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Abstract. Engineering changes are driving forces of product development and 

improvement in any company. In shipbuilding projects, engineering changes are 

introduced throughout the project duration and cannot be planned or introduced 

to the next production run since products are only made once and never repeat-

ed. A lot of research exists on engineering changes and their management in 

general, but the focus of this study is to increase the awareness and understand-

ing of the engineering changes specifically in shipbuilding projects. In this 

study, an in-depth investigation of engineering changes and aspects having in-

fluence on engineering change implementation performance in Norwegian 

shipbuilding company was performed. The findings indicate that engineering 

changes and their implementation performance are related to such aspects as 

market segment, supply chain network, design maturity, overlapping project 

stages, and timing of EC occurrence in the project. These aspects, their influ-

ence on the number of ECs, and EC implementation and performance, are de-

scribed and analyzed in the paper, and future research plans are presented. 
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1  Introduction 

There is a fair share of standardized shipbuilding in the world, but European, and 

particularly Norwegian shipbuilding industry, is still producing highly customized 

products in short series, or even volumes of one. Their products are designed and built 

as separate projects. Typical strategy for this production environment is engineer-to-

order [1]. Engineering changes (ECs) are common and unavoidable in this production 

environment [2]. As opposed to make-to-stock environment, where ECs are batched 

and implemented before the start of production, ETO companies have to be able to 

implement changes at any stage of the project duration [3]. In this study ECs are de-

fined as modifications to structure, behavior and function of a technical artefact that 

has already been released during the design process [2, 4]. Even though ECs are im-

plemented in order to improve the product or adapt it to the new requirements and 

needs, they often result in project cost overruns and delays [4]. Extensive amount of 

the literature suggests strategies, practices and tools for improved management of 

ECs. However, different contextual conditions of production environments and indus-
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tries are not always explicitly staged in the studies. Hence, the aim of this paper is to 

investigate what aspects have moderating effects on EC implementation process, cost 

and time of ECs, as well as number of occurring ECs, in shipbuilding companies.  

The paper begins by presenting a brief theoretical background in section 2. Section 

3 outlines a research methodology used in this study. In section 4, case company is 

introduced, followed by the case study findings in section 5. Section 6 concludes the 

paper and describes further research agenda.  

2 Theoretical background and research motivation 

There is a vast amount of research dedicated to ECs and their management. It is out-

side of the scope of this paper to provide overview of all the ECM strategies, practices 

and tools available in the literature. Those interested might refer to the most compre-

hensive literature review on ECM conducted by Hamraz et al. (2013) [2] and further 

continued and complemented by Ullah et al. (2016) [5]. In addition to that, studies 

conducted by Huang et al. (2003) [6] and Storbjerg et al. (2016) [7] provide excellent 

overviews of ECM strategies, practices and tools. The authors of this paper conducted 

a literature study on this topic as well and identified that is seems that research on 

ECs up to date has concentrated heavily in the engineering design domain and there is 

almost no research studying influence of ECs on production, logistics, and supply 

chain and vice versa. Exceptions are such studies as Wänström et al. (2006) [8], Ho 

(1994) [9], and Lin and Zhou (2011) [10]. In addition to that, most studies on ECs still 

do not differentiate between the different production environments, even though back 

in 2009 Eckert  et al. [11] suggested that future ECM practices and tools should be 

developed considering such factors as production volume, the degree of customer 

involvement in customization, the degree of internal and external uncertainty, and the 

inherent product complexity.  

This study explores if these research gaps are worth studying; are there moderating 

aspects of the specific production environment that differentiate it from other envi-

ronments when it comes to ECs and their management? How do these aspects affect 

EC implementation performance? This study goes outside the design domain to ex-

plore production, logistics and supply chain aspects of EC implementation.  

