it does not meet 
the expected price level. The plans come to us late, and then we start to work on the 

completely wrong material and use it for this work as well as the price calculation 

for many months. It is a completely wrong process. 

 
On the evidence of the expert interviews, concept creation is considered as an innovative 

process that also involves long-term futuristic thinking and perceptions. These actions form a 
natural part of the concept design process. Furthermore, the interviewees, like Pawling et al. 
(2013), partially consider the concept design a constrained process, reflecting the difficulty of 
forming a holistic picture of the entire process. There are several design tasks with their sub-
tasks that are distributed across many departments in large organizations. The importance of 
a solid and reasoned process has been highlighted (Evans, 1959), mainly through examples of 
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the challenges involved in unorganized processes. The critical considerations of the 
interviewees were focused on the process or its inoperability. The projects were often found 
inefficient because of conflicts in the different design methods or ways of working. This creates 
conflicts as well as frustration. It is noteworthy that participants in large projects were not 
required to have the ability to design the process or industrial management capabilities but 
focus solely on the product design. The interviewees highlighted the development and 
implementation of new modern tools (Nowacki, 2010; Brett et al., 2018; Helvacioglu & Insel 
(2005)), assuming that the use of these tools could better facilitate the whole design process 
and improve decision making and timetable management. 

On the basis of network theories (Goodrum et al., 2018), and the application of modern 
network models (Parker & Singer, 2015), Pawling and Andrews (2018) introduce the project to 
investigate the use of network science as a new way for designers to “see” general arrangements 
and investigate ship design models and the flow of information in the design process (Figure 
14.). The study includes designs of complex research vessels as a comparison with naval ships. 
McKenney et al. (2011) consider the advanced design methods such as the set-based design 
(SBD) process to obtain accurate and informed decisions to reach a more globally optimal 
design, presenting the general application of the SBD process for US naval vessels (Singer et 
al., 2009), and focusing on changes in design requirements.  

Figure 14. An example of a complete network (Pawling & Andrews, 2018). 

A spectrum of variations in methods was introduced in the literature that was surveyed and 
‘method’ was referred to 203 times. By the word method, the researchers are referring, inter 
alia, to the accuracy or quality of a certain method in the field of naval architecture, like Evans 
(1959) to calculations and analytical methods such as Webster’s approximate method. In 
addition, Evans refers to his spirals and diagrams, e.g., the midship section structural design 
diagram for transverse and longitudinal framings, as a method. Helvacioglu and Insel (2005) 
developed the reasoning and knowledge representation method, referring precisely to this 
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method in their research. The reasoning of the general arrangement of a ship, an iterative 
process (Evans, 1959; Andrews, 1981), was used in the prototype design.  

 
Nowacki (2010) argues that the use of computing has caused the creation of new ship design 

methodologies, thus radically changing earlier practices. According to Nowacki (2010), ship 
design remains a human task supported by computers, and the human designer remains 
responsible for posing reasonable and creative design problem formulations and for critically 
reviewing the results. Computers are used only as an aid in design decisions. It is further stated 
(Nowacki, 2010) that the economy and safety of the ship have remained the most important 
objectives of ship design and risk-based ship design is becoming a well-adopted methodology. 
According to Papanikolaou (2010), the optimal ship design with respect to her whole life cycle 
is the outcome of a holistic approach to ship design optimization. A proposal was made for a 
ship design optimization methodology on the basis of two typical multi-objective ship design 
optimization problems, namely the optimization of the hull form of high-speed vessels for 
reduced powering and environmental impact caused by the wash of waves that is generated 
and the optimization of Ro-Ro ferries for the lowest structural weight, increased transport 
capacity, and enhanced survivability in the event of collision damage.  
 

Pawling and Andrews (2018) highlight the importance and development of modern 
computer methods in developing and exploring general arrangements in the preliminary ship 
design phase, introducing their “Style” as a mechanism for storing and applying information 
and making design decisions. Brett et al. (2018) argue how data-driven methods can effectively 
support the change processes and mitigation of the “wicked problem” effect in vessel design, 
and conclude that training both for business-centered and modern data-driven methods can 
be of importance for students in the field of naval architecture. 

 
Several research studies have been published by Andrews and Pawling (2018; 2003) and 

Pawling et al. (2013) about the evaluation methods of general arrangements, architecturally-
centred design methods that integrate configuration into the earliest stages of design. They 
also handled the problem from the educational point of view of how to teach arrangement 
design and the related methodologies effectively to students of naval architecture. Pawling and 
Andrews (2018) introduced their project to investigate the use of network science as a new way 
for designers to “see” and understand the general arrangements by examining ways of 
visualizing a limited set of numerical network metrics, with analysis conducted with freeware 
software and visualization produced in Excel.  
 

McKenney et al. (2011) introduce a set-based design as an advanced design method that can 
provide a structured approach to evaluating the design space while moving toward a more 
globally optimal design (Figure 15). The methodology has been used for applications in the 
automotive and aerospace industries and proposed for the ship design process for US naval 
vessels. The main objective in their study is an evaluation of how delaying decisions using SBD 
could cause higher adaptability to changes later in the design process. The SBD methodology, 
it was concluded, allows the designer to see the impacts that the changes have on the design 
regardless of the magnitude of the requirement changes.  
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Figure 15. Set-Based Design process (Bernstein, 1998). 

Optimization is in general considered as a rational approach to optimal ship design. 
Overall, ‘optimization’ was referred to 187 times in the literature that was surveyed. Evans 
(1959) points out the importance of the former quality in design integration and optimization, 
and the training of engineers to reflect this emphasis, since design is surely one of the prime 
aspects of the work they must cope with thereafter in their professional lives. This refers, to the 
importance of sharing tacit knowledge (Holste et al., 2010; Riis et al., 2019), especially in 
growing organizations and those in transition towards a new generation of designers. The 
declaration of the most favoured solution by direct choice or by stating a measure of merit 
criterion for comparing design quality turns the design problem into an optimization problem 
(Nowacki, 2010), thus referring to the system analysis approach, which has become popular 
and widely accepted in ship design and has made a deep impact on ship design methodology. 
The approach is particularly helpful in developing innovative solutions and judging their 
merits according to rational criteria. An optimized problem can be described in a mathematical 
form. According to Nowacki (2010), this methodology is considered one of the most advanced 
at the present and is applicable to many more complex decision problems and a great multitude 
of design problems can be modelled as NLP (Nonlinear Programming) tasks. 

Papanikolaou (2010) acknowledges that ship design is a complex multi-discipline 
endeavour that requires a holistic approach coupling the design process and design 
optimization. Ship design should address the entire life cycle of the ship, even if split into the 
various traditional stages; the concept and preliminary design, the contractual and detailed 
design, the construction process, the operation of the ship for her economic life, and, at the 
end, recycling/scrapping. Papanikolaou (2010) considers an optimal ship as the outcome of a 
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holistic optimization, pointing out the complexity of the first design phase, the conceptual 
design, and the conflicting requirements resulting from the design constraints and 
optimization criteria (merit or objective functions), reflecting the interests of the various 
stakeholders in the design of the ship. Papanikolaou (2010) refers to a multi-objective 
procedure that is based on the integration of modeFrontier, an environment for Multi 
Objective and Collaborative Design Optimization, with NAPA, a widely known naval 
architectural design software. 

 
Brett et al. (2018) refer to a similar approach that integrates multi-criteria evolutionary 

problems with multiple objective optimization problems for better design solutions. Tsitsilonis 
et al. (2018) mention optimization in connection with a machinery selection process that was 
treated as a multi-objective optimization problem. McKenney et al. (2011) consider the set-
based design method to provide a more structured approach to evaluating the design space to 
make accurate decisions toward a more optimal design. A set-based design method is 
considered as adapting to changes in design requirements.  

 
Interviewee 15: In recent years, such multiuser environments for the 
development of general arrangements have been advanced. It allows several 

people simultaneously to work on the same general arrangement, i.e., 
collaboration features have been introduced into the design system. What is called 

a multiuser-CAD, specifically for the general arrangement work, which is just 

smart, has become available. At the moment, how to develop something similar for 
the interior design is being examined. There are a lot of development opportunities 

from architectural design to detailed design, which is a very broken process and 
does not make the best use of modern technology. 

 

Interviewee 15: Slowly, we are beginning to take advantage of the fact that the tool 

itself can be used collaboratively so that there is a layout on the screen and all the 
comments of other designers can be seen; for example, that this wall needs to be 

moved because of a new technical space, etc. All comments and tasks are displayed 

on a common design platform where performances can be immediately 
acknowledged. 

 
Interviewee 11: Of the tools, I would elevate the NAPA design or calculation 
program as by far the number one. It is used by 90 per cent of the world's 

shipyards. There are, of course, competitors to the program, but not with a similar 

volume. NAPA for stability and weight calculation; it has been a success story and 
the main area of use was precisely the tool for concept design. 

 
Interviewee 3: We developed such tools for the concept development. With the help 
of the tool, we have been able to gain many big design wins quickly. The tool 

developed different options quickly; it was a kind of initial design software, 

calculation software. It can calculate three things: ship technology, capacities, and 
the construction costs. It can also calculate how much sales a ship will generate. 

And there is a spiral in this approach.  
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Interviewee 8: Concept design seeks a big pattern of what kinds of needs a 
customer has for a ship and looks for alternative designs. We look at the size and 

capacity of the ship and try to determine the service level of the ship. Further, the 
ratio of crew and passengers, cabin sizes, and then, depending on the concept, the 

number of public spaces, sun decks, and all other spaces. 

Interviewee 11: The development of the concept moves step by step to the technical 
side and after all, shipbuilding today involves quite strict regulations. It must meet 

all the requirements of the various authorities, for example, that the shape of the 
hull is such that it affects the resistance but also the stability of the ship. Stability 

is, of course, more of a regulated matter and resistance interests the creator of the 
ship concept from the point of view of the estimated operating costs and 

performance of the ship; the speed of the vessel from one port to another. 

The science recognizes the multidisciplinary complexity of ship design and many of the 
challenge areas were introduced by the interviewees as well. The literature that was reviewed 
presents several methods and rational approaches, such as optimization (Papanikolaou, 2010; 
Nowacki, 2010: McKenney et al., 2011) and modern computer-aided methods (Pawling & 
Andrews, 2018; 2013; 2003). The interviewees repeatedly highlighted the challenging design 
process of a complex product such as a cruise ship. In general, it was noticed that they have a 
very practical approach to the topic; for example, in the absence of suitable methods or tools, 
those are developed by the designers themselves or with the network companies, and often 
tailored for the various purposes and projects. Instead of the methods and processes, the 
experts have often focused on the development of tools and new calculation models that 
alleviate the massive design approach to a large prototype vessel. Often, design methods and 
tools are created and developed in-house by the actors participating in the design process, and 
thus the tools are often very variegated. The general expectation was that new, more complete 
tools, as well as more powerful computers, would bring at least partial relief and more 
efficiency and accuracy to the demanding design tasks and ultimately improve the facilitation 
of design optimization.  

4.1.2 Decisions generated with informative design and management tools 

Overall, in the reference literature, it was considered that the decisions in ship design are 
made with the help of tools, but precisely how the content should be produced receives less 
consideration. Pawling et al. (2013) reflected on the importance of content, as well as the 
exchange and analysis of information between disciplines. The disciplines show up as some 
degree of collaboration, although collaboration is not brought to the fore, even though we talk 
about common tools. Evans (1959) addresses the importance of initial estimates and decisions 
that may be critical in more complex problems which often involve more compromises because 
of incompatibility, and further points out that ships and aircraft are examples of such 
extremely complex problems. In addition, he is sceptical about whether, by fixing additional 
ship characteristics and reducing the number of decisions, it is difficult for a naval architect to 
achieve the ultimate, absolute optimum design.  
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Helvacioglu and Insel (2005) refer to ‘decision’ in connection with design descriptions that 
are produced as a result of design decisions. Lee et al. (2006) refer to ‘decision’ and ‘decision 
making’ in their consideration of a system developed for the better management of design and 
planning that reduces costs by systematic and integrated management, increases consistency 
and integrity in the organization, and reduces the time required for data collection and analysis 
for decision making. Nowacki (2010) connects the ‘decision’ and ‘decision making’ with 
systems analysis, which is a rather general approach, and further states that engineering design 
and hence ship design is a synthesis decision-making process that leads from boundary 
conditions to a product definition that includes all the relevant information for the 
performance assessment and production of the ship. Nowacki links decision making strongly 
with the computer-aided design approach, stating that the innovation that computers brought 
about essentially does not lie in what tasks are solved but rather in how we perform them.  

 
Papanikolaou (2010) refers to the computer-aided ship design approach, underlining that 

the first phase of a ship design, namely the conceptual design, is complex enough and multi-
objective mathematical optimization approaches are very valuable tools to enhance the quality 
of ship design and support in decision making, especially for ships with fewer complicated 
arrangements, such as cargo ships, as their compartmentalization can be generated by 
significantly fewer design parameters.  

 
Pawling et al. (2013) present their Style concept as a procedure for storing and applying 

information for making design decisions. They say that Style is proposed to be a grouping of 
information such that a given decision will primarily be cross-cutting, in other words, will have 
an impact on multiple areas of design characteristics and performance. Manual and automated 
methods for general arrangement design can be integrated. The use of design style and an 
associated ontology and taxonomy of style may allow semi-automated tools to be more closely 
aligned with the types of decisions made in preliminary design. Presenting their recent 
research about the use of networks in analysing existing and historical ship designs, Pawling 
and Andrews (2018) argue that networks can provide an abstract mathematical representation 
of many types of connected features, properties, and information, such that the associated 
network analysis metrics and approaches can offer new ways of investigating and evaluating 
ship designs. The computer-aided principle is a continuation of their “Style” concept to support 
decision making during the preliminary design phase.  
 

In the opinion of Brett et al. (2018), there is room for design companies to improve their 
business models and work practices, especially in design practices and the development of 
tools. They argue the importance of interdisciplinary management tools from the decision-
making paradigm to be applied better to control the uncertainties and complexity issues. They 
also believe that in the future, naval architects must be able to develop both the business case 
and ship design solution as one integrated delivery, for which the combination of business-
centred understanding and the aid of modern data-driven tools is essential. The importance of 
tools for decision making was also argued by Tsitsilonis et al. (2018) in relation to initial cost 
estimation and cost risk. They argued that an effective cost estimation tool is a critical decision 
support instrument in the design of the vessel, but methodologies that could provide cost-
estimating relationships would require shipbuilding data and access to the data is often 
limited.  
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The scientific literature demonstrates de facto that fragmented tools have a significant 
impact on inferior design quality and, ultimately, the entire quality of the product. In relation 
to ship design ‘tools’ and various methods have been referred to in the light of computer-aided 
software engineering in knowledge-based design methods (Helvacioglu & Insel, 2005; 2003). 
Lee et al. (2006; 2004) refer to the usage of standardized commercial tools in the internet-
based management of integrated technical information on the ship; a system based on the 
internet would support a multi-designer environment and remote work regardless of time and 
place, reducing the time required to collect data and analysis for the decision making. In his 
article about the five decades of computer-aided ship design, Nowacki (2010) concludes that 
many complex analysis tools that were previously used in a standalone manner are nowadays 
integrated into the design process. Such tools are used in hydrodynamic design (CFD methods) 
and in structural design (finite element, finite volume or boundary element methods). This 
author future states that the design and manufacturing tools (i.e., CAD, CAM, CIM) are 
integrated under one roof and the product life cycle management tools (PLM) are becoming 
attractive.  

Papanikolaou (2010) points out the role of matured methods and advanced computational 
tools in the multi-objective and multi-constrained procedures of ship design optimization in 
the concept design phase. The advanced tools and methods can be utilized for the evaluation 
of stability, resistance, seakeeping, structural integrity, and other risk-based design 
optimization tasks. In addition, multi-objective mathematical optimization approaches are 
very valuable tools, and they greatly enhance the quality of ship design.  

Like Nowacki (2010), Pawling et al. (2013) also emphasize the importance of integrated 
approaches, collaborative methods, and tools in the ship design process, referring specifically 
to the early design stage to help a naval architect create more detailed layouts. The packing-
based ship design approach of van Oers et al. (2008, 2009, 2010, van Oers, 2011) (Figure 16), 
describing a methodology based on the design building block, has also been introduced.  

Figure 16. Basic workflow of the packing-based ship design approach. (Adapted from van Oers, 2011; 
Pawling et al., 2013). 
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By adapting the packing-based parametric ship description to a search algorithm and 
performance measuring tools, a large and diverse set of 3D ship descriptions can be 
automatically generated. One method is the manually-driven Design Building Block approach 
(Andrews & Pawling, 2003), and two others are evolutionary algorithm-driven methods; see 
Daniels et al. (2009); van Oers (2011). The “style” mechanism as explained by Andrews and 
Pawling relates to the type of information relevant to and found at several levels in ship design. 
It is proposed to be a grouping of information such that a given decision will primarily be cross-
cutting; in other words, the information impacts on multiple areas of design characteristics 
and performance. The mechanism is proposed to be applicable in several areas and at several 
levels of design, from the overall ship arrangement to lower levels to define detailed 
arrangements.  
 

Interviewee 11: Computer-aided modelling provides decision makers with better 

information about what it is possible to implement. The visualization of objects is 
helpful because often, decision makers with money in their pockets may not be so 

technically trained or experienced. Thus, assisting decision making with 
various computer programs would support this process. It is already well under 

way, so virtual reality is what we are talking about now. I do not think it changes 

so much the way of doing the concept design, but it’s a good tool for taking 
implementations forward. Like the program (NAPA) brought reliability to the 

design. Before, everything in ship design was calculated manually and the 
program also saved counting hours. On the one hand, I do not know whether the 

cost of concept design has decreased significantly with using the program, but with 
certainty the work became easier and more reliable, but on the other hand, the 

program also increased the professional requirements of the naval architect.  

 

Interviewee 15: This requires education of attitudes, choosing the right people 
for the right roles, and creating good working conditions. It requires structural 

organizational changes and people that are empowered with a mandate to make 

decisions in their area of responsibility. Otherwise, cooperation and design will not 
develop if you always must apply for approval elsewhere. 