3 Research methodology 

In Fig. 1, the basic research framework is outlined, which shows the relationships 

between the studied constructs. When EC occurs, it is analyzed and implemented 

using engineering change management (ECM) processes, procedures, and tools. ECs 

come at a cost of course; money and resources are spent on their implementation. This 

study hypothesizes that both number of occurring ECs, how they are managed, and 

cost and time of their implementation will be influenced by the moderating aspects 

specific for the shipbuilding environment. No specific hypotheses as to exact relation-

ships between these aspects and EC implementation were formulated prior to con-

ducting the study. Therefore, an inductive research approach was chosen [12]. In-
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depth case study in Norwegian shipbuilding company was conducted. The case study 

method was chosen because of its suitability for theoretical development, where con-

structs are not defined or only partially defined [13, 14]. In addition to that, case study 

method allows for a more comprehensive understanding of the nature and complexity 

of a phenomenon studied [13, 14]. This paper presents part of the findings from the 

performed case study. 

 

 
 

Fig. 1. Research framework 

 

The data was collected over three years’ time span and several visits to the case com-

pany, ranging from 1 to 5 days in duration. Several meetings and semi-structured 

interviews were conducted with deputy CEO, deputy managing director, business 

analysts, project managers, design and engineering managers, and production plan-

ners. The interviews consisted of two stages. At a first stage, ECM processes in the 

case company were mapped and ECM practices and tools used by the company were 

identified. At the second stage, interviewer went through the whole ECM process 

with the interview participants and asked what aspects were contributing to the way 

ECs are managed at each stage of the process, the number of occurring ECs, and fi-

nally their cost and time of implementation. Since no data on exact EC implementa-

tion time and cost is available in the company, qualitative measurement was used, - 

interview participants were asked to describe the degree of a given aspect’s effect on 

EC implementation performance. In addition, documents related to ECs were collect-

ed, including descriptions of EC management procedures, change evaluation sheets, 

company presentations, publicly available information, and reports on the previous 

research projects conducted with the case company by the research group.  

For data analysis, recommendations of Eisenhardt [14], and Miles, Huberman and 

Saldana [15] were followed. The NVivo software was used to store, transcribe, code 

and analyze the data. First, interviews were transcribed, and a narrative description of 

the case history was created, ECM processes were described, ECM practices and tools 

were identified. After that, a two-stage coding was performed. At the first stage, de-

scriptive codes were assigned to data chunks to detect reoccurring patters in all inter-

views and the documents available in an inductive way. From this, at the second stage 

of coding, similar codes were clustered together to create a smaller number of catego-

ries (pattern codes). The results of the coding were tabulated to compare findings 

across different interviews. The researchers iterated repeatedly between the data and 

emergent theory until a strong match between theory and data was reached. Several 
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main aspects were identified, but due to the limited length of the paper, only five 

(most mentioned by the interview participants) aspects are presented.   

4 Case study 

The study was conducted in a Norwegian shipbuilding company (further called 

“N”). Typical shipbuilding project consists of following stages: design (concept, con-

tract and basic), engineering, production, procurement, commissioning, and after-sale 

[3]. N performs several roles in shipbuilding industry, both as a ship designer, a ship-

yard, and a main equipment supplier. N is a part of global shipbuilding supply chain. 

This supply chain generally consists of four main actors: ship designer, shipyard, 

main equipment suppliers and shipowner (customer). In addition to that, classification 

organizations are involved; they establish and check technical standards for the con-

struction and operations of ships. A simplified N’s supply chain is presented in Figure 

2.  