 
Interviewee 1: A clear advantage in 3D is to display all the public spaces of the ship 

from the very beginning, completely inside and out of the ship. This creates such an 

atmosphere in the first meeting for everyone to see and understand the design 
of a ship. Today we have a message that people who are participating in the 

concept review meetings are not able to interpret the deck-by-deck arrangement 
that is a so-called line drawing. The advantage of working with 3D is that if even 

the smallest detail in the plan changes, the whole design can still be perceived in an 
up-to-date way and everything happens in hours.  

 
Interviewee 5: Ferry companies also know how to be demanding and know what 
they want, but with them the decision-making process is, in fact, much more 

straightforward and in that sense the management of the ship project is much 
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clearer. And the concept that has been chosen is usually followed to the end of the 
project. 

Interviewee 1: Decision making is a different kind of visual world. Decision 
makers were often not used to reviewing several drawings but instead compared 

the design of hotels and ships in practice with their own eyes. The conceptual 
material that is introduced to them must be similar and not monks' Latin that is 

understood by a few experts only. 

Interviewee 4: Virtual, easy-to-understand 3D models speed up and enable easier 
decision making. It does not take too long to wonder what the design would be like 

and for everyone to understand the plan in the same way. 3D tools can retrieve 
visions and insights better, and as the concept is developed, these tools have 

changed the nature of the work. For example, not everyone may perceive the size 

or appearance of spaces unless they are presented in 3D. Now that you have these 
glasses and other related accessories that allow virtual walk-throughs in the space, 

it helps in the decision-making process. It is also possible to produce exterior 
models of a ship with a 3D printer. 

Like Brett et al. (2018), the interviewees argued in favour of a central role of new methods 
and tools in ship concept design, specifically referring to the preference-based decision-making 
processes, business-centred naval architecture, and solution-making modern data-driven tools 
and the management of expectations between different project stakeholders in disruptive and 
transformative market situations in particular. In general, the topics in the literature review 
focused mainly on aspects of technical design, such as the hull and hydrodynamics, while in 
terms of methods and tools the proposals are somewhat fragmented or ignore similar 
proposals with minor modifications. For example, the 3D modelling of a large cruise ship has 
been addressed in more detail in a few master’s-level works reflecting the situation in the field 
today; one research study that is available and refers to the algorithm-aided design process was 
compiled by Annala (2016). The interviewees pointed out the difficulty of understanding the 
design and ship architecture, especially if they cannot be presented in a three-dimensional 
format. Those interviewees who experienced the era of a two-dimensional design approach 
pointed out the opportunities offered by the new virtual design tools that help provide a better 
understanding of early visions of the ship inside and out. These new tools allow for greater 
transparency throughout the entire design chain and contribute significantly to the decision-
making process. In this way, projects also stay on schedule better and the design costs can be 
better controlled, especially with the help of data linked to the BIM tool. In the interviews, the 
tools were particularly linked to the concept design, partnership collaboration, and trust 
building in the initial phase of the project, decision making, design and construction 
challenges, and, further, to risk management and safety-related aspects.  

4.1.3 Other aspects of the concept design based on the open-ended literature review 

The result of the reviewed words and their connections with the ‘cost’ and ‘price’ were 
combined. In general, the ‘cost’ related to the cost of operations and constructions. The ‘price’ 
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was connected mainly with the cost of materials, the price of fuel, the price of new building, 
and operating expenses (Brett et al., 2018; Helvacioglu & Insel, 2005). In addition, the ‘price’ 
is referred to in connection with the development of ticket prices in the cruise industry 
(Tsitsilonis et al., 2018), based on Dowling (2017). In general, the ‘price’ is mainly connected 
to the price of the end product and operating expenses, while the ‘cost’ is linked to the expenses 
related to the design and construction of the ship, although Evans (1959) pointed out that the 
cost of the construction and voyage of a fully loaded cargo ship should be a minimum in order 
to achieve the budget and return on investment targets.  

 
Lee et al. (2006) refers to an integrated management system that could enhance the cost-

effectiveness and quality during the entire life cycle of a ship. Nowacki (2010) refers to Benford, 
who in the late 1960s demonstrated how the economic evaluations of a merchant ship could 
be performed in practice at the early design stage. Nowacki (2010) refers mainly to the cost-
effectiveness measures of merchant and naval ships, stating that in naval ship design some 
non-economic measures of effectiveness are used, but that considerations of cost-effectiveness 
nonetheless furnish the relevant criteria. Nowacki (2010) also writes about the design solutions 
that must realize low ship weights and production costs in order to be economically 
competitive projects. In addition, lower transport costs, e.g., by improvements in fuel economy 
and structural effectiveness, by advances in cargo handling speed, and by reductions in 
turnaround times, are indicators of such success in economic efficiency. To summarize, the 
economy and safety of the ship have remained among the key objectives of ship design. 

 
Consistent views are presented by Papanikolaou (2010); a cargo ship needs to be optimized 

for cost-effectiveness, for higher operational efficiency or the lowest Required Freight Rate 
(RFR), and for the greatest safety and comfort of passengers and crew, while also recognizing 
some case-specific constraints impacting on ship design, such as the cost of major materials 
(steel, fuel, workmanship) and the anticipated financial conditions, such as the cost of money 
and interest rates. Papanikolaou (2010) states that optimization criteria reflecting the ship’s 
economic potential, the building and operational costs, transport capacity, net present value, 
or required freight rate may also be used in addition to other criteria, such as the ship’s main 
particulars. Hence, the optimization may also be performed with respect to the maximized 
transport capacity and minimized building cost, as an approach that is close to a ship owner’s 
perspective. The cost aspect is defined as one of the major design objectives in the holistic ship 
design optimization, in addition to the performance, safety, risk, and survivability. On the 
other hand, the cost of steel and fuel, for example, is part of the major design constraints in the 
field of the state of the market. 

 
Brett et al. (2018) introduce cascading effects that impact on the ship design industry; slow 

economic growth versus a bad shipping market; fewer new buildings and less work for ship 
designers; lower prices and fewer funds for fun; cost-consciousness; more for less 
achievement; product and service obsolescence. It is argued that most of the time in real life 
ships are operating only for short periods in good markets and for most of the time the markets 
are so inadequate that they can barely support a vessel’s capital and operational costs (Ulstein 
& Brett, 2015). Furthermore, they are of the opinion that design solutions are not well adapted 
to the real market situation, resulting in business cases and vessel designs that are too complex 
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and expensive. The conclusion is that in the future fewer prototype vessels will be designed 
because it is more desirable and profitable to build series ships.  

Interviewee 4: Of course, even already in the concept design phase, and the more 
complete the concept starts to be, then of course there will be a clear interest in a 

more specific price. And yes, the price there is involved at the very beginning, when 

the basic concept has been completed, so you want to get a kind of price estimate 
for it. In addition to considering whether all the pieces of the concept are in the 

right places, and in accordance with the wishes given by the customer, it is often 
noticed that the ship became too expensive. Often, the first visions for a new type 

of ship are easily too big and too many dreams are wanted, and the price is set 
according to these first wishes. Then we start to think about where we can save, 

maybe reduce the passenger capacity, reduce the size of the cabins, or something 
else, to reach an appropriate price level.  

Interviewee 3: It was necessary to understand the cost of operating a ship. It was 
not enough just to understand the technology; we also had to understand the 

financial aspects and what the passengers wanted. This led to the slogan that the 

designer must look at the ship through the eyes of the customer. For us, 
both the shipping company and the passengers are customers. Through market 

research, a different approach to design began to develop. 

Interviewee 15: Specifically, the technical specification and the total cost were 
thought through. I remember with warmth the attitude and approach of the 

client’s representative. The price of the ship dropped by 10% when it was calculated 
in a slightly different way. 

Interviewee 9: Money drives the activities of ship owners. Absolutely all the 

financial matters must be in order in every ship concept. We proceed on economic 
terms. 

Interviewee 12: Quite often, I visited reference ships in the Caribbean and many 
other places all over the world. The visits were organized urgently to understand 

the level of the reference ship for the price estimates. It was a fast process to 
assess which facilities were taken as a reference, the features that were not 

worthwhile included. I searched for options and I had an important role to play in 

keeping the accepted price level in hand. It was actually pretty much this method 
of pricing that I created; it had not been done that way before. I was asked if you 

had "loose sleeves" today and I got an hour to look at the photos and determine 
what the interior and decor would cost. Of course, my knowledge grew, and I 

learned what features and materials to choose that are suitable for both the 
customer and the shipyard. Specifically, it was all about a lot of reference-level 

reviews.  
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Interviewee 11: Usually, a fixed price is given for the ship, but the price 
uncertainty is directly proportional to the thickness of the specification; if it is 

thin then the price can be just about anything, while a thick book can be used to 
calculate a very accurate price. 

 

For example, the current pandemic crisis may lead to a situation in which fewer purely 
prototype vessels are designed because it is more desirable and profitable to build series ships 
(Ulstein & Brett, 2015). Furthermore, it is thought that more thoughtful optimization 
(Papanikolaou, 2010) in the earlier phase of the design, both technical and architectural, that 
has an impact on the price level will also become a practice in cruise ship design. The pricing 
is always based on a reference ship and in this respect the development may lead to multiple 
references for one project and thus again lead to a slightly more laborious pricing process. The 
pricing of a cruise ship, on top of the basic cost of materials, the price of fuel, and operating 
expenses (Brett et al., 2018; Helvacioglu & Insel, 2005), is, furthermore, largely based on 
market feedback and an understanding of future trends and the cruise holiday expectations of 
the guests. The price estimation process of these expectations, the dreams, is often a laborious 
step for both the shipyard and the shipping company. According to the views of the experts, 
the cost and price were put under the umbrella of significant design, the ship contract, the 
creation of new features, ideas, and product differentiation, being one of the key topics in the 
partnership-related dialogue. 
 

Megaships with capacities of more than 6000 guests and crew serve a segment of the cruise 
market, and so safety has become an issue of paramount importance (Papanikolaou et al., 
2013). The bigger size of cruise vessels enables an enhanced onboard guest experience, whilst 
increased capacities lead to an increasing number of people at risk.  

 
A cruise ship needs to be designed to fulfil certain safety standards in order to have 

permission to operate and cruise passengers can only feel comfortable in conditions that they 
perceive as safe. Safety and comfort constitute key criteria for cruise operators when they order 
new cruise ships (Ahola, 2017).  

 
The Maritime Safety Committee deals with all matters related to maritime safety and 

security, covering both passenger ships and all types of cargo vessels. The work of the MSC 
includes updating the SOLAS Convention and related codes, such as those covering dangerous 
goods, lifesaving appliances, and fire safety systems. In 2000 the IMO started evaluating 
whether the regulations at the time were still suitable with respect to the growth of tonnage 
and the passenger capacity of modern mega-cruise vessels and the development of operation 
in more remote areas. As a result, several amendments to SOLAS were adopted during the 
82nd session of the Maritime Safety Committee in December 2006, with the aim of improving 
the prevention of accidents and also to improve the survivability of the vessels in the event of 
an accident such that everybody may safely remain on board while the vessel proceeds to a 
port.  
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 Figure 17. The Oasis of the Seas on her sea trial (Photo credit: Jouni Saaristo). 
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Significantly, the cruise ship industry is often at the forefront of developing safety and 

security-related standards, and the design process of a new ship assesses the adequacy or 
inadequacy of safety rules from the perspective of a new concept and operation. The necessary 
improvements and consequent changes to the rules will be made in close cooperation with the 
maritime and passenger safety authorities, the shipyard, and the shipping company. It is 
noteworthy, therefore, that in these respects the updating of the safety instructions is proactive 
and predictive and does not occur solely because of experiences with accidents. As an example, 
the Safe Return to Port (SRtP) rule was complied with in the early design phase of Oasis class 
megaships, well before the required date of effect on 1 July 2010. The approach can be 
considered safety by design (Ahola, 2017).  

 
The process of ship design serves to provide safety evaluations as safety aspects play a 

decisive role in ship design concerning the risks to human lives, damage to cargo and its loss 
in ship collisions, groundings and severe weather, and any damage to the marine environment. 
Furthermore, ship economy and safety have begun to be regarded as equally important goals 
of ship design, both for the ship owner and for maritime society. Risk-based ship design, where 
all the risks are aggregated, is becoming a widely accepted methodology (Nowacki, 2010). 

 
Safety is one of the conflicting requirements in ship design and a decision regarding the 

optimal ship design needs to be rationally proceeded with. The regulatory frameworks 
pertaining to safety for ships are mainly the international SOLAS and MARPOL regulations. 
Safety may be defined as “an acceptable state of risk”, further referring to the multi-objective 
optimization procedure that the designer aims to assess systematically and in a short time to 
consider hundreds of alternative layouts, subject to a variety of constraints and objective 
functions related to the ship’s efficiency and safety (Papanikolaou, 2010). 

 
Pawling et al. (2013) refer to Sim’s (2003) comparative naval architecture to understand how 

safety is considered in the design. From the safety point of view fire, collision, grounding, and 
system failure prevention are the main technology-related drivers in ship design (Levander, 
2008). 

 
Interviewee 2: A ship acts as a ship and the number one element is that the ship is 

safe, and it is an area that is never to be compromised. Safety always comes first. 

Interviewee 8: The rules and regulations must be precisely known and followed, 

but one must also dare to make proposals that require interpretations of the 
rules. 

 
Interviewee 9: There are cookbook-type safety regulations. There have been 

changes, such as today the fire zone is no longer limited to 40 metres or 1600 
square metres; if it can be shown by engineering methods that even a larger fire 

zone is just as safe, then one can be designed and built. Such developments have 

opened slightly more doors in cruise ship design.  
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Interviewee 8: We need to know what new rules are coming up and their 
requirements. In general, ship owners want to anticipate future rules in such a 

way that those upcoming safety aspects are considered in advance. 

Interviewee 11: NAPA’s hull stability program is usually included in all ships. 

Interviewee 3: At an early design stage, for the Oasis of the Seas a special project 

was established regarding safety; it was about the anticipation of new rules, 
with the goal that the ship itself must act as a lifeboat. The development of safe 

return to port was already ongoing, but the related leakage stability issues still 
required development work. To this end, the IMO commissioned quite a few studies 

on what the potential damage could be. We did a lot of work together with the 
authorities and universities. The ship owner strongly supported us in this work. 

Interviewee 12: Oasis’ park with inside balcony cabins, outdoor promenades, and 
an open atrium. All these new features had to be accepted by the safety 

authorities. There wasn’t that much trouble with the IMO approving the plans in 
the end, but with the US Coastguard we had a hard time. They evaluate safety from 

the perspective of American passengers very carefully. The details were reviewed 
several times and the design explained in fine detail to convince them that the 

design met the rules and safety-related criteria. 

As stated by Papanikolaou et al. (2013), safety is the paramount item in a cruise ship. 
Specifically, the safety aspects of new design solutions and features are prioritized at a very 
early stage of the project and negotiated with the authorities. The approach can be considered 
as safety by design (Ahola, 2016) and similar safety aspects to those that are introduced in the 
literature that was reviewed also apply in cruise ship design, but often the content is broader, 
and safety and security aspects are carefully assessed even in small guest-facing details. In 
general, the new upcoming rules are handled in the design well before their entry into force. 
Safety always comes first and is never compromised. Risk-centric ship design, in which all the 
risks are aggregated (Nowacki, 2010) is a widely-used and continuously improved 
methodology in cruise ship design. In the expert interviews safety related to responsibility and 
was further linked with leadership challenges, person-centricity, risk management, trust, 
know-how, and experience. 

According to Papanikolaou (2014), ship design in the past was more art than science, and 
very heavily reliant on experienced naval architects with a background in various fundamental 
and specialized scientific and engineering subjects, in addition to practical experience and 
furthermore connecting experience with the compromises that highly experienced decision 
makers, usually the shipbuilder and ship owner, have to agree on during the contract 
negotiations, and, in addition, bringing up the complexity of some problems, of which there 
are often plenty in cruise ship design, for which it is hard to find the certainty of a rationally 
optimal solution with respect to technology and economy. In this respect, the experience of the 
ship designer, shipbuilder, or ship owner complements the lacking design data.  
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Lee et al. (2006) define experience as part of the knowledge that is defined as technical 
knowledge in engineering which affects the competitiveness of a product or service. Such 
knowledge, like experience, is accumulated and inherited and it should be systemized in such 
a way that it can be shared and utilized across the organization, but it often remains in each 
person’s mind; the difficulty of inheriting tacit knowledge (Holste et al., 2010). Experience 
forms part of competitiveness in the engineering field and specifically in the cruise ship 
building industry.  

 
Brett et al. (2018) describes how changing market conditions directly impact on behaviour, 

knowledge, and the building of experience in companies. They also see the importance of the 
ship designer experiencing the context of the design work personally and physically. It is 
suggested that this experience will enrich the designer’s judgement capacity (Lurås & Nordby, 
2014).  

 
Tsitsilonis et al. (2018), linking experience with the guest experience by referring to Dowling 

(2017), state that the onboard guest experience is the most important link between the 
customer and profitability. The guest experience needs to be tailored to guests’ cultural norms 
and expectations (Elliott & Choi, 2011; David, 2015).  

 
There are many areas of uncertainty in the design process of a new ship, especially in the 

design of a large prototype cruise vessel. In addition to many design constraints, naval 
architects and designers often meet challenges caused by a complex design and changing 
design requirements that are often introduced in the late phase of the design process. 
Challenges posed by completely new solutions or technologies are also common. Therefore, 
the designer must tolerate uncertainty and be able to enjoy the challenging tasks involved in 
different types of projects. Resilience and modern tools would help tolerate the uncertainties 
faced during the design process.  

 

Helvacioglu and Insel (2005) refer to the comparison of Park and Storch (2002) in the sphere 
of knowledge-based design research. The automobile and aircraft industries were targeted, 
with 70 and 170 research articles per year on average respectively during the 1990s. 
Meanwhile, only 1.4 research articles per year were observed in the shipbuilding industry. They 
considered that the low level of interest in knowledge-based ship design methods could be 
related to the challenges posed by the integration of computer-aided design systems and 
insufficient and ineffective geometric rationalization. In response to this gap, they refer to 
ALDES, the accommodation layout design expert system, stating that the customization of ship 
design can be performed for any type of ship, but the design phases that would require 
interactions with several parties are not possible. In addition, the uncertainty of inputs, both 
on data in a prototype and on aims, may result in significant changes in the description of a 
ship design. The utilization of uncertainty simulations, such as Monte Carlo, could contribute 
to the optimization of a more solid design. 

 
Through his conspectus of key developments in computer-aided ship design Nowacki (2010) 

brings up the importance of a holistic understanding of a ship as a product and the processes 
with the many kinds of uncertainties a ship will experience during her lifetime, thus 
recommending better coordination and linkage of product design and process design. He 
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summarizes that a modern study on the principal characteristics of a ship can be conducted 
with objectives in the areas of economy and safety and can be performed by multi-criteria 
optimization using advanced probabilistic modelling. Methods of decision theory help to set 
criteria for dealing with uncertainty. The uncertainty is often linked to the case-specific 
constraints that are seen as a set of input data with uncertainty regarding the generic ship 
design optimization problem (Papanikolaou, 2010), such as, for example, the cost of money 
and interest rates. These may be measured based on probabilistic assessment models.  

Linked to “Style” as a cross-cutting concept in ship design, stylistic information has the key 
property of being able to accommodate uncertainty, as well as the use of networks to address 
issues of knowledge and uncertainty in the integration of new technologies (Pawling et al., 
2013; Pawling & Andrews, 2018). Further, Brett et al. (2018) focus on a holistic and system-
based ship design approach and the balance between the process and solution orientation of 
the ship design project, arguing that more attention needs to be paid to the actual execution of 
the project of building a new ship in the broader context, improved ship design solutions, and 
project effectiveness in the circumstances of disturbance and a high level of uncertainty.  

Interviewee 3: After all, we would never have been able to build any cruise ships if 

we had not gone through all these steps along the way. There has been 

continuous development for forty years. And, of course, there was such a 
benefit here in Finland that we had a car ferry business that helped development. 

In 1978, a separate product development department was established. 

Interviewee 3: Well, I think the biggest change happened when we, in a way, 
learned from the fact that we were thinking about the concept as a shipbuilder. The 

change began when we started to think about what the cruise passenger really is 
and how it is defined. The wisdom that came along the way was that we learned 

to look at more than just what building a ship cost. We began to understand how 

money moves in the cruise business. And it is not solely about the price of a ship 
but more what the business includes from the ship owner's perspective and above 

to understand what the passengers are willing to spend on their cruise holiday. 

Interviewee 9: The long history and tradition of ship design here feed the 
excellence as well and its legacy has made it easy to build demanding cruise 

ships. 

Interviewee 4: In the initial stages, there is not much planning involved; it can only 
be one person, or three to four guys get the concept done. After we start to have the 

concept ready and get to discuss it more, then more people can come to think about 

how that concept could be further refined. It is important is to ensure that we have 
skilled experts here, and not just in our organization but in the network 
organizations as well. 
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Interviewee 5: We have a high level of expertise in hull design and strength analysis 
and it can be said that we are years ahead of any other shipyard in the world; it is 

quite honest to say that it is our cutting-edge expertise. 
 

Interviewee 7: If there are good naval architectural skills then it is a benefit and 
has already partially solved many questions in the concept. 

 

Interviewee 11: It has been a significant step to realize that the new structural 
design can be done too but of course the strength of the ship was a headache for 

the concept designer, for example, with regard to the promenade design. It was 
shown that the ship's strength calculations are successful even in this way, and it 

required little more than ingenuity. 
 

Interviewee 12: It is an advantage to have experienced people doing the design, 

people who have been involved for a long time. It is really hard to train for the 
concept design tasks; it also requires experience. 

 
Interviewee 6: All timetables were adhered to and things were agreed upon 

together so that design could always proceed. Sometimes there was a hell of a fight, 
but in the end, there was always a compromise made with which to go ahead. 

The result was that the ship was the best prototype ship project ever at this 
shipyard; both financially and technically it was completely successful. When both 

sides understood how to best run and finish this type of demanding project, it was 

quite a brilliant accomplishment. 
 

Interviewee 7: The capability of conceptual thinking is one of the important 
competitive advantages. That is one of the reasons why we have ship expertise in 

Finland. 
 

Interviewee 15: Expertise in the structural design of the hull is one of the 
cornerstones of what makes the Finnish concept design development exceptional.  

 

Experience and its meaning can be viewed from different angles. Generally, the ship 
design-related literature refers to the skills and knowledge that have been acquired through 
education or work experience. In the cruise ship industry, experience is associated with the 
cruise experience of passengers. A commonly used term is ‘guest experience’, which is regularly 
assessed through various surveys and indicators. Necessary improvements to the design are in 
general carried out in connection of the maintenance work and are considered in the design of 
new ships through the process of lessons learned. Expertise can be considered as one of the 
creators of experience in cruise ship design. Papanikolaou (2014) admits that IT is doing much 
to close the gaps resulting from the lack of experienced ship designers and engineers, the 
challenge, that is nowadays found in many parts of the world. This might be partly possible, 
but as stated by most of the interviewees and by Pekka Koskenkylä, the lack of practical 
experience regarding the construction or use of the product often complicates the performance 
of design assignments.  
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Figure 18. A passionate naval architect experiencing the Oasis’ flow rider (Photo credit: Iina Jokinen). 
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There are series of uncertainties during the design process of a cruise ship, and to solve those 

and tolerate the unstable path of the process the resiliency often developed through experience 
is required. According to Papanikolaou (2010), the methods of decision theory help to set 
criteria for dealing with uncertainty. Furthermore, the methods of decision practices became 
central with many interviewees as part of the design process. Expertise grows through 
incessant practising with various uncertainties in the design process, the experience gained 
from previous projects increases skills and knowhow after every round, and at the same time 
experience is one of the key elements in building trust in organizations and partnerships and 
clearly forming a bridge for the business and partnership continuity. Furthermore, experience 
and know-how were seen connected with the concept development, design teams and roles, 
and with innovation. The guest experience is linked with product differentiation, innovation, 
concept development in general, and the fear of mistakes from the end product point of view. 

 

About the future, Evans (1959) links the future, in addition to the owner’s ship performance 
requirements, 1) total weight and density of cargo or payload to be carried, 2) speed, and 3) 
length of voyage, with an economic analysis of the owner’s experience and future 
plans.Regarding the design phase, Evans focuses mainly on the development of technical 
characteristics and for the ship types other than cruise vessels. The future is basically 
mentioned once in the above context. This is explained by the fact that in the late 1950s the 
transition to the time of modern cruise ships was still ahead. 

 
Helvacioglu and Insel (2005) conclude about the method for an expert container ship design 

system that the integration of qualitative and quantitative methods is an important direction 
for future work on knowledge-based ship design technology. Nowacki (2010) takes up the 
knowledge gaps in design methodology and technical limitations of computer systems, 
envisioning a fully integrated support of the design process by future CASD systems in ship 
design. During five decades of CASD the quality of ship design has improved and the design 
process has matured, becoming more rational and more flexible. Nowacki (2010) is optimistic 
about the future opportunities in the development of further improved computer-aided ship 
design.  

 
From a future perspective, Pawling et al. (2013) adhere to the field of information technology 

and consider the integration of manual and automated methods for general arrangement work; 
they state that several methods and tools are available for the arrangement design in the 
preliminary ship design stage that integrate automated design development with manual 
investigation and decision making.  

 
Interestingly, Brett et al. (2018) consider the ship design process in disruptive market 

situations that are often unexpected and require rapid action from the organization. From the 
future point of view the questions in such situations are like these: In what context and market 
is the vessel going to operate and function and for how long? What would be the boundary 
conditions within which the vessel’s design solution should prove its expected performance 
yield – commercially, operationally, and technically – now, in the immediate future, and/or 
far in the future? According to Brett et al. (2018), it would be helpful to simulate future 
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scenarios in the conceptual design phase and virtual prototyping. Today’s modelling tools, 
when used properly, are an excellent way to accelerate the concept design and decision-making 
process.  

Often, the driving forces behind future scenarios and ship designs are new technological 
developments and the renewal of sectors of the business (Brett et al., 2018; Keinonen et al., 
2006) Another starting point for future designs is to anticipate the growth of markets, the 
opening of new routes, or the changing global environment, which have a strong impact on the 
business. One such example is the New York-Bahamas route, which may become profitable as 
a result of the increased speed of the ships being developed for the future (Keinonen et al., 
2006). 

Staying attuned to trends and the systematic tracking of information and the experience and 
vision of naval architects and designers contribute to the ship designs of the future. The 
amount of creative work involved in informal development studies of future cruise ships is 
significant and hence proper data availability, linked with modern design tools and a holistic 
view of the business and trends, will accelerate the design process and enrich the collaboration 
between team members. 

Interviewee 2: What is changing the business now and in the future is increasing 

environmental awareness and it is a sector that will be very much in focus in 
the next few years to bring cruises and all the related activities in line with 

sustainable development. The carbon footprint is being measured and the IMO is 
coming up with new and moderately tough targets. This will all change the entire 

industry and individual ship concepts considerably. Energy and energy sources, 
fuels, and the CO2 footprint and all that goes with it will play a big role in the 

concepts of the future. How energy is produced and so that it does not leave a big 

carbon footprint and everything that is done on board, like food, is first produced, 
transported to the ship in accordance with the principles of sustainable 

development, and how the raw materials are further processed on board, these are 
big questions. Everything related to air quality, and the various emissions that a 

ship produces in the form of exhaust fumes, drinking water, and grey water and 
their treatment is technically a very big challenge, and will certainly be reflected 

in future concepts very soon. 

Interviewee 14: Whether it is the LNG or material choices or food waste or 

whatever, ecological subjects now come strongly from the customer side. It 
comes because passengers want it. There is still a mystery concerning how much it 

affects passengers' ship choices, whether they cruise on this ship or that ship, but 
clearly ecology is the main trend. In addition, anti-mass tourism sentiment is on 

the rise; in Venice, for example, there is a huge desire for cruise ships not to enter 
the Grand Canal, or the challenges of mass tourism in Barcelona. Of course, this is 

not just about cruise tourism, but ultimately the question is what anti-mass tourism 
will mean in the end. Alaska is another place that is discussed a lot, like a small 

fishing village has eight cruise ships docking on the same day, so how idyllic a 
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fishing village it is any more in this case. I do not know at all what the answer to 
all this is going to be. 

 

Interviewee 3: Environmental stuff and exhaust gases; sooner or later someone 

starts tracking how many miles passengers are flying. And the flights that feed 
passengers for cruise ships are not short ones. At the same time, it is funny when 

the most environmentally friendly people, like Swedes, fly extensively to Thailand 
because it’s cheap; “Others think about the emissions, but I go where I have cheap 

food and accommodation.” 

 

Interviewee 13: In cruise tourism, all activities can be relocated with a relatively 

short notice period. As a result, the conditions for the growth of cruise operations 
are very good. When combined with the highly dynamic grip of certain shipping 

companies because of competition, this further fuel business growth. 

 

Interviewee 2: There are probably no terribly radical leaps; developments are 
taking place with technology and design tools are evolving, such as 3D modelling 

and the fact that several different concepts can be run and simulated in parallel, 
such as logistics or performance parameters, or the location and number of cabins, 

for example. New design tools have potential for the future, and all development 

work related to artificial intelligence will probably leave its mark on all this or help 
to learn about human behaviour. Artificial intelligence and other developed 

systems will certainly leave their mark on the concept development. 

 

Interviewee 7: Sensible data-based modelling tools and 3D game-based 
visualization tools should be available for the concept design. 

 

Interviewee 9: The current tools are not very suitable for the fast-paced design such 

as conceptualization. It must be possible to do ship design in 3D from the very 
beginning. Visualization of the design and concepts will continue to evolve. 

 
 

The contemporary and predictive design approach, in contrast to the sequential process of 
traditional shipbuilding, is designed to ensure that the guests on the ship will benefit from the 
latest innovations and technologies, not just those from the previous decade. Design group 
members enter each project acknowledging that the industry is dynamic, and that the industry 
tends to change based on the competition, economic environment, and customer value trends.  

 
According to the expert interviews, a ship’s concept design can be viewed as a structured 

process, but it can be argued that forward-looking steps within concept design happen in wider 
contexts that are hard to structure unambiguously. Forward-looking steps need not be part of 
a structured foresight process. Instead, predictive steps are creative, indeterminate 
perceptions of multiple future possibilities. Brett et al. (2018) most closely describe the areas 
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to be considered in the design of a cruise ship from a future perspective and reflecting the 
future with virtual tools, seeing great potential in simulations to accelerate new product design. 
The views of Brett et al. (2018) and Nowacki (2019) are in line with the predictions of the 
interviewees regarding the usage of new modern simulation tools and artificial intelligence in 
ship design. In this area there are high expectations, both in the science and practice overall, 
concerning new design and collaboration technology that would enable a more efficient design 
approach and a remote way of working in a world of increasing uncertainty about climate 
change.  

4.2 Co-creation of a complex object in modern partnerships 

According to Forbes (2018), innovation is the combination of clever new ideas and 
technologies with sustainably profitable business models. So the challenge is how we are going 
to convert those new ideas, learning, and technologies into a sustainable approach and long-
term revenues for the company. We must design our labs and accelerators to be able to extract 
insights and create value (Viki, 2018). 

A team working on new projects can adopt multiple ways of maximizing collaboration and 
boosting co-creation while minimizing the risks associated with an accelerated way of working. 
Regular and organized utilization of innovation labs for 3D model reviews and other design 
leadership tools, such as design charrettes,2 which play a great part in the conceptual process, 
support the initial experience of the effect of design choices on a ship’s overall features and 
feel. Rendering and virtual mock-ups play a crucial role in the design process by allowing 
clients to examine even the smallest of details before they are brought into existence (Rink, 
2018). Furthermore, early virtual reviews allow leaders and designers to identify possible risks 
and conflicts much earlier in the design process, and the reviews also help leaders to invest in 
more profitable options and experiments. The investment decision for a new ship is enormous 
in every way and in the front-end design phase regular evaluations through charrettes and 
programmed design checkpoints will help decision makers to understand if the investments 
and design that are made are for the “right” ship. 

The magnitude of large and complex objects demanding timelines and complexity of overall 
design and construction approach requires a seamless, transparent, and rich dialogue 
processed through a collaborative mindset. Every detail in the complex puzzle has to find its 
place to achieve cutting-edge features and innovations. The greatest key to success is the 
performance of the project team, their unceasing capacity to set the bar higher to ensure 
product competitiveness, and, at the end, to provide the ultimate in guest satisfaction. All this 
requires the right attitude; perseverance, determination, passion, courage, and a sense of 
responsibility of every single team member and leader involved in the design and construction 
of the highly complex floating wow-objects. 

The concept design is an interesting phase that defines the objectives and goals of the project 
and summarizes them for design documentation. The idea of setting goals may seem simple in 

2 A charrette, origin ‘Le Chariot’, is an event lasting a minimum of two overnights, with days of Confusion, 
Clarification, and Crystallization.  
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consideration of a small project, but the design job will be challenging if one thinks about goal 
setting and overall process alignment among a larger group. In every case, the key is to have 
clear articulation distributed to the team members to explain in detail the common goals and 
objectives and the design process practices and tools. Finding and following a common goal is 
already considerably more challenging for a large group than it is with one set by and for a few 
people. It is about having the same vision and having mutual understanding about the 
boundary conditions, about being able to look around the room and say that together we are 
going to design and build the most innovative and guest-centric ship that the world has ever 
seen (Hagel et al., 2018). 

 
In the very beginning, at the Dream stage, a small group of specialists embodying 

ownership, drive, and deep passion focuses on developing the ship’s preliminary specification 
and drafting the general arrangement. By the side of the visionary work, the agile team of 
process-oriented people from both the builder’s and the owner’s side start developing a design 
and operating model of the project to integrate people and synchronize their work and efforts. 
It is essential for this group to share the same vision and mission and understanding of the 
ambitions for the new concept, goals, identity, and boundary conditions from the very 
beginning. Furthermore, one of the key steps is to build on collaboration and a common 
working culture. Often, shared experience helps to create a trustful and transparent 
environment among the teams in the partnership, and thus the time spent together over the 
long charrette days contributes greatly to building a spirit of collaboration.  

 
The preferred outcome of the high-performing teams would increase efficiencies in each 

phase, shortening the total design time, from concept to detailed design, possibly by several 
months. The joint idea of the goal is “doing together and right the first time” in several phases 
by small, agile teams creating concept design evolutions, working in a close and transparent 
family-like partnership environment that enables swift information exchange between 
architectural design and naval architectural and technical questions daily. The main areas of 
the improvement focus on leadership-related actions, decision-making routines, meeting 
practices and reporting, project hours, and the opportunity to minimize rework. Further team 
empowerment, tacit knowledge sharing, and competence management are mentioned as the 
focus areas for senior leadership.  

 
Co-development partnerships are an increasingly effective means of innovating the business 

model to improve the effectiveness of innovation. These partnerships embody a mutual 
working relationship between two or more parties aimed at creating and delivering a new 
product, technology, or service (Chesbrough et al., 2007). Strategic partnerships with shipping 
companies, shipyards, suppliers, classification societies, and universities often form the 
founding pillars of technological development. To succeed with company strategy and 
priorities, the identification of strong strategic partners in the early stage of a new project, 
ideally before the start of the concept design approach, is highly recommended. 

 
For the purposes of new, next-generation projects, the technology development approach 

should also considered as part of the early design to enhance the structured development of 
new technologies in collaboration with contractual parties and other key technology partners, 
such as the main equipment and system suppliers. It is essential to take a more strategic 
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approach to technological development and innovation, including partnership selection, 
prioritized focus areas, and the management of a portfolio of new ideas. The areas that are 
prioritized are often in the field of the environment and sustainability, safety, operational 
efficiency, digital transformation, and novel features related to the guest and crew experience. 
During the concept design phase of a new ship project, future technologies can be mapped in 
an agile way, for example through venturing programmes containing boot camps and 
hackathons of start-up companies that have a special focus on new areas such as artificial 
intelligence and digitalization and design and the arts. In designing a co-development 
relationship and choosing partners, one fundamental analysis is to determine the extent to 
which one’s business model is aligned with that of one’s co-dev partner(s). Aligned business 
models are complementary; if one executes one’s model well, one’s partners will benefit and 
vice versa (Chesbrough et al., 2007). It is typical for cruise ship design that ship owners and 
shipyards, together with their partnering networks, are collectively developing more efficient 
ways to collaborate throughout the initial design phase. This approach requires trust and 
respect, commitment, persistence, resources concerning product and process innovation 
capabilities, and absorptive capacity while mapping out needs, ideas, and future trends in new 
ship concept development. 