 

Fig. 2. Shipbuilding supply chain 

 First, N Design and ship owner develop and negotiate on vessel details. N designs 

vessels and delivers design to the own yard or sells to the external yard, depending on 

the customer preferences. Contractual relationships are established between the ship-

owner and the yard, meaning there are no contractual relationships between the de-

signer and the shipowner. Detailed engineering is performed by the engineering team 

at the yard. Even though partner yards buy designs from N and carry contractual re-

sponsibility for delivering the vessel to the shipowner, both the designer and the yard 

share responsibility since the customer will receive a vessel with the designing com-

pany’s brand name on it. Most often ship designer coordinates the engineering and 

procurement of the main equipment, however sometimes this equipment is procured 

by the yard or customer. In this case, designer does not have a direct contact with 

suppliers. In cases when the vessel is built in N yard, the hull is produced at external 

yards to cut shipbuilding costs. After the hull is towed to N yard, it is outfitted with 
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main equipment, pipes, cabling, and HVAC in the dry dock. After that, the vessel is 

moved outside the dock, where final outfitting is done on the water. Procurement 

(especially procurement of main equipment) and production usually starts before the 

engineering is finished, which, according to the company, shortens project duration 

by up to 12 months. Project delivery time is around 2 years.  

5 Aspects affecting EC implementation in shipbuilding projects 

In this chapter, we provide five aspects that affect ECs and their implementation in 

the case company with some real-life examples.  

(1) Market segment. For a long time, main case company’s specialty was building 

offshore support vessels (OSVs), but they have recently moved into a new market 

segment – cruise vessels. Here, professional culture, new standards, rules and regula-

tions, and experience of the company were mentioned as three closely related aspects 

affecting ECs and their implementation in the company.  

Professional culture. Customers in OSV market were local, they had long relation-

ships with N based on mutual trust. All issues related to ECs were resolved by making 

phone calls. New customers, however, are much more formal and stricter in their 

approach. Each issue is thoroughly checked against specifications and standards. 

Consequently, it takes much longer time to agree on who carries monetary responsi-

bility for the change implementation.  This is further complicated by the fact that N 

must work with new specifications, rules and regulations for cruise vessels. Often, 

something that was not an issue for OSVs appears an issue for the cruise vessel. This 

increases the number of ECs, which N is not able to predict in advance and must take 

full responsibility for. Ability to detect such potential issues in OSV market was 

based on the experience of the company, which still needs to be developed for the 

cruise vessels.  

(2) Supply chain network. N operates in a global supply chain, where either design, 

engineering or production are often performed by external actors. Here, following 

aspects are affecting ECs: coordination of ECs across multiple companies, and com-

petence and experience of external actors. 

Coordination of ECs across multiple companies. In shipbuilding projects design, 

engineering or production are often performed by separate companies. ECs in this 

situation result in higher number of iterations between the companies and longer EC 

implementation time. For example, if an EC propagates from the shipyard to one of 

the suppliers, receiving input from this supplier can be a bottleneck. The time for 

supplier to give the necessary information might be even longer if the design and 

engineering do not have a direct contact with the supplier. For example, in one of the 

projects several changes affecting the whole design of the vessel (i.e. stability, power 

supply, etc.) occurred. To update design drawings, N needed updated technical speci-

fications from several suppliers (i.e. engine supplier). However, N was not able to 

contact them directly since it was external shipyard, not N, who had contracts with 

these suppliers. Hence, N had to resolve all issues by contacting the shipyard first, 
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who in turn contacted the suppliers. This considerably increased EC processing time 

and led to project delays.  

 Competence and experience of external actors. N yard is able to cope with some 

minor design and engineering changes without necessarily involving the design and 

engineering departments. The yard is able to fix the issues and predict possible propa-

gations of such change. External yards are often do not have such experience and the 

production often must be stopped to resolve occurred problems. For example, when 

building one of the offshore support vessels in a Chinese shipyard, a lot of problems 

with cargo system occurred, which could have been solved by the production stuff if 

the vessel would have been built locally. However, in case of a Chinese shipyard, 

production had to be stopped, drawings updated by N and translated into Chinese, 

which took additional several weeks of work.  

(3) Design maturity affects both the number of ECs, and EC assessment and imple-

mentation. Projects with low levels of design maturity (e.g. maturity of the whole 

product or separate systems and parts) usually generates more changes in the down-

stream stages of the project. In addition to that, implementation of new technology 

makes it difficult to predict possible EC propagations to other systems of the vessel. 