In the cruise ship building sector, partnerships have generally developed as a result of very 
long cooperation. This often includes partners having experienced various types of crises over 
the years and learned to cope with difficult situations together. The ability to operate in an 
open and close partnership requires professional skills and different abilities from the 
representatives of the parties. Among the abilities that emerged in the interviews, specifically 
in connection with the design of complex cruise ships, special mention can be made of hull 
structural design expertise, as well as design expertise concerning complicated structures, 
among the other demanding areas of naval architecture and architectural design. In addition, 
areas of expertise related to the development and management of design processes can be 
mentioned. The right mindset must be found when designing and building high-quality cruise 
ships. First and foremost, comes the importance of trust and the ability to build trust. Other 
factors that are equally important are the ability to compromise and have mutual 
understanding, resiliency about modifications, and the capability to sustain an open 
conversational connection in multi-layered and demanding cooperation over the onerous 
design and construction phases.  

4.3 New design environments propelling transformation 

Ultimately, the purpose of introducing these new, more participatory design processes is to 
create a collaborative framework to elicit and utilize highly specialized “expert” end user 
knowledge through the lessons learned from the operations. This aims to facilitate 
communication between designers and end users to develop more user-centric, user-friendly 
design solutions on board ships (Ahola & Murto, 2018).  

In simplistic terms, the design can be described as delivering on a promise. A building 
information model (BIM) is a consumable commodity, not a capital investment. It is of value 
only to the extent that it enables organizations to fulfil their mission. The technology, process, 
and organizational investments required to implement a BIM are considerable and costly. 
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Thus, the return on investment needs to be justified (Coates et al., 2010). In the past, integrated 
3D design mainly included the routes of pipes, ducts, and cables only with standards and 
material components (Hellgren, 2016). This already improved production efficiency 
remarkably, but higher expectations are set for the new 3D modelling approach that fully 
integrates both architectural and technical design already in the concept phase of the new 
project. More efficient utilization of a BIM can also greatly facilitate development and the 
implementation of a highly complex specification and general arrangement. Hull shapes, the 
midship section, high-level system descriptions, building practices and milestones, cost 
statistics, and risk analysis can be integrated into the model and conflicts in the design can be 
seen and steered in one review instead of the traditional approach of multiple, often separate, 
reviews and analysis. This is simply one of the big wins that a BIM offers for cruise ship design. 

 
As part of more collaborative approach between the designing partners, the benefit of the 

implementation of the building information model to propel transformation and bring 
efficiency to the team’s daily design work is undisputed. The BIM consists of 3D modelling, 
information creation, design reviewing, and information sharing. Architects, designers, naval 
architects, and engineers, working with different design software, jointly can create a building 
information model of their design. The information in the model becomes more mature during 
the process and can be constantly reviewed, evaluated, and updated. The working ideology, 
with constant collaboration and iteration, also requires a new way of working and collaborating 
from the point of view of design tools. 

 

 
 

Figure 19. Model of BIM collaboration and outcomes (Lu et al., 2013). 

 
Collaboration between the teams can be made exceptionally intensive by using virtual 

environments such as CAVEs (Computer Assisted Virtual Environment), remote connections, 
data reserves, and BIM coordination. Modelling is an integral part of a modern design 
approach, ranging all the way from concept design to basic and detailed design. The key 
benefits of the BIM accrue from comparing alternative designs and implementing changes in 
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the conceptual design phase and in cost estimation (Tekla, 2018). A successful BIM process 
needs commitment from all the parties to follow the commonly agreed plan and timetabling. 

To derive the project success factors, it is necessary to understand the organizational inputs, 
outputs, and desired outcomes and these factors should be as closely linked as possible to the 
top-level goals of the business. Specifically, with BIM, there has been a lack of consistent fiscal 
benchmarking to evaluate the business improvements and gains from the adoption of a BIM 
(Gerber & Rice, 2009). 

According to Coates (2010), the success factors should be measures of risk to annual goals or 
strategic objectives. It has been realized that the factors enable information to be structured 
and presented in a systematic way for accurate measurement and observation of business 
improvements from the adoption of a BIM to occur. As a result, success factors can form a 
method for comparing the success of different BIM adoptions in terms of 1) measuring the 
quality of projects, 2) standardizing information and measurement process throughout the 
community, 3) setting appropriate benchmarking targets, and 4) recording the effectiveness of 
action. Most of the interviewees described new design tools as a radical change enabling better 
analysis and simulation of concepts that have raised the design work to a new level. On the 
other hand, BIM technology will not itself enhance the design and construction process, but it 
can enable more efficient and collaborative process. The key is that all project participants 
understand the purpose and role of BIM use in their projects. The most importantly, the project 
owners need to realize benefits of the management organized through BIM, after that they will 
ensure implementation of BIM approach to its fullest potential from the earliest phase of the 
project (Walasek et al., 2017).  

Interviewee 9: As long as I have been in this job, we have been waiting for when 

we could start doing concept design with 3D modelling tools from the very 
beginning of the project.  

Interviewee 1: There is a complete change in the design tools. We explored from 
paper drawing through 2D drawing to the 3D world, which happened quickly in 

two decades. 

Interviewee 15: In the future, there could be concept configurator tools that 
quickly generate a variety of alternative solutions. Of these, skilled people pick the 

best ones in good cooperation. A tool that could finalize solutions into functional 
products based on the feedback provided by the team. 

Interviewee 4: In terms of technology, such virtual simulation software has 
been used and developed for a long time, enabling an estimate of how the ship will 

behave in situations corresponding to the actual estimated operational situation. 
It speeds up decision making when different solutions can be presented in an 

understandable form. There is no need to spend a long time thinking about what 
the solutions are and whether they all understand them in the same way or talk 

about the same things. 
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Interviewee 15: Little by little, we are starting to take advantage of the fact that the 

tool itself can collaborate. This way, things will no longer be lost in the email or 
the conversation forgotten, but it will show up in the system and you can 

acknowledge that it is now done. 

 
Interviewee 6: Today, modern tools are put to good use so that information flows 
well between the shipyard, the shipping company, and the architects. There is 

tremendous potential to improve the design process further with new and 
more sophisticated tools. 

 

Interviewee 8: Now you can use these new 3D tools to view solutions within the 
space, and the exterior models can be produced faster by 3D printers. 

 
Interviewee 7: There will certainly be more of these 3D game-based 
virtualization models where you can view a ship from a slightly different 
perspective. We should get a sensible knowledge-based concept design tool. Maybe 

now could be the right time for this. 

 
Interviewee 11: Virtual reality is what we are talking about now. I do not think it 

would change the way we do concept design dramatically, but it’s a good tool for 
taking implementations forward. 
 
Interviewee 2: It is related to this development of tools that one knows how to work 

between different places. What has now changed is that the same model can be 
worked while one is sitting in Miami and the other in Turku. Yes, the tools are 

completely different from what they used to be. 

4.4 The importance of collaborative dynamics 

The collaboration between the main contractual partners is organized based on the shared goal 
of designing a ship which fulfils the expectations of the ship owner, the shipyard, and the 
cruising guests. The cooperation between different groups has probably not been problem-free 
and consistently harmonious. Many of the experts who were interviewed particularly noted the 
difficulty of coordinating the visions of the architects about the design of a ship and, 
particularly between architectural and technical designers, obstacles are often met in 
understanding each other’s needs. Concerns have been raised between the divergent views of 
architects and engineering experts, and in particular the attitude of technical designers to 
architects' understanding of ship performance and requirements, as well as economic aspects. 
However, the long-term experience of cooperation has had a positive impact and led to 
increased understanding on both sides. The contemporary views on operating practices 
between the partners also support the importance of seamless collaboration in building a 
successful product. 
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Strong collaborative relations are based on trust between individuals and partially by the 
experience with cooperation. Some of the actors have switched employer organizations at 
different times; they might have worked both for the shipyard and shipping company or a 
supplier firm. This, of course, brings a profound understanding of how the ship is initially 
designed and what things need to be considered. In addition to mutual trust between 
individuals and working teams, the ability to see things from another professional's point of 
view is part of the basis for trustful collaboration and interaction. Recognized professional 
competence and expertise increase trust between the working teams and leadership in 
collaborative partnerships. The main motivation for cooperation between partners is the 
willingness to pursue shared goals and engage in dynamic progression towards moving targets 
to produce good-quality work. This willingness, equal relationships, and collaborative abilities 
form the most significant basis for collaboration. 

Interviewee 4: In the concept design phase, plenty of work is generated by us or in 

collaboration with clients. When the concept develops a little further, then the client 
brings in their architectural firms. Of course, technology suppliers are nowadays 

increasingly involved.  

Interviewee 8: To know how to read the customer's wishes and keep those in mind, 
and in no way belittle either party. You need to be able to anticipate what you do 

with what the customer does, or where they pay attention. It was often the case 
that when a conference was held and the client was not quite happy with what it 

was, a new idea or thought had to be ready. And when negotiating, or going 
through a product, all you have to do is look for those ideas and think how the 

customer's wishes can be fulfilled. 

Interviewee 14: A prerequisite for the success of that cooperation has been, on both 

sides, that people wanted to do good work, and many issues have been solved 
happily because despite arguing, there has still been this feeling of creating 
together. It is understood, however, that it is a question about the joint projects. 

Interviewee 17: The most important is that in all operations there must be high-
performing teams, not dysfunctional teams but high-performing ones. Often 

there are mechanically functional teams but they do not bring added value. 

Interviewee 16: Two people or two groups or two companies work together in such 
a way that it creates added value, and that added value is shared between the 

two. 

It is challenging to assess the nature of cooperation accurately because it is strongly 
influenced by personal thoughts and experiences. Cooperation also varies according to an 
individual’s role in the project. It is evident that the role of collaboration is a significant part of 
the concept design and it seems to be strengthened through the years.  
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Communication and collective steps in the concept design phase involving the experts from 
different organizations are extensive and motivation to cooperate is, in general, high.  

 
The creation of a new design requires continuous interaction and rich dialogue between team 

members. The ability to communicate with people from different organizations and fields of 
expertise is highlighted in the interviews and classified as a skill of expertise. Furthermore, the 
quality and richness of the articulation, specifically about the design, are valued features. 
Often, experts with excellent rhetorical gifts are selected to explain the functioning and values 
of the new design. It is important to examine and understand the mechanisms of value 
transfers in design meetings and how different parties accommodate values in the design 
process to ensure that those same values be present in the final artefact (Le Dantec & Do, 
2008).  The ability to act as a member of a group and to mediate between different groups of 
international players is also classified as a skill of expertise. Trust between partners and inter-
organizational communication are closely linked together. The appreciation of a concept 
designer's work is based on their professional knowledge and broad understanding of the ship's 
operation and usage and the combination of these skills is seen as a core competency of the 
profession that builds trust between the contractual partners. Trust also enables people to take 
risks: “where there is trust there is the feeling that others will not take advantage of me” (Porter 
et al., 1975). 

Essentially, interaction and dynamism between partners are seen to be the outcome of long-
term relationships between firms and individuals. The inter-organizational cooperation in the 
concept design phase involves collaborative processes. The concept creation may start from 
the discussions of a small group and later, a larger group of experts are brought into the 
process. The ability to communicate new concept ideas in a multi-vocational community has 
been one of the key competencies, and as a reflection of trust. 

 
Interviewee 9: These are collaborative projects. Of course, building trust and 

thereby improving communication are absolutely the key success factors. 

 

Interviewee 15: Everything in this business is based on very strong trust.  

 

Interviewee 4. Most of the ship concepts they are supposedly collaborative projects. 
There is, of course, this creation of trust and through that, improvement of 

communication.  

 

Interviewee 8: Perseverance, learning from the past, and doing it together. There 

must be very strong appreciation in a successful partnership.  

 

Interviewee 7: If you have come to know each other over the years and you 
understand what the other party is offering and what the other wants, then it is 

much easier to talk and trust. So yes, personal relationships have an impact. 
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Interviewee 5: I suppose there is, in all its simplicity, this thing that both parties 
think passionately about their work. Then, through that, both have a level of 

professional competency made of iron, and mutual respect, so then it will carry 
itself from that point onward. 

One of the critical mechanisms underlying the exchange of knowledge is trustworthiness. 
Trust correlates with effective knowledge transfer. While benevolence-based trust improves 
the usefulness of both tacit and explicit knowledge exchange, competence-based trust is 
important for tacit knowledge exchange (Levin & Cross, 2004). Personal relationships can 
build trust, reduce relational stress, and increase the intensity of innovation-related activities. 
There is a crucial distinction between formal organizational structures and the complex 
informal social networks through which knowledge flows in practice. Rather than being 
designed or imposed in a top down manner, these structures have developed organically over 
time. As informal networks extend across organizational boundaries, they include the working 
relationships, collaborations, and exchanges of knowledge between individuals which are the 
result of the personal initiative of employees, as explained by Levin and Cross (2014). Trust 
between partners is built up with respect for expertise and long-term relationships between 
individuals, personal-level trust, and the relationships between key players in cruise ship 
design.  

4.5 Multidisciplinary excellence, a hallmark of high-performing teams 

Creativity and creative thinking are often associated with arts, such as painting or architecture. 
In cruise ship design, creativity is a multidisciplinary matter associated with engineering 
sciences, design, and future research is regarded as one of the principal sources of new ideas 
in the concept design. Naval architecture can be seen as a combination of art and science. To 
quote from Herreshoff (1953), “No doubt the shape of a yacht or vessel is influenced by so many 
factors that the necessary compromises and combinations may be best dealt with by art.” 
According to Cropley (2016), creativity is a fundamental element of engineering, concerned 
with the generation of effective, novel solutions to problems, while engineering and 
engineering design have a similar goal, focused on technological solutions. According to 
Levander (1980), managing and understanding the potential of different creative methods is 
an important tool for a technically skilled designer and engineer. Often, the most common 
method of creativity is to search for “variations” using a question list and the best way to solve 
technical problems is to put together an idea group. It is important to remember that new 
solutions always require proper information, but high levels of technical knowledge and the 
skills of the designer or idea group alone do not guarantee new ideas.  

As defined by Guildford (1950), creativity is about thinking and applying new ideas, not 
merely doing things in a way that is different or out of the ordinary. It is combining old 
solutions or findings so that the end result will be new. It is all about the product development 
and changing it to get an even better version. When combining creativity with business, it 
usually refers to either advertising agencies or technical inventions: a lift without a machine 
room, a new type of mobile technology or other technical enhancement, or intellectual 
innovations of the "Gyro Gearloose" style. However, these notions of creativity are too limited. 
Creativity spreads into all aspects of life and can be associated with any activity (Koski et al., 
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2005). A few different definitions of creativity follow. Koestler (1964) sees creativity as the 
ability to make combinations and combine separate frames of reference. According to Amabile 
(1996), creativity is the product of new and useful ideas or problem solving. According to 
Sternberg and Lubart (1999), creativity is the ability to produce work that is new and 
appropriate. According to Hardagon (2008), creativity does not require completely new things 
to be invented but is a combination of old inventions. In general, studies have found that 
measuring creativity is difficult. Regarding the interpretation of a creative approach to cruise 
ship design, the definition could be a combination of all those given above, as each new concept 
is the best compromise between new ideas and old inventions developed further. When 
considering compromise design solutions, the key thing is to understand the level of the 
compromise and its impact on the guest experience, which can seldom be compromised.  

 
In cruise ship design, professionals often associate creativity with the ability to innovate new 

ship concepts, new public spaces, wow features, service design for passengers, or innovation 
in materials, technology, or production. Less often, it will be thought that the processes that 
enable those new ideas to be developed into purpose-built end products are innovations in 
their own right. Something that is of particular importance is the continuous and sustainable 
development of these creative processes and practices, which are an integral part of the natural 
evolution of ship design. These processes are the force, the generator, which produces, through 
the involvement of high-performing experts with outstanding skills, the final concept of 
the ship that, at the basic design stage, is further transformed into a concrete construction 
design and plan of the ship as defined in the concept phase. 

 
Running the generator requires a team of highly skilled experts in various fields. Already in 

the concept design phase, architectural design is strongly linked with technical design, naval 
architects, designers, and engineers creating the design together and each party bringing their 
own expertise to the concept. At this stage, all the major technical elements will be examined 
in several rounds. The collaboration between design team members is very neighbourly and 
attempting to work “in silos” is prohibited. The design is done together with diligence and 
determination, within a well-defined plan and schedule. For the ideation phase it is typical that 
it includes more disciplined work than totally free brainstorming. The definition of ideas is 
hard work that requires a well-structured project plan and timetable because the success of 
this phase determines the success of the following phases of the project and ultimately the 
overall prosperity of the end product. The process relates to the statement of the architect Eero 
Saarinen: “New ideas and design are always created in a disciplined manner and it is a 
constant effort" (Jäämeri, 2006).  

 
Furthermore, the expert interviews also reflect the words of Eero Saarinen. Passion and 

perseverance were frequently referred to in association with the importance of professional 
expertise. Also, several other features were taken up in addition to creativity, features that are 
valued among the industry experts. Passion came to the fore. This was most often associated 
with a passion for shipbuilding, but also for one’s own duties, as well as continuous 
professional development. The passion and interest addressed to the continuous improvement 
of the product and business were highly valued. Passion was also seen as part of the courage to 
design and implement completely new and unprecedented solutions. Examples to be 
mentioned are e.g., the split hull superstructure developed for the Oasis class that enhanced 
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the design and construction of unprecedented structures and spaces, a solution that increased 
the number of balcony staterooms by almost twenty per cent. The most remarkable features to 
be mentioned are an outdoor atrium-type theatre with a deep show pool in the aft part of the 
vessel and an outdoor park neighbourhood with restaurants, bars, and shops below the balcony 
staterooms with a park view. Indoor promenades, cabin modules, and an ice rink, among many 
others, can also be mentioned as the results of innovative, solution-oriented naval architecture. 
The ship as a destination can also be mentioned as one of the key turning points impacting on 
the concept design.  

Other qualities considered important by the interviewees were healthy selfishness, a 
systematic and disciplined way of working, determination, perseverance, and a great sense of 
responsibility. If necessary, the team members were convened even during the holidays and at 
weekends and steps taken without looking at the clock to complete the plans as agreed. In 
terms of design, responsibility was also linked to implementation. It was appreciated that the 
designers understood how to design solutions that could be built cost-effectively with low 
maintenance costs. In addition, being able to have and create a holistic understanding about 
the project and business is also one of the appreciated features of the skilled leader or team 
member.  

Interviewee 11: There must be surrender and technical qualifications involved. 

Creativity is in different people and they are supported by people who know how 
to use a computer. In creativity, not nutty madness, but experience is needed to 

understand what it is possible to accomplish. 

Interviewee 12: It is the same for me, even though there are five people to help, if 
none of them know their job. I only need an expert who takes the task seriously. 

Interviewee 17: By this I mean about the process; I would say that what is related 

to successful concept development is how it starts, how people work, and what is, 
let's say, meeting practice, even though it seems obvious, but there are hierarchical 

meetings, very technical, and there are design-oriented meetings. What is essential 
in these meetings, which goes all the way up in the organization, is that the general 

understanding remains of what is being done now and what the big picture is; do 
not dive too deep into somewhere in a particular area that might be interesting, 

and then other important points are left out. The process secures keeping the 
concept in balance; the process is a necessity. It keeps the big picture in mind. 

Then there is the quality of communication, and the frequency of communication, 

so both are needed; specifically, the frequency is the key, but it also needs to be rich. 

Interviewee 15: A winning team with representatives from the client, the client’s 
architect, and the yard representing the relevant disciplines. They must have a 

common understanding of the goals. Not just about cost but understanding the 
added value to the customer and the combination of costs that brings about that 

winning solution. 
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Interviewee 15: Both are passionate about their work and both have iron-hard 
professionalism as well as mutual respect. That is where it all starts. 

 
Interviewee 15: High competence in structural design is one of the cornerstones of 

what makes Finnish concept development exceptional. When there is a passion 
for that job, then they understand it so deeply that they dare to do something that 

no one has done yet. I think it is really tremendous and significant. 

 

Interviewee 5: Expertise in hull design and strength is one of the areas where the 
industry is a light year ahead globally. You can honestly say that it is the cutting 

edge of excellence.  

 
Interviewee 7: Must perceive and manage large entities and must be able to 
communicate. A systematic and forward-looking approach is one of the success 

elements. Here you must prepare for winter, so you have to think the same way 
about how to survive onwards.  

 
Interviewee 9: Must be able to show and tell, be able to tell what the concept is like. 

There should be a kind of systematic madness. Today, you need to know how to be 
a team player to get the necessary experts along. And you get them to play 
together, so that there comes the expert who makes those good-looking 3D-

material, the one who designs the engine room, and the one who visualizes and 
draws the cabins. 

 
Interviewee 11: The concept designer’s headache was certainly the strength of the 

large midship sections, and to show that the strength calculations were successful. 
It then required little more than ingenuity.  

 

 

Figure 20. Young naval architects on their familiarization cruise on the Oasis of the Seas (Photo credit: 
Iina Jokinen).  
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4.6 Towards distributed leadership as a collective process 

The right to innovate inside the company is possessed by a limited number of people, such as 
managers, R&D departments, and top management (Chesbrough, 2003). However, most great 
ideas are not discovered behind closed doors by an exclusive group of people. They are 
discovered by people who deal with the everyday problems facing the customer and provide a 
service to different stakeholders. The notion is that employees from all levels of an organization 
can produce valuable solutions and by doing this bring a competitive advantage to their 
companies (Kesting & UlhØi, 2010). Smooth and seamless co-operation at the leadership level 
as well is a prerequisite for the success of large-scale partnership projects. Distributed 
leadership (DL) could be a productive model for ensuring the success of design projects. 
Leadership and the project management of each organization and team must be constantly on 
track with regard to the frequency and quality of communication between the teams and their 
individual members. In the event of difficulties, the management must react and provide 
guidance to the various parties so that problems can be resolved quickly to ensure that the 
progress of the conceptual design does not stop. This requires the investment of experienced 
middle management capable of guiding the design towards the preferred outcome. In addition, 
to reach each milestone on time, communication at all levels, but especially among the leaders, 
is a central element of timely decision making and key to a successful passage through each 
quality gate. In many collaborative projects with multiple partners, distributed leadership has 
become a popular “post-heroic” (Badaracco, 2001) representation of leadership which has 
encouraged a shift in focus from the attributes and behaviours of individual “leaders” as 
promoted within traditional traits, situational, style, and transformational theories of 
leadership (Northouse, 2007), to a more systemic perspective, whereby “leadership” is 
conceived of as a collective social process emerging through the interactions of multiple actors 
(Uhl-Bien, 2006). From this perspective, it is argued:  

“Distributed leadership is not something “done” by an individual “to” others, or a set of 
individual actions through which people contribute to a group or organization. It is a group 
activity that works through and within relationships, rather than individual action” (Bennett 
et al., 2003). 

In creative design teams, two of the management tasks are to organize a creative atmosphere 
for experts to produce material and to ensure that teams have productive, meaningful, and 
modern software tools and everyday workstations that meet the requirements of the project. 
Furthermore, the management responsibility includes monitoring teams to ensure that they 
remain on schedule and within budget and produce plans that are in line with the shared 
ambitions and boundary conditions that are strengthened during each leadership “talk and 
walkthrough”. In addition, the management's role is to act as an arbitrator for possible conflict 
situations, and ultimately, to provide time and an appropriate environment for the decisions 
that lead the work for a joint vision of a concept at the end. 

The leadership actions of complex processes, such as the conceptual design of a cruise ship, 
can be placed under three levels of project leadership:  
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 Enabling – Executives and Project Management 
 Administrative – Programme Management  
 Adaptive – Processes such as concept development  

 
According to Cannatelli et al. (2016), there are three forms of distributed leadership: 1) 

distributed leadership in the upper echelon of the partnership (DL-EU), 2) distributed 
leadership at lower hierarchical levels of the partnership (DL-LHL), and 3) distributed 
leadership beyond partnership boundaries (DL-BPB).  
 

 

Figure 21. An expanded model of distributed leadership in organizational knowledge creation 
(Cannatelli et al., 2016).  

 
During the front-end concept development phase, the importance of adaptive leadership, to 

challenge the thinking of the team members, is apparent. The role of adaptive leadership also 
deserves a focus because of its challenging nature. Complex leadership theory suggests that 
instead of adaptive leadership coming from a single source it is better for it to emerge from 
systems, processes, and social constructions. Additionally, the theory of distributed leadership 
discusses leadership as a systemic process rather than an individual act. By combining the 
research findings of these two research discourses we can critically learn and develop the 
leadership practices of the concept development phase (Heaslip, 2014). Shared and 
transparent processes are the key to the success of the project. In new-build projects the main 
partners and most of the network participating in the design and construction of a vessel will 
follow the same shared processes and milestone plans for collaboration. The actual work across 
organizational boundaries takes place in many different forums and on many levels. Often, 
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these processes are the result of evolution, unconsciously developed over the years in everyday 
work. 

Distributed leadership in the industry is described as a path from acceptance to alignment 
and finally to actions in three stages: communication, acceptance, and alignment. It starts with 
the first C, Communication, answering the question “Are we all on the same page?” Then the 
next step is to reach Acceptance, followed by Cooperation, answering the question “How do we 
split ourselves up in such a way that everyone is fine with the direction?” That would create 
parties for the Alignment and the real collaboration starts. If collaboration is achieved, then 
action is generated. 

Based on the processes, committees, meetings, and documents created and shared by the 
parties, there are multiple formal leadership and decision-making points that fundamentally 
already represent joint and distributed leadership between contractual organizations. In 
Figure 21, the leadership distribution in the organizations shows well an expanded model of 
the configuration and the factors, the key antecedents as enablers of trustful leadership in the 
partnership environment. To judge from the observations of several meetings, in such large 
projects there are also a lot of traces of heroic leadership expectations. In environments such 
as the shipbuilding industry, which have a high dependency between the customer and 
supplier, partnership models are becoming more common, bringing competitive advantages 
for both parties. In these complex environments, where the projects are steered by a number 
of committees, individuals, and even inter-organizational partners at the same time, it is 
crucial to understand the distribution of leadership from the perspectives of power distribution 
and organizational boundaries (Denis et al., 2012). In cruise ship design and construction, 
particularly regarding prototype vessels, there is a need to evaluate, steer, and guide the project 
at every step along the way. On the evidence of Iljin (2006) and the observations of the author, 
in general, titles such as concept design are not often met, but responsibility for the concept is 
decentralized for the entire team and the ship owner is also seen as a member of the design 
team. Organizations with concept designers often have distributed responsibility. The concept 
designer is responsible for the documentation, as well as the management of the concept 
design process. The latter takes responsibility for ensuring that, as the concept design 
progresses, all design-related aspects are taken into account, such as opportunities, 
constraints, perspectives, frameworks, and refinements. What is less noticed is that the 
management approach today is often distributed between the main contractual partners. 

Interviewee 15: The person was really good at making big decisions quickly, 

and that greatly helped the team to move ahead with the project.  

Interviewee 5: If there is a will to make decisions and want solutions, then in the 
end it happened fast. Despite the fact that the concept was born quickly, a fairly 

good result was achieved. 

Interviewee 16: It is important to have a mentality like “let’s even go through the 
rock to reach the right goals”. Nor should there ever be such an attitude of “this is 

right, I am entitled to do so”. Things are never black and white, but you have to, 
among all things, start looking for a solution that carries the work forwards. 
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Interviewee 16: But the cases like these are all new; with the development of new 

things that are not mechanical work and not exactly that core competency, they 
clearly lack leadership today. 

 
Interviewee 6: I faced leadership challenges in my role when both contractual 

parties, the shipyard and ship owner, were new to me.  

 
Interviewee 10: That person was the one who took things forward. Without him, 

that group would not have existed. He was that “Primus Motor”. 

 
Interviewee 12: Terribly often we started from scratch; I did not know what it was 
all about. Then I realized that when people do not know each other and they do not 

even know what each one is doing or their skills, it was a pretty shocking 

realization. 

 

Interviewee 15: I liked the way the leader acted. He made sure that there were 
talented and motivated people who had the conditions to do it and the kind of 

operating environment and way of working that produced results. 

 
Interviewee 2: If you are looking for a measure related to concept development, 
there are probably several of them. I do not really think there is a single indicator, 

but there are several metrics, and they measure a certain thing, a certain goodness 
of a concept. 

 
Interviewee 7: For the designer, experience is essential, and good statistics about 

the ship. And the general arrangement of a ship must be efficient without 
additional, unnecessary space, and the ship cannot consume much. You need to be 

able to calculate the ship's turnover at the concept stage, how much revenue it will 
generates and whether it is worth building. 

 

4.7 Summary of the considerations of concept design based on the scientific 
literature in relation to open-ended interviews 

Generally, it can be stated that the academic research on the design of cruise ships is very 
narrowly published, especially with regard to the early stages of the design process. The 
literature survey and automatic coding of the selected articles were framed for studies that 
address or mention the concept design of ships. It is noteworthy that the literature very rarely 
refers specifically to the design processes of cruise ships. Most of the research focuses on the 
processes, methods, and tools associated with either merchant or naval vessels.  
 

Generally, the literature mainly explains the design approach of ship types other than large 
passenger ships. The literature focuses on introducing design challenges merely from the 
technological point of view and presents various types of computer-aided tools and methods 
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to facilitate the design process, but fewer clear examples of the design process are available. 
The methods are very varied and it is difficult to say whether the methods that are presented 
have been successfully tested in practice, although, for example, the optimization method can 
also be applied in various disciplines in the design process of cruise ships. In general, the 
literature does not highlight complementary steps in the design process from the perspective 
of the ship’s early design process.  

The coded results of the scientific literature were compared (Figure 22) with the results 
obtained from the expert interviews. Based on the analysis, only a few common denominators 
were recognized. These include the most emphasized aspects, such as tools and methods, and 
considerations about the experience related to the skills and knowledge of design team 
members. Safety-related aspects are highly emphasized both in the literature and in practice, 
and are considered an area that is “never compromised” in ship design. Decision making also 
comes to the fore both in the literature and the practice, with particular emphasis on the impact 
of advanced computer-aided systems and tools on decision making as one of the key topics. 
The interviews highlighted the quality of communication between the shipyard and the 
shipping company, the historical factors impacting on collaboration and dialogue, and the key 
people's performance and rhetorical skills in challenging communicative situations where 
decisions are sought or influenced. 

Characteristic factors expressed by the interviewees that were relevant to the concept design 
of cruise ships were marginally presented in the scientific literature. A few that deserve to be 
mentioned are features related to partnership, collaboration, guest experience, innovation and 
future research, leadership, and attitudes.  

These issues were brought up strongly by all of the interviewees, especially the model of 
experiencing and improving the work together through the process in the design of prototype 
ships, understanding the importance of cruise experiences from an end customer perspective 
and taking experiences into account in the conceptualization, and the importance of 
forecasting the future, especially the assessment of future trends and the consideration of wide-
ranging issues in connection with climate change and other environmental uncertainties. In 
addition to the mapping of global trends, what was equally important was continuous 
monitoring of the consumption habits of different generations impacting on the cruise 
business and design of future ships. Attention was paid to issues related to leadership, its 
impact on teamwork, atmosphere, decision making, and thus on the whole design progress, 
encouragement, inspiration, and the spirit among a team.  

The combination of characteristics presented in both the literature and the interviews create 
a path for the elaborated concept design process of a cruise ship. The features, as outlined in 
Figure 21, form considered elements of the more solid process. In the design of a cruise ship, 
everything starts with an agreement between the two parties and a decision to start designing 
a new ship. The design is progressed through effective and close partnership, where the 
boundary conditions of the project must be under the control of both parties; these include 
safety aspects, which always come first, costs and the price of a ship, which correlate with the 
guest experience, design, and technology, and further with all the innovations that it is decided 
will be implemented in a new project. As is typical for complex products, there are many 
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uncertainties for which the best solutions are sought through joint risk management. The 
leadership empowered for distributed management practices support their teams and makes 
decisions to move the design forward on time and within the budget. Modern tools are essential 
to facilitate the designer's work and to improve risk management, decision making, and the 
quality of the design. Attitudes must be appropriate, and competences must be dimensioned 
to meet the requirements of the project, both at the leadership level and in the design and 
project team. 
 

 

   

Figure 22. The differences in the word clouds showing the disparity between theory and practice. The 
coding results of the literature (left) and of the expert interviews (right), with the common results 
(middle). 

4.8 Verification of critical success factors  

It has been noticed that from the perspective of the development of a new concept, it is not 
enough to track the performance of conceptual work in an isolated way but rather to make a 
team effort and use a collective approach in analysing the design performance. For this 
approach, the constant availability to the design and project managers of tools to monitor the 
design performance is essential in order to have measurable success factors with quality input 
at the right time linked with strategic objectives. These tools need to be used in a timely and 
effective fashion (Sanchez et al., 2010), with the intention of perceiving trends and reacting as 
quickly as possible, giving priority to the most urgent problems. Critical success factors (CSFs) 
are the limited number of areas in which satisfactory results will ensure successful competitive 
performance for the individual, department, organization, or, as in this case, for the project. 
CSFs are the few key areas where “things must go right” for the business to flourish and for the 
manager’s goals to be attained (Bullen & Rockart, 1981). 
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Through this work the critical success factors are considered for the front-end design, 
including all three steps: dream, ambition, and creation. The success factors can be considered 
as a kind of foundation for having a proper design steering approach. The indicators introduce 
a strategic viewpoint, and they are considered to measure the achievement of early concept 
design process. In the new design approach, the critical success factors can be introduced 
through the formal systems model (FSM) (Bingell & Fortune, 1984) and organized under 
components such as goals and objectives, collaboration, competence, boundaries, 
transformations, and continuity; see Table 10. To derive the indicators, it is necessary to 
understand the organizational inputs, outputs, and desired outcomes and the indicators 
should be linked as closely as possible to the strategic business goals. Specifically, with design 
tools, there has been a lack of consistent fiscal benchmarking to evaluate the business 
improvements and gains from the adoption of BIM (Gerber & Rice, 2009). According to Coates 
(2010), indicators should be measures of risk to project goals or strategic objectives. It has been 
realized that they enable information to be structured and presented in a systematic way for 
there to be accurate measurement and observation of business improvements. As a result, 
indicators can form a method for comparing the success of different actions in terms of:  

measuring the quality of projects
standardizing information and the measurement process throughout the community
setting appropriate benchmarking targets
recording the effectiveness of action

One of the most critical success factors is the quality of collaboration between the design 
partners and teams. In this area, the proactive approach between working teams is tracked, as 
are their utilization of collaborative tools, the frequency and quality of jointly held meetings 
and other activities, usage of the collaboration and governance guidance for timely decision 
making, knowledge sharing, and the capability of rich language between the working teams. 
Part of the performance review of the disciplined and agile way of working is observed through 
the follow-up of milestones that have been met, such as submittal timelines, timely closed 
actions, project plan implementation, raised flags, and the timely production and execution 
of corrective measures. The further utilization of modern tools, e.g., 3D/BIM tools, is tracked 
as one of the critical success factors. 

Regarding the leadership approach of concept design in general, there can be different types 
of leadership tools and tracking matrices created to serve as CSFs to follow up on the 
synchronized architectural and technical design quality. As a result of regular monitoring of 
the overall pulse health of different design areas the necessary corrective measures can be 
taken accordingly. Failure and error correction in the early design stage will not be as costly as 
in the later stages of the project. As stated by Koutsikouri et al. (2008), success in a 
multidisciplinary practice depends on active and continuous management of process and 
people, as well as an ability to improvise through frequent communication and reflection.  



93  
 

Table 10. Critical success factors from the interviews applied onto components of the formal systems 
model (Source: Fortune & White, 2006).  

 
 
Maturity and time management-related transformational indicators analyse both 

architectural and technical design schedules by forecasting whether the concept design work 
is on track to meet all the deliverables by the next milestone; furthermore, they measure the 
timeliness of design submittals by each designing party and also focus on steel and structural 
design maturity and how it is reflected in the other areas of the design.  