For example, when building platform supply vessel, new exhaust system was intro-

duced. The issue of back pressure on bending pipes was not immediately understood, 

which led to rework (rearranging pipes) at the production stage. Such propagations 

are very hard to detect, and they will typically be noticed at a later and more costly 

project stages; as noted by the interview respondents, cost of implementing EC in 

shipbuilding projects increases tenfold with each subsequent stage of the project.  

(4) Overlapping design, engineering, procurement and production stages implies 

that instead of performing these activities sequentially, each activity starts before the 

previous is finished. By doing this, products are produced in less time. N follows this 

approach. However, this approach also implies that there should be design freezes at 

the design and engineering stages, after which changes are not allowed. However, the 

shipowner might want to introduce changes at any stage of the project. In this situa-

tion ECs affect a bigger number of activities and increases needed coordination ef-

forts. For example, more ECs need to be handled by involving production stage be-

cause engineering was not finished before the start of production and incomplete 

drawings were shared between the project actors.   

(5) Timing of EC occurrence. As it was already mentioned, the cost of an EC im-

plementation in shipbuilding projects increases tenfold with each subsequent stage of 

the project. Early ECs, before procurement and production has started, are resolved by 

engineering and only include administrative costs of changing the drawings. Howev-

er, when moving into procurement and production, ECs lead to rework, demolition 

and scrap of already produced components. This finding is in line with the Rule of 

Ten, stating that the cost of ECs increases exponentially with each stage of the pro-

ject, and hence late ECs should be avoided [16]. In addition to that, there are specific 

cost drivers appearing at different stages of shipbuilding process. The shipbuilding 

process consists of following stages: part production, block building, block outfitting, 

block (hull) assembly, dock outfitting and quay outfitting. For example, when moving 

from block building to block outfitting, following cost drivers will appear, such as 
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reduced accessibility (workers need to operate in narrow spaces), higher risk of dam-

age of already installed parts (some parts need to be covered and protected in case of 

rework). When moving from block outfitting to assembly, in addition to accessibility 

and risk of damage, following aspects need to be considered: crowdedness or stacking 

of trades (several production disciplines working in the same area, which leads to 

productivity decrease), vertical transportation and long distances to the place of work, 

work position (not possible to turn sections around). At the quay outfitting, all the 

spaces are closed, there is no roof in case of bad weather conditions (especially ex-

pensive for paint work), fewer available cranes. There additional production specifics 

of different types of vessels. For example, cruise vessels have 2-3 times more decks, 

which drastically increases travelling time for the workers.  

All the above-mentioned aspects are not easily quantifiable, but they are important to 

understand and consider when implementing ECs in shipbuilding projects. 

6 Conclusions and further research 

This study had provided insights into some aspects affecting ECs and their imple-

mentation in shipbuilding projects. First, this study has showed that there are specific 

aspects of the shipbuilding industry that influence ECs, their management and imple-

mentation performance. Specifically, the study showed that entering into a new mar-

ket segment, low competence and experience of actors in shipbuilding supply chain 

network, and a low maturity of the design increases the number of ECs at different 

stages of shipbuilding projects. Supply chain actors’ experience and design maturity 

increase the chance of unpredicted EC propagations. Furthermore, different profes-

sional culture of the customers, global distributed supply chain network, competence 

of supply chain actors, design maturity, overlapping of project stages, and timing of 

EC occurrence are the aspects that contribute to EC implementation cost and time. 

These aspects should be taken into consideration by the researchers when working on 

ECM practices and tools. Future research should perform in-depth analysis of ECs in 

several shipbuilding (or ETO) projects to determine all the aspects contributing to EC 

implementation performance. A new approach for EC assessment that goes outside 

engineering design domain should and takes into consideration such aspects.  

It is expected that this paper can support practitioners in making sense of ECs in 

complex shipbuilding projects. However, the results should be handled with care 

since, like any other single case study, this paper has its limitations in terms of exter-

nal validity and generalizability. 
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