 
From the continuity point of view the CSFs are related to product attractiveness and 

overall competitiveness on the market. In cruise ship design, it is common that the 
competitiveness of the product is tied to the challenging design tasks. Furthermore, the key 
elements that are essential for business and partnership continuity are related to mutual trust 
and understanding and the capability jointly to manage crisis in the partnership and in the 
working teams. Shared values and key attitudes such as passion, perseverance, and a sense of 
responsibility are also seen as important factors, as are the skills of individuals, in the concept 
design of a cruise ship.  
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5. Orientation towards the front-end concept
design process

The main difference between the traditional and the new proposed front-end concept design 
approach is the more detailed sequencing of the different stages of the initial design through 
the Dreaming, Ambition Setting, and Creation phases before the traditional Mission 
Definition. Previously, the early design phase was a single phase generally named by Research 
& Development as part of the project design. Completing this phase according to the goals set 
for the project was particularly challenging even for experienced designers and project teams. 
Successful concept design was often carried out by the strong input of experienced 
professionals in separate project departments, each with a clear task and with the people being 
accustomed to working together. Based on the experience of the interviewees, the concept 
design could be carried out reasonably well without the process being very well documented 
and over-loading the design departments. The design was quite often processed according to 
system-based design principle and the new concept could often be produced by developing an 
existing design and statistics. Examples of this are series ships, often followed by slightly larger 
vessels with rather similar design and moderate changes in concepts.  

However, over the last decade, the size of ships and the complexity of the architecture and 
technical systems, as well as the number of interactions, have increased exponentially. At the 
same time, there can be other challenging changes going on in the organizations, such as 
generation change and the lack of sharing of tacit knowledge with the next generation, as well 
as the integration of ICT-based technologies to design manufacturing and ways of working 
(VR) and changes in the entire design philosophy. Often, transferring tacit knowledge poses a 
challenge and it is often shaded by, and connected with, the general learning challenge (Meyer, 
2010). In addition, new designers, and experts from other industries with limited 
understanding of cruise ship design processes, for example, are working in the industry and 
learning the art of shipbuilding through the job. The larger and the more sophisticated the 
prototype in question is, the more complex and multilayered an effort the concept design phase 
is. What is noteworthy for the project is that knowledge and resources are seamlessly and 
meaningfully combined by all parties involved. In terms of concept design work and the 
process steering of mega-cruise ship projects, from the beginning of a project it is all about the 
joint effort until the ship is launched for operation.  

The new concept design approach presented in this chapter provides considerations and 
aspects for a more structured early approach. The objectives of the front-end concept design 
phases (Figures 23 & 24), the dream, ambition, and creation with their mid-term reviews, 
can be defined and scheduled in such a way that the project contract documentation can be 
compiled more efficiently, with better quality and on schedule and by cost estimates. In the 
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case of large projects, the more transparent and cooperative the way in which the work is 
carried out, the more the open and collaborative way improves the trust between the different 
parties. This will also increase the common perception that all parties are designing the vessel 
that the ship owner and end customers would like to have and the shipyard, with its network, 
wants to build. The new front-end design phase added to the traditional spiral model is 
expected to have a transformational impact on design quality, timetable management, and cost 
estimates, and most importantly, on the competitiveness of the product and end user 
satisfaction. The aim of bringing new front-end elements into a cruise ship concept design is 
to improve the concept design phase and further to increase transparency, improve 
collaboration, and create a holistic integration between the ship's architectural and technical 
solutions, including costs, risks, and safety aspects, and ultimately, to foster continuous 
improvement in the field of guest experience and satisfaction.  

 
The approach differs from the traditional design process mainly because it allows multiple 

workflows to be stacked synchronously. The status of the design can be monitored 
continuously between different teams in a multi-professional environment, as well as in virtual 
design rooms. New technology and ways of working also enable an asynchronous work 
environment, especially between teams that work in various locations or time zones and also 
solving complex problems around the same table to expedite design development, converging 
architectural and technical issues from confusion to alignment and solution by team effort. 
Regular reviews and coaching sessions with veteran ship designers and builders are considered 
a great benefit that ensures tacit knowledge sharing. The process supports proactive design 
work and a team structure that implements corrective measures and a more agile continuous 
improvement faster and more easily than in many previous models. One of the strengths of the 
new model is strategically positioned risk management and financial and project programming 
resources across the project. In the new model it is expected that these expectations and 
challenges of the different teams will be managed more efficiently and at an earlier stage than 
before.  

 
On the basis of some experience of the author’s participation in recent large-scale projects 

coordinated in a partnership environment, the main findings regarding the possible challenges 
associated with the model were mainly related to collaboration and decision making, the 
integration of experienced peers into the process, and sharing objectives and boundary 
conditions early enough to guide the architects and designers and, furthermore, adherence to 
timetables, submittals, and other design milestones. Challenges might also be faced in the 
areas of internal and external quality control, especially regarding submitted design materials. 
It might also be difficult to have a radar process to communicate foreseen design changes and 
new features in a timely manner. An overall holistic and business-centric design approach with 
transparent complexity awareness, quick cost estimates, and future forecasting in the dynamic 
partnership process would require professional resourcing, and thus the team does not only 
consist of designers and engineers; besides, it is all about the large scale of the financial 
management. In large and complex projects, it may take a while to have clear and transparent 
status reporting in place; in solving this dilemma, it is preferable to organize a skilled and agile 
programming team to support project leaders.  Most of the challenges were related to the 
communication practices and tools among team members. Often, inadequate tools and a large 
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variety of tools and limited access or skills to utilize them complicated the process, thus 
affecting the quality output, timetables, and cost. 

5.1 Advanced front-end concept design approach 

Today, in the early era of the sixth industrial wave (Wilenius, 2017), the approach to concept 
creation is to encourage cross-pollination among design groups. Partnering with industry 
leaders, designers, and consultants in various geographical locations and time zones across the 
world can pose challenges, but the group credit combining talents and skills as core to their 
evolution and success (Hagel et al., 2018,) describing collaborative innovation and design 
processes. Increasingly, innovation is seen as applying to the development of new service 
offerings, business models, pricing plans, and routes to market, as well as new management 
practices. Companies are incresingly rethinking the fundamental ways in which they generate 
ideas and bring them to market – harnessing external ideas while leveraging their in-house 
R&D outside their current operations (Chesbrough, 2006). Many ship owners and shipyards, 
together with their partner network, are collectively developing more efficient ways to 
collaborate through the initial design phase. The approach requires trust, commitment, 
resources with product and process innovation capability, and absorptive capacity (Najavi-
Tafani, 2018) when together mapping out the needs, ideas, and future trends in new ship 
concept development.  

Today’s cruise ships are constructed with more than nine million parts that require over 
150,000 individual assembly tasks (Hagel et al., 2018). According to Levander (2004), the ship 
design process starts with a mission statement, the definition of the customer requirement. In 
this first phase: (i) task, capacity, performance demands, range, and endurance, (ii) rules, 
regulations, and preferences, and (iii) operating conditions, such as wind, waves, currents, and 
ice are defined (Ahola et al., 2018). A mission statement defined for future projects would 
include even higher levels of ambition and aspiration covering everything, including 
sustainable architectural design and technologies and the ship’s general arrangement, and 
focusing more on studies on the flow of passengers and logistics in addition to the guest 
experiences and services.  

In recent years, the demands and complexity of the architectural and technical design of 
ships have scaled fast. An increased quantity of facilities, staterooms, technologies, and 
systems must be adapted to the general arrangement, ship systems are larger and more 
complex, and the integration of new technologies with current and new structural design 
features is often demanding. Furthermore, all this requires exponential dialogue between all 
the design and building partners in the project network, showing that improvements to the 
process, as in the iterative early design phase, are also required to get the design right from the 
very beginning. According to Remes and Bergström (2018), the early, initial, and basic design 
stages are very important for the success of a ship project. The ship design process is complex 
and extensive, involving a large number of people and companies. The design process must 
stay systematic as it includes various stages and levels. The process is iterative, meaning that 
the amount and quality of information increases as the design work progresses. 
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The main idea behind the state-of-the-art front-end model (Figure 24) is to introduce the 
impression of qualities that drive the collaborative ship design approach through clear phases 
and quality gates (Cooper, 1990; Aaron et al., 1993), further introducing the critical success 
factors for a seamlessly interconnected vision and concept design, tailored to the subject. The 
aim of the new front-end phases is to synchronize design ambitions, including architectural 
and technical features, safety, cost and risk aspects, and the steering of the whole process. One 
of the benefits is that the process would allow greater maturity and completion of a greater 
percentage of the design at an earlier stage of the project. The interest in exploring and 
developing some new features for the conceptual design process of cruise ships is particularly 
focused on improving the process in a way that commonly set time, cost, and quality objectives 
are achieved more flexibly but in a controlled manner. The disciplinary aspect is brought 
through regular checkpoints and well-programmed quality gates, the method known as project 
management theory being commonly used in the new product development processes (Figure 
24).  

 

 

Figure 23. Principle of the front-end concept design approach with consideration of the success factors. 

The principle of this state-of-the-art model that is considered is seamlessly to connect the 
phases of the concept design phase with the basic and detailed design phases. Early in the 
dream phase, various long-term trend studies are proceeded, and the ideas gathered and 
generated by e.g., using the open innovation method (Chesbrough, 2006). The teams for the 
work can consist of both internal and external members; the more diverse their backgrounds 
are, the better the ideas that are generated. The ideas will then be further shared with larger 
groups and introduced to the business owners for further evaluation before being summarized 
and submitted for further development in the concept design phase. In the concept design 
phase, the selection of ideas will be further studied, developed, and evaluated based on 
different ship design aspects before the final reconciliation of the ideas and innovations that 
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forms the concept of the ship. The concept is then refined further in the basic design phase that 
follows the conceptual work.  

In the new front-end model working principles are recalibrated and more systematic 
practices penetrated in daily work. This differs completely from the traditional procedure, in 
which the collaborative partner network was narrow, working separately in “silos” and 
organizing joint workshops much less frequently. In the old way of working teams gathered 
mainly to solve problems or for design reviews. It was a rather time-consuming approach, and 
possible issues were often solved too late in the design or even in the construction phase. This 
inefficient approach often caused a higher cost of the design and final product. The front-end 
state-of-the-art model is considered to bring the required reliability and transparency and the 
necessary posture for the whole design work and early development of a new concept. The 
progress is continuously steered by architectural and technical, finance, safety, and overall 
risk points of view and reported further on different levels and between the organizations. For 
each area there are regular checkpoints programmed with critical success factors 
defined on top of the larger quality gate reviews. If there are issues pending in joint reviews, 
the necessary measures must be progressed, and issues solved before moving on to the next 
stage in the process. At the final checkpoint, management work groups ensure that the 
design is ready to be reviewed by the leading members. The reviews guide the whole concept 
design process. Decisions and requests such as design changes are addressed to the 
management work groups that are further distributed to the respective disciplines. It is known 
that participatory design methodologies generally engage end users and designers through 
group discussions, collaborative design exercises, scenario building, and problem-solving 
tasks. Common, shared objects facilitate communication across disciplinary and social 
boundaries to create a common language, share knowledge, and enable storytelling between 
stakeholders (Broberg et al., 2011).  

Further, the level of dialogue at the conceptual stage is already exponential between multiple 
partners who have sustained involvement in the project. All the areas, especially in the cruise 
ship, must work together, and are independent, but shaped and refined collectively to achieve 
cutting-edge design and innovations (Hagel et al., 2018). Through the increased workload and 
required dialogue needed in the design process of a large cruise ship, the concept design 
process descriptions are to be further developed and formulated in a continuously developing 
context and environment. Maintaining competitiveness requires a focus on the development 
of new operating models and processes, as well as capabilities to adapt creative design 
processes and models of collaboration. Collaborative open innovation seems to be the 
state of the art or at least a commonly shared belief regarding innovation strategies (Baldwin, 
2011).  

The new state-of-the art front-end refinement for the cruise ship concept design spiral 
includes the main elements of the traditional system-based spiral but launches a more 
synchronized and integrative approach including e.g., the coordination of an interactive 
building information model as a new element. In the model, the spiral of the concept design 
work is presented as a concurrent cyclical coarse-medium-fine process carried out through a 
joint effort of multiple teams consisting of key partners such as naval architects, designers, 
architects, engineers, futurologists, and suppliers involved in conceptual design. New types of 



99  
 

resources are also organized, especially smart programming skills for preparing, presenting, 
and implementing processes. The benefit is, by regular daily collaboration, to reduce the 
number of design loops needed to find a technically feasible and economically satisfactory 
solution, as demonstrated by the traditional spiral of system-based design. The new state-of-
the art process formula consists of several layers and today more spirals like that also support 
collective decision making instead of one voice. The new approach that is created also includes 
meetings on various levels and several design charrettes before the actual decisions are taken. 
The charrettes provide an environment where democracy materializes in terms of feedback, 
guidance, and decision making (Smith, 2012).  
 

Table 11. Comparison of the original and current form of the charrette (Smith, 2012). 

 
 
The concurrent design approach, in contrast to the sequential, multiyear process of 

traditional shipbuilding, is designed to ensure that the guests of the resulting ship get to 
experience the latest innovations and technologies, not the best thinking from years back. 
Group members go into each project acknowledging that the industry is dynamic and that 
things tend to change because of competition, the economic environment, and customer value 
trends (Hagel et al., 2018).  
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The joint effort is “doing more by a smarter and more agile approach” in several phases by 
small teams of specialists creating concept design evolutions together through intensive 
collaboration and structured road maps following jointly defined quality gates (Giebel, 2009). 
In the new state-of-the-art process arrangement (Figure 24), a more structured approach to 
envisioning phases, ideation, ambitions, and a proper conceptual creation after the vision of a 
ship has been formalized is employed. The content of the early design phase is well structured 
and programmed, with each phase having a clear definition of the accomplishments required. 
The work accomplished in the early stages of the project benefits the project in the basic and 
detail design phases, possibly making those phases more efficient in terms of reduced time and 
cost. 

Figure 24. New front-end process arrangement; “DAC with 3Cs” for a concept design of a prototype 
vessel.  

This requires working groups to adopt more efficient and transparent two-way cooperation 
that enables the swift exchange of information between architectural design, naval 
architectural, and engineering-related questions daily.   

5.2 Definition of the front-end design phase 

At the very beginning there is a dream about the new ship, followed by the definition of design 
ambitions and boundary conditions in the initial design phase. This front-end design phase is 
carried out in a well-structured manner and it has three main areas: general ambitions, novel 
technological elements, and boundary conditions. These categories include several sub-tasks 
and studies to be carried out during the front-end design phase, the ambition phase.  

Evaluations and considerations of the main ambitions are related to the subjects and 
outcomes of  

o trend studies, market analysis
o guest-related service concepts
o new guest experiences
o ship exterior and outer area studies
o architectural ideas and concepts
o sustainability, energy efficiency, and environmental development studies
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o operational efficiencies  
 
Boundary conditions include several items to be considered and worked further: 
 

o conceptual reference vessel 
o destinations, speed target, and other main parameters of the ship 
o passenger target group(s) 
o number of passengers and crew 
o suite and stateroom studies (size, concept, ratios) 
o target price indication 

 
Novel technology-related items, both naval architectural and technical, are started in the 

ambition phase and represent one large topic through the conceptual development of the 
ship, including future-proofed technology studies and the definition of performance criteria 
expectations. The outcome of the ambition phase is to have an aligned understanding about 
the overall product inspiration, including the architectural and technical direction and new 
opportunities, including the business cases, with an understanding about the target price and 
project timetable.  

 
A great deal of attention is paid to the projection of ideas, which forms a crucial part of the 

approach in the ambition phase. During the ambition phase the aim is to work on finding 
diverse ideas for the ship’s interior, such as for public and crew spaces, technologies, and wow 
features based on the boundary condition items and ambitions. The first drafts and sketches 
are created on the basis of set condition items and other findings in the ambition phase as a 
boundary and foundation for further architectural work. In this phase, the elements to be 
further brainstormed and developed through intensive multidisciplinary teamwork are the 
criteria for the development of the venue regarding public spaces, stateroom capacities and 
distribution, and the flows and logistics of both passengers and services. In this phase the 
development also goes on of the technological concepts and their impact on the product, tender 
and boarding concept ideations, energy efficiencies, environmental preservation, and 
sustainability. Overall, safety and security ideas and further studies, including the impact of 
new rules and regulations, are part of the approach. Naval architectural work takes place 
through the development of performance criteria and further definition, as well as attention 
being paid to the buildability and production-related studies. In addition, creative work on 
preparing and conducting architectural competitions is also carried out in this phase. The 
expected outcome of the ambition phase is to have a clear direction for the further development 
of diverse ship concepts with regard to ambitions and jointly defined boundary conditions, 
including risk aspects. At this stage, the first contractual agreement between the ship owner 
and builder may be outlined, with a preliminary idea of the characteristics of the ship, with a 
projection for the price indication.  

 
Based on the studies and documentation prepared during the ambition phase, the 

conceptual work will continue in the creation phase with a larger group of naval architects, 
engineers, architects, and other experts. In this fundamental design phase, the ship concept or 
alternative concepts are created in parallel with representatives of the ship owner, builder, and 
other partners, such as architects and technical experts. The concept(s) will be created based 
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on ideas, technology studies, and architectural competition. After the evaluation and 
reconciliation of the concepts, one is selected for further development in the basic design 
phase. This requires alignment and the commitment of all parties to accept the jointly 
developed concept. In addition, the contractual documents are developed, including the main 
papers, such as architectural and technical specifications, the general arrangement, stateroom 
layouts and other architectural material, the process plan, milestone plan, and price. 

Each of the three front-end design phases has been divided into three smaller sequences, 
Coarse, Interim, and Mature. These phases reflect the idea of three different milestones, 1) 
Review and Guidance), 2) Checkpoint, and 3) Quality Gate. For the concept design phase, the 
material has already been developed in the Ambition phase, in which the feeling and geometry 
of the ship has been defined in collaboration between the ship owner, the builder, and the main 
architect(s). 

The first step of this schematic design stage is called the indicative coarse phase, in which the 
submittals from the architect and other design partners follow the terminology, being coarse 
submittals. This coarse submittal has a rough geometry of the space and usability of the area. 
While this is in process, the architect also updates the BIM as a reference model for their 
design. This reference model is updated at certain time intervals, and the growing maturity of 
the concept is continuously visible for all team members through an updated model.  

While working on the coarse design phase, there will be regular checkpoints at which 
responsible persons representing the ship owner and builder communicate the state of the 
design further to their team members. The topics reviewed at the checkpoints consider the 
maturity of the design, the cost estimate, risks, and technical feasibility. If there are topics 
which need adjustments in terms of architectural or technical feasibility, immediate action is 
required from the responsible persons, no matter what the state of the design is. The topics are 
documented in the communication document, which also serves as a responsibility guide. This 
file is a key living document which is modified according to how information develops and the 
design matures and is shared with all the necessary team members. The communication 
document is utilized as a two-way leadership instrument in the quality gate reviews.  

The quality gate reviews, which are owned by the project leads of the main partners, are the 
key events at which the state of the design is reviewed on a large scale by all the parties 
involved. These meetings are held to ensure that conceptual design material is ready to be 
reviewed on the next level of meeting with decision makers. In the event of open issues being 
met at the quality gate closing reviews time will be given, depending on the size of the project, 
to implement corrective measures.  

At the end of the coarse phase a partnership alignment meeting will be organized between 
the ship owner, builder, architects, and possibly other parties. In this session the concept 
sketches and other related material are reviewed and there is a possibility that the direction of 
the conceptualization is further considered and steered.   

After the alignment session with decision makers, all the design partners have a short period 
of time to digest the comments received as feedback. After the conceptual material has been 
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completed, it will be released and further developed for the interim and mature phases, 
including all the aspects already mentioned, such as architectural, technical, cost, and risk 
aspects, together with many others that are often ship-specific items. These three submittals 
have, in principle, the same procedure, no matter what the name, but through an iterative 
approach, the amount of work should decrease towards the end, while the concept matures. 
However, as in any development project, but especially in the design of a new cruise ship, ideas 
evolve and multiply along the way. Thus, the amount of work at different stages may turn out 
to be greater than estimated and the work may not decrease linearly during the process. This 
is important to understand, especially in terms of resourcing, and to accept as a normal part of 
the long, rotating development process of a complex product. 
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6. Case – Split Deck House

“The head of the project planning department wrapped the latest general 

arrangement drawings into a roll and pushed them into a locked drawing tube. 
There would be long flights ahead to a meeting on the other side of the globe. Only 

a handful of key players from both the shipyard and ship owner were invited to the 

brainstorming charrette. Because of the nature of the project, the venue was kept 
secret until the very last minute of preparations. The new ship concept had been 

progressed for some years already, and now the parties were invited to come 
around the same board to present the plans and agree on the next steps. This 

marked the beginning of an exciting journey, the voyage resulting in the world’s 
largest cruise ship, the Oasis of the Seas, consisting of a completely exceptional steel 

structure and innovations.” 

Over the ages people have built iconic creations, from the Pyramids of Giza to the modern 
skyscrapers and space rockets. Some of these immense creations are sailing on the seven seas, 
like one of the greatest creations, the Oasis of the Seas, a cruise ship with a gross tonnage over 
225,000 (Table 12). Big ships like the Oasis are not built because of their size; instead, the idea 
with the Oasis was to have enough room to bring alive all those dreams and ideas generated 
over the years.  

The first seed of thought was planted in 2001, when the discussion of the highly ambitious 
project, under the name Genesis, was kicked off. The vision of Project Genesis was “Game 
Over” and the market was ready for something big, bold, and powerful. The shipyard, at the 
time under the name of Aker Yards, developed various out of the box concepts years before the 
project Oasis, introducing the hull structural revolution at the cruise trade fairs and seminars 
(Figure 25).  

The company, Royal Caribbean, together with its partners, dedicated the longest amount of 
time ever to this new class of ship. The conceptual work started in 2003 and took six years from 
inception to completion, with a number of collaborators working on the conceptualization, 
drawings, and construction. Several futurologists studied and analysed megatrends, such as 
where the world was going after “9/11”. Large-scale architectural competitions were organized 
with architects and designers from all over the world.   
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Figure 25. Scale model of the Pearl of Miami concept, representing wide-body hull with split super 
structure (Image credit: Kai Levander).  

Charrettes type of actions played a fundamental part in the design process; actually, the 
process was purpose-built around these events, which enhanced synchronized architectural 
and technical design development with team brainstorming. Through the systematic design 
development works the company was able to capture the right ideas and opportunities. The 
largest number of charrettes was organized for the Oasis project. The concept design effort 
brought in a new idea and notion of the Oasis, the seven neighbourhoods. The initial design 
process was very intensive; a big part of the design job was to organize the architectural design 
on the master plan and take a deep-dive focus to stitch different spaces and neighbourhoods 
seamlessly together. Guiding and managing the design journey, the like of which had never 
been experienced before, required deep dedication, passion, a restless focus, and transparency 
on the part of the design leaders of the architectural and technical design.  

 
The ambitious concept design process of this astonishing, game-changing cruise ship 

followed the familiar goals and objectives that ships’ options and amenities should be designed 
to be one-third traditional, one-third evolutionary, and one-third revolutionary. Famous from 
the Voyager and Freedom class ships, the Café Promenade and the Schooner Bar certainly 
represented a few examples of traditional features. On the evolutionary side, some of the design 
elements were expanded and improved, such as the promenade and the main theatre, which 
were similar to those on previous ship classes, but with many enhancements such as the 
levitating “Rising Tide” bar on the promenade to move slowly up and down between three 
decks. Revolution was introduced in the ship’s design as the dilemma about “the ratio of what’s 
outside to what’s interior was off”, solved by designing a 62-foot-wide, open-air interior core. 
The team of extraordinarily capable naval architects and designers worked hard to change the 
ratio of what was internal versus what was external. The Central Park, Boardwalk, and Aqua 



106 

Theatre were the new revolutionary outdoor venues that together created a natural flow of 
people through and between these spectacular areas. The new structural solution convinced 
both the ship owner and the shipyard that they were creating something truly unique together. 

Table 12. The Oasis of the Seas in numbers. 

6.1 Ambitions and competence demonstrated in the “Christmas Tree” 

From a time perspective, there are long processes involved in the design of a new generation 
of mega-class cruise ships. It took a few years, for example, with Oasis, before proceeding to 
the specification stage. The successful concept phase is such that the vision of the ship and the 
dreams, ambitions, and goals of the customer are processed in such a way that the ship contract 
can be effectively massaged after key features of the concept are defined. In demanding 
projects, the finalization of concepts often must be completed at the beginning of the basic 
design phase and sometimes the concepts of certain spaces or features are modified at an even 
later stage if it is found that some detail does not meet expectations. However, this is not a 
desirable course of action, and efforts should always be made to finalize the concept before 
progress on the basic design starts. 

Figure 26. Example of the front-end design process (Dream, Ambition, Creation) of the Oasis’ Central 
Park. Details introduced are according to publicly shared information about the concept development 
and main milestones of the project. 
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Whether it is a question about the concept of either a ship or a space, the key design 
questions, the mission statement, need to be reviewed and ensured. In the concept phase, the 
structural system, escape routes, routes for people and goods, fire safety, and the space 
reservations of technical systems are processed with reasonable accuracy. While 
conceptualizing, plans are not reviewed at the level of detail, but space reservations are shown, 
and they must be realistic in terms of the operation of the whole and in terms of cost and 
weight. Simulations of all special structures, such as the Central Park, are recommended at a 
very early stage of conception to see how they work, the ability to draw up the main structural 
arrangement of the ship and all the spaces defining elements and connections relating to the 
hull. 

 
The vision and ambitions for the features of this mega-class ship were on quite a different 

level from ever before. The plan was to build a completely unprecedented cruise ship that 
would provide eye-catching features and ultimate holiday experiences for all generations of 
guests, a ship that could also provide a showcase for naval architectural excellence.  

 

  

Figure 27. Dreams. Generating ideas for new wow-features (Photo credit: Alamy).  

Interviewee 17: In general, it is important that at the specification stage where the 

contract material is prepared, the major features of the ship should be known quite 

accurately. It would be desirable for the customer to know what kind of ship is 
being bought and the yard should understand what kind of ship is being sold. The 

success of this phase requires a successful concept phase. If the main features of a 
ship are not known at the time the ship specification is made, it can be said that the 

concept has failed to some extent. 
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The creation and design of the passenger spaces was demographically driven. The public 
spaces, staterooms, and suites were arranged in a new way into larger entities, the 
neighbourhoods. To equip as many cabins as possible with windows and balconies, the cabin 
areas were divided into two towers that protruded beyond the waterline. In total, the ship was 
able to accommodate 2700 cabins, more than 76 percent of them with a balcony. In the middle 
of the towers opened one of the industry’s most innovative design features, longer than a 
football pitch and open to the sky, one of the neighbourhoods, the Central Park. This 
remarkable tropical open space combines nature with nautical landscape architecture, marine 
engineering, and architectural design.  

Figure 28. Ambitions. Scale-model prepared for the Central Park charrette (Photo credit: Jouni 
Saaristo).  

A fundamental part of the project was the design of the Central Park, which had never been 
done before on a ship. The Central Park is an elegant “town square” with several alfresco dining 
options and more than 300 staterooms, which rise six decks to overlook the Park. In terms of 
strength, these two separate towers, with their structures rich in glass and openings, were 
unprecedentedly challenging in their design work. The challenge was compounded by the 
ship’s large, long-span spaces, where bulkheads could not be placed to support the structures. 
A great challenge was presented by the movements caused by the vibration, which had to be 
eliminated.  

As the size of the ship's hull increases, the problem arises from its possible exposure to 
specific oscillations, as the natural frequency of a large structure is low. In this case, for 
example, a wave may arouse it; one finds the vibration of a frequency of about a hertz very 
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unpleasant. As the size of the ship increases, the wave load increases at the second potency of 
the length. As a result of the large size and the exceptional structural concept of the hull, the 
frame had to be dimensioned according to, for example, torsional loads and the required 
docking strength had to be precisely defined. Low-frequency oscillation was calculated in the 
time level; it was estimated as vibration doses calculated for each of the more than 60,000 
points in the design model. As the strength and vibration characteristics are characteristics of 
the hull, a preliminary direct calculation had to be made already at the concept stage of the 
ship. It is practically impossible to change the ship concept afterwards. The calculation was 
based on a model created for the Voyager of the Seas, built ten years earlier.  

 

 

Figure 29. Creation. Full scale mock-up prepared for the live experimental decision making event 
(Photo credit: Jouni Saaristo).  

From the very beginning, the Safe Return to Port aspects were included in the design process 
to meet the new SOLAS regulation adopted by IMO resolution MSC.216(82), which entered 
into force on July 1, 2010. The regulation requires passenger vessels with a length of 120 metres 
or more, or with three or more vertical zones, to be designed for improved survivability. 
Literally, in the event of a flood or fire emergency, passengers and crew can stay safely on board 
as the ship proceeds to port under her own power. It defines a threshold where the ship could 
return to port without the evacuation of her passengers. The scale of the SRtP compliance set 
such a great challenge for ship design because many systems were doubled or their function in 
a damage situation needed to be secure in some other reliable way. The Oasis’ six massive 
engines, with a total power of over 97 megawatts installed deep inside the ship’s heart and the 
propulsion power of 60 megawatts, made her one of the most powerful vessels ever to perform 
a safety mission.  
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Interviewee 17: After all, the hull is like a Christmas tree on which the decorations 
are hung, forming the platform on which all those nice things are. It is fundamental 

to understand that the structure, the Christmas tree, is functional and realistic and 
its weight is known. It is important to have a clear view of its strength and 

vibration behaviour, other movements, and changes in the hull form in different 
conditions. Regarding any special structures, it must be ensured that the large 

special outfitting structures are functional as part of the whole. The stars on the 

tree are precisely these special structures and spaces. Care must be taken that the 
Christmas tree can carry all the decorations, on the other words, the different 

solutions and passions of the ship owner. 

6.2 Passion for continuous improvement 

The Oasis was the largest creative partnership project in which design work was organized 
through multidisciplinary expert teams collaborating in and between multiple locations 
globally. The effort required 1.7 million engineering and 0.5 million architectural design hours. 
In total, about 12,000 man-years were needed to design and build the ship, and the work was 
done by more than 900 partnership network companies in addition to the building shipyard. 
The degree of domesticity of the project was estimated to be about 80 per cent. The Oasis of 
the Seas was Finland's largest single export product, together with its sister ship the Allure of 
the Seas and the most incredible new-build launch in the era of modern cruise ships, on the 
eve of the sixth industrial wave.  

The Oasis of the Seas was designed and built in close collaboration by high-performing and 
competent experts in naval architecture, architectural design, product design, marine and civil 
engineering, and ship construction and operations. The hull strength and vibration 
engineering, responsible and demanding design work, was in the hands of a passionate team 
of structural designers and engineers representing the building shipyard, team members, and 
consultants of the ship owner.  

In such a challenging design task one of the critical success factors is related to team 
dynamics and the quality of collaboration. From the very beginning, a holistic approach was 
required, and it was expected that the design team would see relatively fast where there were 
opportunities, then utilize the team’s full potential to perceive the whole design at a very early 
stage. It was expected that the experts who were selected would take an approach that was 
courageous enough to dare to embark on an unclear path but be capable of quickly outlining 
the details that were essential or less so for the concept. The designers would also have to be 
able to identify the change factors that allowed the concept to progress onwards. Overall, the 
group of experts selected for the task had to retain an open mind and resiliency in the face of 
all the issues involved in designing a ship of that size and complexity, with spaces and features 
never seen before.  
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Interviewee 18: The Central Park was the most interesting as it became a better 
success story3 at the end (Figure 29.). At the beginning the design of the area was 

driven like any other special project by a large number of steel experts, but with 
live greenery. The initial thinking about the design was not what is seen there 

today. An essential part at the beginning was a series of rolling hills covered with 
grass and with skylights on the side and the collaborative approach of the best 

competence available was brought in; structural designers, landscape 

architects, scientists, specialists in aqua culture and microclimates, fauna and flora 
experts to study how the living elements are maintained onboard and how the 

complicated water and drainage systems should be organized. Rolling hills with 
the grass brought in great uncertainty of grass surviving under the sun. To test 

this, a piece of special machinery and a mock-up of the hills and grass were 
constructed. A walking wheel with shoes moved up and down the hill testing 

the foot traffic, and the day and night impact on the grass living was measured. 

No matter what the team did, the grass would not become a surviving element. 
After the hills and grass were abandoned, the area developed more as a park. Over 

the Christmas holiday the team members on different continents worked 
tenaciously and changed the concept to more flat walkways, more daylight, 

more like a park with 56 living trees and more than 12,000 plants. To test the new 
idea for the Central Park, a 1:1 scale mock-up was built with the Turku 

shipyard. It was a large, trussed construction covered by huge pieces of fabric 
that were installed on the sides of the structure with the design printed on, indoor 
balconies and other details, and area lighting was also set up in the place. After 

the mock-up was completed, a great number of decision-makers joined dinner with 
music and lights, to regain trust for the further-matured new idea of the concept.  

 

The approach described above clearly demonstrates the importance of understanding and 
having the courage to react to design risks at the very beginning, and not being afraid of failure. 
The group could not get stuck in the problems but instead aimed to see the potential of the 
concept and find a way in which the entire complex design could be made to work. At the end, 
the team was in a better place with new transformational ideas compared to those in the initial 
concept. Great perseverance on the part of the team members was essential to push design 
solutions through, to handle, promote, and fight for them in their own and partner 
organizations. The famous characteristic of “sisu” – grit, bravery, resiliency, and hardiness – 
describes well the spirit, attitude, and effort shown by the entire project and design team. The 
working group also benefitted from the previous experience of collaboration in a preceding 
ship class, being able to understand what the other parties are thinking and how they work. 
The socio-psychological eye in design collaboration on this scale is seen as one of the key skills 
of team members. On the evidence of the expert interviews, one-third of ship design is based 
on engineering, theories, and methods, one-third is based on strong persuasion, and one-third 
is psychology and politics. The latter represents a certain skill, a way of cooperation, by which 
the designer’s will can be promoted both in their own and the counterpart organization. 

 
3 The highlighted terms refer to the CSFs such as Business-Centricity Creativity, Collaboration, Competence, 
Innovation, Perseverance, Time, High-Performing Teams, Shared Vision and Values, Resiliency, Virtualization, 
Partnership, Trust, and Decisions.  
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According to the expert interviews, since the Oasis, cooperation has become more complex, 
followed by the product and decision-making patterns. Organizations, collaboration, and 
communication, the whole operational environment, have become more challenging over the 
past decade. The experts consider that this may increase uncertainty and slow down the design 
and construction processes of future projects.  

Interviewee 17: There should be an iterative design process, ideally a spiral or 
similar which converges. Inevitably, you run iteration rounds several times and 

check out the key points. It is even allowed that it does not always converge, but if 
problems are detected in a round or new desires arise, dispersion is allowed. Rotate 

the roller continuously. What is typical is a large circle that converges towards a 
perfect result. You rotate those rounds and aim for that to converge but would 

allow scattering if there are good reasons. 

The front-end design phase starts from the dream phase (Figure 27) that focuses on main 
activities such as idea generation, design and technology ambitions and boundary conditions. 
The design work of Central Park included future trend studies, field trips for idea collection 
and search of key design partners. Further the high-performing design and project teams were 
created and meeting practices for the workshops and charrettes programmed. First ideas were 
drafted and the design work kicked-off in collaboration with the key designing partners. At this 
point, there is still a lot of confusion and the development of collaboration between team 
members will take time before a productive rhythm is reached. 

Ambition phase (Figure 28) of the design approach starts to bring more clarification and 
holistic understanding of the product inspiration, both architectural and technical. Ideas 
created in the dream phase or even earlier were evaluated and testing of features started. Team 
focused on concept development with help of renderings, scale models and mock-ups. 
Development of general arrangement and technical specification improved in parallel with 
necessary calculations such as hull strength, noise and vibration, wind studies and many other 
analyses, like the survivability of the grass as demonstrated by the Interviewee 18.  

Design of the space started to mature in the creation phase (Figure 29), the ideas and 
solutions began to crystallize for the team about the details and features that required redesign 
or alternative concept, like the idea of the large grass field (ref. Int. 18). Team was forced to 
deliver the alternative design at very late stage of the front-end design phase and testing of 
living elements such as trees and plants continued with great focus on the micro-climate and 
watering system related studies. Approval process of safety aspects such as SRtP, larger fire 
zones and many other technical solutions with the authorities was organized. Full-scale mock-
up was built for the live experimental decision-making event.  

At each design stage, it is desired to draw up the main structural arrangement and check the 
escape routes, fire safety and space allowances, and the weight of the technical facilities. It is 
essential to have a clear state of mind to do things iteratively and identify what is relevant at 
any stage and produce material for feedback after each stage. It is necessary to obtain feedback 
and direction in between; it is essential even though the final solution is as yet unknown. 
Reasonable material must be produced at each step to get information about the direction. It 
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is vital to focus on the big design questions and items at an early stage, often starting to crumble 
the details even though the large systems are not yet known. The definitions of the workgroups 
have to be organized precisely, with small work groups being preferred to large workshops, and 
the right people must be on the scene. A challenge is met when there is a large group of 
participants in workshops and charrettes, 20 to 30 in the same room and something small is 
being worked on there, like “let’s fit the toilet brush into the toilet”, and the big things are 
unclear. Everyone needs to have a holistic understanding about the key steps at this point and 
the turn to details comes at a later stage of the iteration. It is essential to understand the course 
of the spiral. Not a constantly converging spiral; when knowledge increases the goals will 
usually change.  

 
Tools and work environments have evolved tremendously over time and as work has 

changed. Today the strength and vibration calculations are modelled and simulated reasonably 
fast, as are the three-dimensional models such as the exterior of a ship. At the time of the design 
work on the Oasis, it was not yet possible to utilize a common 3D model in its full extent, but 
over time the utilization of these collaborative tools has evolved swiftly. In general, the design 
phases benefit greatly from a clear common process, operating model, and joint tools shared 
between ship owner, shipyard, and architects. With complex projects and organizations, 
change is slow, and timetables are often set too optimistically for the challenging 
environments, and furthermore the design approach is often initiated without the content of 
the design process being sufficiently defined. 

 
After the design phase of the Oasis, the first plate was cut in March 2007, and the maiden 

voyage was sailed in December 2009. The time spent building a ship of this size was used 
extremely efficiently compared to her predecessors, the first vessels in the Voyager and 
Freedom Classes, and certainly influenced by the initial design phase of almost three years 
from the first idea to the concept. The Oasis of the Seas set a world record when she was the 
first cruise ship to carry the full potential number of paying passengers. Before the start of 
cruise operations, she was “piloted” in the North Atlantic in high waves during the transfer 
from Finland to the Caribbean (Figure 30). Already during the transfer, the ship behaved 
correctly and completely according to the calculations. The mission was perfectly 
accomplished. It can well be said that Finnish ship design, and in particular, the structural 
design expertise, culminates in complex large passenger ships, very often prototypes, such as 
the Oasis. These mega-class vessels pose such a huge risk both for the shipping company and 
the shipyard that test pieces cannot be afforded. The Oasis of the Seas was a series of step 
changes in the ship owner’s and the shipyard’s history, the ship where the company’s mission 
for the future and its innovation strategy were implemented in the finest way. Megatrends are 
very hard things to predict, to know the features of life in the future, consumer desires, and 
behavioural changes. Nothing in the industry has been able to stand the test of time in the way 
the Oasis ships have. The Oasis, in her unique attractiveness and competitiveness, is a success 
story of timeless design demonstrating the evolutionary path of trustful and passionate 
partnership. 
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Figure 30. The Oasis of the Seas (Photo credit: Jouni Saaristo). 
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7. Discussion 

The aim of this research has been to navigate into the world of the early design phase of a cruise 
ship, and to illustrate key features and challenges of concept design regarding a complex high-
technology object where the experiences of end users are at the centre of the whole design 
approach. The primary motivation for conducting the research has been the desire to 
understand those features and factors relevant to the success of a new cruise ship concept. The 
expertise and experience shared by the expert interviewees upon these questions opened a 
much broader perspective and through their experiential stories a special touch and depth was 
brought to this project. This study also holds true in the sense that research material on cruise 
ship design and design development is narrowly available. The original idea for carrying out 
this study arose in the context of a history-oriented collaborative project that collected 
information on the various turning points of cruise ship concept design over the past fifty years. 
That study highlighted the need to examine the concept design process of cruise ships and the 
functioning and nature of its initial phase with regard to the development of modern cruise 
ship concept design. 
 

Based on the comparative results of the scientific literature and practical examination 
through the expert interviews, the study presents those significant features and factors of the 
concept phase that affect the success of the whole project and which can be recommended to 
be considered when preparing and organizing the concept design work of a cruise ship. 
Naturally, as it is a question about ship design, there are similarities and anomalies between 
the science and practice and the complexity of ship design in general is stressed in the scientific 
literature (Singer et al., 2009; McKenney et al., 2011; Evans, 1959; Ulstein & Brett, 2015). As 
considered by Papanikolaou (2010), the major design objectives that are considered are 
performance, safety, and risk-related aspects, and cost. In cruise ship designs the same 
objectives apply, but a major part of the design work is addressed to the guest-facing design 
and architecture, service design, and the logistics of people and goods, including the cruise 
concept and programme, in order seamlessly to follow the design themes and features of a ship. 
In the design process various compromises must be sought in design solutions, but they cannot 
be made by degrading the customer experience. 

 
Furthermore, based on the expert interviews and observations of the research material, the 

idea of structuring the whole concept design phase was considered. As a result of the analysis 
of the research material including the viewpoints of the interviewed experts, the new idea of 
the design phase staggered into the three sections that were introduced was created. The 
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purpose of the front-end phase is to outline the product vision and mission statement more 
precisely and lay the foundations for organized and systematic conceptualization that prepares 
the concept for the next, basic design phase. The purpose of the front-end phase is to study and 
define the ship's main technical, architectural, and operational aspirations as a functional 
entity so that it is profitable (Dowling, 2017) for the product portfolio of both the shipping 
company and the shipyard (Nowacki, 2010). The approach enables consideration of an 
alternative design and would enhance the timely closing of certain key design features 
impacting on the structural design of the ship. In the traditional models, the conceptual work 
progressed in one section defining the main tasks of the phase, which very often lacked the 
definition and scheduling of subtasks. Schedules for mid-term reviews were often considered 
incomplete, causing delays to the design because of the pending guidance, direction, and 
synchronization of the work. 

Concept design is a significant step in the design of a cruise ship, and it is essential that the 
design tasks are clearly staggered with mid-term reviews so that the necessary guidance for the 
plans and design is obtained in a timely manner and the concept created according to the 
boundary conditions is submitted on time for the next design phase. The new model is believed 
to bring greater clarity and a more systematic approach to the concept design work, as well as 
timely decisions through organized management and the opportunities offered by new design 
tools connected with artificial intelligence. In addition, the focus on the development of the 
model was on the creation of disruption in the front-end design process as discussed by Brett 
et al. (2018) and Keinonen et al. (2006) through a new model so as better to meet the changing 
design requirements and other disruptive effects on the process. The possible challenge that 
might be met with the new model is related to the combination of the timetable and the size of 
the ship; an experienced project planner can easily adjust the timeline and shorten the 
sequences for smaller projects, but if less attention is addressed to the early process planning 
and programming, that might result in too extensive a concept design approach for either a 
smaller or sister vessel. In the design of a cruise ship, people are at the centre of everything. 
The product is designed from the passenger's point of view, and in the design, people produce 
ideas and thoughts and implement the plans. Computers just aid the design work, speeding up 
the process and providing more accurate calculations and measures. However, the design 
solutions are reviewed by people and approved empirically. But the approach is difficult to 
automate and outsource to machines. 

Furthermore, regarding the composition of the team, the importance of competence and 
experience is observed to be seldom sufficiently considered. It has been trendy to create teams 
consisting in large part of newcomers whose experience with handling demanding design tasks 
has been limited or whose experience has been gained from other types of tasks, such as 
operational duties with completely different task-specific requirements. In ship design, it 
makes sense to identify the person’s reputation from previous projects, i.e., their level of 
competence based on experience. For the creation of organizational knowledge as explained 
by Cannatelli et al. (2016), it would be a recommended idea to carry out the orientation of new 
people through the design process of a sister ship and that the transition to a pure prototype 
ship design project would be considered only after a few projects of that kind, depending on 
the performance shown. Learning in cruise ship design and construction takes at least one ship 
project from the very beginning of the process, and this well-recognized old principle should 



117  
 

never be underrated. If it is ignored, it can easily become costly for both the shipping company 
and the shipyard and thus cause problems throughout the entire network. The design of a 
prototype ship must follow careful consideration in the selection of team members and to 
ensure a proper, tailored tacit knowledge transfer (Meyer, 2010), an apprentice setup is 
recommended for all major ship design roles. A successful ship design also results from hands-
on and project experience, and this should never be underestimated. It is an evolutionary path 
of learning and continuous improvement with one ship after another.  

 
This study could not have been complete without understanding the success factors that need 

to be part of the concept in a large and complex project. Particularly for the success of a multi-
stage and difficult-to-manage design phase, the essence is to identify the critical success factors 
(Fortune & White, 2006) for achieving a competitive concept. To put it simply, the success 
factors cannot be ruled out, but must be carefully implemented. 

 
Today, design work takes place in a modern partnership field that takes the value of 

collaboration to a whole new level. It is no longer enough to cooperate; the dialogue must be 
rich and frequent (Koutsikouri et al., 2008) as part of the building of trust between the teams 
and in the whole partner network. Not only does the proposed design approach integrate 
different tasks and enable, even require, close collaboration, it also brings with it new 
challenges that have not been addressed in the past. In a multicultural, technological, and 
multilingual working shipbuilding environment, investing in frequent and rich 
communication requires special attention and energy. It is not self-evident that things are 
understood in the same way and work provided in such a way that it also supports other team 
members to manage in their roles.  

 
Some of the very common challenges in collaboration with sometimes conflicting ideas and 

priorities about how to design and develop the project (Wikström, 2010) impact on the final 
design result and ultimately have an impact on the whole project. The recognized challenges 
that were expressed included a shared project vision and ambitions, references or design 
guidance, social limitations impacting on teamwork, problems with the usage of tools or such 
as modelling software, or even a lack of common tools, just to give a few examples. Thus, 
particular attention should be paid to the prowess and expertise of team members in terms of 
their professional and social skills regarding group activity through and within relationships 
in the form of teamwork (Bennett et al., 2003) in a multicultural environment, the 
management of tools, the quality of the rhetoric on the design subjects, and a broader 
understanding of the project’s boundary conditions. A high level of expertise of the team 
members is one of the most important factors in building trust (Porter et al., 1975) in 
partnerships. Attention must also be paid to the quality of leadership and the capability to 
share the leadership effort in multidimensional highly complex design projects in a global and 
continuously changing world. The whole process when designing a new ship is highly 
demanding and it requires a holistic understanding of the design and building process, an 
unceasing focus, and great energy to lead simultaneous activities taking place in different 
locations. It is like leading controlled chaos, and often in the world of overlapping projects and 
requirements. It was stated by several interviewees that a kind of systematic and analytical 
multi-expert succeeds in a demanding task, a person who does not shy away from solving 
problem after problem and enjoying it.  
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The capability of leadership is demonstrated by defining clear roles and responsibilities at an 
early stage of the project and making the necessary changes in the organization accordingly 
after challenges are met. The leadership aptitudes to get things to go right (Bullen & Rockart, 
1981; Heaslip, 2014) regarding transformations such as building the foundations for a new 
project and new design are at the centre and require a strong focus on such items as team 
building, the development and nurturing of skills and knowledge, time management, 
creativity, and an innovative mind. It is not self-evident in the beginning of the project that 
these will progress naturally. This certainly requires a great sense of responsibility and 
decision-making capability from leaders in partnership organizations, but also similar 
qualities in team members to deal with work with large and complex projects. The continuation 
of partnerships is built on the previous success experienced together and on the 
competitiveness of the end product. Cruise tourism and shipbuilding are tightly married 
through the operating hardware and codependent on each other in both good and less 
fortunate times. The continuity of the business is secured by the same subjects, through a 
shared vision and values, mutual trust, respect and understanding, a joint effort during crisis 
events, and shared passion and perseverance towards challenging tasks by ensuring the 
attractiveness of the product and its profitability on the market.  

The future aspect is strongly present in the design of a new cruise ship, and megatrends, as 
well as wild cards, must be followed tirelessly. Every company whose products and services are 
future-oriented must be able to constantly renew its product portfolio. For cruise companies, 
new products and material and service innovations are priority areas for development in a 
rapidly-changing world. The expectations of well-travelled, mature passengers, especially 
regarding cruise programmes, are changing according to trends and major global issues. This 
puts tremendous pressure on meeting these changing and more complex requirements.  

The concept of a new ship or class of ship is always a strategic decision in terms of allocating 
resources and investments. During a promising market situation, there is often less room for 
product development, so in times of crisis, the focus should be turned to the future by 
developing new solutions, products, and services. These steps and investment will certainly 
pay back and increase profits in future products. Whatever the company’s area of business, its 
operation today is affected by what is going on in the world. Today, the laws of economy, 
lifestyles, and values are changing radically, and at a staggering rate. Neo-communalism, 
ecological crises, and discrimination seem to be unavoidable phenomena (Keiramo, 2009). 
The mechanisms of strategic agility are the same everywhere. The question is how we keep 
ourselves awake, how we keep our resources constantly evolving and in flexible use, and how 
capable our leaders are of making unanimous decisions collectively (Doz & Kosonen, 2007). 
What is essential, though, is to create a culture in which the impacts of social effects as values 
and attitudes are considered in the company’s strategic development process. Future research 
and reporting on, and evaluation of future trends are factors indicating that companies in the 
cruise and maritime industry have a transform-oriented culture under the pressure of various 
requirements.  
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8. Conclusions

In this study, the goal was to identify, analyse, and understand the key factors that are 
estimated to have a contributory effect on the success of the cruise ship concept design process. 
The aim of the study was to find the features and qualities that can be used to improve the 
systematic approach and efficiency of the concept design process, such as by sequencing this 
significant design phase more clearly. In addition, the features that can be used to assess the 
factors that are essential for the success of the concept, such as the effectiveness and methods 
of cooperation related to design, as well as the attitudes and experiences that affect them, were 
examined. In addition, key issues for the success of large-scale project planning were assessed, 
such as the importance of expertise and experience, the development and usability of tools, 
and the importance of timetables, cost accounting, and risks. 

A case study was employed to demonstrate that the systematic and effective steering of the 
concept design process of a prototype ship has an impact on the smoothness of the subsequent 
stages of the project and the success of the whole project. The research material compiled and 
analysed based on the interviews highlights how the phasing and more precise definition of the 
initial design stage of a project have a process-enhancing effect on the entire design process, 
and for the latter shipbuilding phase and finally for the entire life cycle of the ship. The more 
precisely the different stages and content of the concept design process can be defined, and the 
actual design work organized, the better and more cost-effectively the new ship concept will be 
created. In this way, a more mature concept can be launched into the basic design phase and 
the continuation of the work is smoother when all the major design issues have already been 
assessed in more depth in the concept design phase. The traditional model in terms of concept 
design for a cruise ship has often distinguished the technical design of the ship from the design 
of the ship’s passenger spaces. This, in turn, has sometimes had the effect of slowing down the 
design process, causing cost and quality impacts as well as slippages of the timetable in general. 

The background material was compiled using comprehensive structured expert interviews as 
well as the scientific literature on the principles and theories of concept design, which were 
analysed using the grounded theory method to identify gaps between science and practice. The 
advanced concept design model, considered to be suitable method of its kind in marine 
technology, sought to harmonize technical and architectural design, ship price formation, and 
the assessment of various risks in terms of design and construction. Advances in current 
technologies, particularly virtual design environments, allow the complex review and 
definition of this type of product already at the concept stage and are expected to refine and 
accelerate design updates and changes in series ships. The evaluation of the success of various 
activities included in the new concept design model, which have not traditionally been 
consistently included in the quality assurance of cruise ship concept design, facilitates the 
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assessment of the progress, quality, and cost of the design. Regular monitoring and reporting 
of the various activities, as well as joint management and evaluation, will help to increase 
efficiency in the necessary areas. The approach that has been developed has been validated 
with the help of the concept design process of the Oasis of the Seas, by the preliminary plan of 
the Central Park, which is classified as a special project. Verified in this way, the identification 
and periodicity of the initial stage of concept design contributes to improving the ship design 
process, increasing the importance of timeliness actions in design guidance and management 
in large construction projects. The advanced model as presented here is possible to modify 
different variations depending on the uniqueness and scope of the project. 

From the perspective of this research, one of the aims was to compile a feasible introduction 
which would also serve as a source of general consideration and information for parties and 
individuals interested and involved in concept design processes in the maritime industry. 
These considerations might be found to be further applicable in other industries constructing 
large complex objects. In general, from a scientific point of view, research is a major opening 
for the grounded theory utilized in the field of shipbuilding, especially on the design process of 
a cruise ship. Furthermore, this research highlights the centricity of know-how in demanding 
large-scale projects and it should be noted that expertise in partnerships exist not only in the 
main contracting parties but also in several key actors in the network and the sub-networks. 
Universities and other professional institutions which act as pillars and guarantors of the 
competence for the maritime cluster are important partners in terms of competency, 
transformations, and continuity. This study further aims to demonstrate the importance of 
cooperation in the maritime sector and it was possible to carry out this research in open 
collaboration with various actors. 

Future research on this topic will certainly bring new and deeper perspectives on this highly 
diverse topic. There are certainly multiple other considerations of methods to process concept 
design and the methodological ideas presented in this study are probabilistic and based on the 
experience shared by the interviewees specifically for this study. In the future research 
framework, considerable research areas could cover e.g., the critical success factors for more 
detailed analysis and defining the design process more precisely for ships of different types and 
sizes, and possibly also developing new models applicable to other large-scale design 
processes. Based on the research material for this study, it would be also possible to compile a 
comparative study of the concept design approach in other fields such as large energy projects, 
building construction or infrastructure projects. Technology and digital tools are evolving 
rapidly and will enable an even better virtual way of working, and thus processes must also be 
re-considered every now and then from this perspective. 
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