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Abstract 
Human factors, also known as ergonomics, is an area not properly considered when 

designing shipboard navigation equipment. This shortcoming results in some design 

issues which pose a risk to safe and efficient maritime operations. The International 

Maritime Organisation [IMO] has attempted to address this problem through 

regulatory incentive by developing new guidelines and regulations, an example of 

which is circular MSC.1/Circ.1609 - Guidelines for the Standardisation of User 

Interface Design for Navigation Equipment, also known as the “S-mode guidelines”. 

The S-mode guidelines introduce recommended design practices and standardise 

four features on the interfaces of navigation equipment. In this thesis, the 

development of the S-mode guidelines is analysed from two aspects, first as a design 

project with the design object being the interfaces of navigation equipment, and 

second as a joint effort from various stakeholders in the maritime industry, including 

the author of this thesis. 

This thesis has two goals. The first goal is, through the work conducted to develop S-

mode, to provide technical knowledge to support the design of future navigation 

equipment. The outcome of this goal includes information on the context of use for 

navigation equipment, usability issues to consider when using icons on navigational 

displays, and a recommended pattern to organise essential control functions on the 

interfaces of Radar and ECDIS. 

The second goal is to identify contextual factors that shaped the development of S-

mode and provide relevant stakeholders with recommendations to consider when 

developing similar future regulatory instruments. The findings suggest future design 

guidelines and regulations should address the requirements of both the end-users and 

system manufacturers. Support from influential maritime states is important to get 

approval at the IMO. The structure and working arrangement of the IMO do not 

facilitate rapid innovation and it is more realistic for aim for gradual improvements. 

Future research should advance the applicability of the design recommendations 

introduced in this thesis by conducting studies to include functionalities of navigation 
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systems not considered in S-mode, or by performing summative tests with high-

fidelity prototypes to validate the effectiveness of those recommendations.  

Also, the scope of this thesis is limited to the development of the S-mode guidelines 

and does not include the implementation phase. Future research, therefore, should 

investigate the implementation of S-mode and evaluate the guidelines’ impacts on the 

industry. 

Keywords: ECDIS, ergonomics, frequency of use, human factors, IMO, INS, icon, 

joint activity, logical grouping, navigation equipment, policy-making, Radar, user 

interface 
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1. Introduction 
Human factors, or ergonomics, is the scientific discipline that studies how humans 

interact with other elements in their work/life environment and applies such 

knowledge to improve humans’ life and work. In the maritime domain, human factors 

has been applied in the design of ships, equipment, and procedures (Grech et al., 

2008). This thesis specifically concerns the topic of human factors application in 

designing shipboard navigation equipment.  

Improper consideration of human factors has resulted in design issues with 

navigation equipment that pose a risk to safe and efficient maritime operations. One 

reason behind the issues is the lack of guidance from regulatory bodies, particularly 

regarding user interface design. The International Maritime Organisation [IMO] have 

performed several projects to address the situation, an example of which is the 

development of circular MSC.1/Circ.1609 Guidelines for the Standardisation of User 

Interface Design for Navigation Equipment. 

Circular MSC.1/Circ.1609 consists of two parts, the first part contains human factors 

principles to be considered when designing user interfaces for a wide range of 

shipboard navigation equipment. The second part prescribes four features to be 

applied as standard for all applicable navigation equipment, starting from January 1, 

2024. These four standard features are symbols and terminologies for essential 

nautical concepts, the arrangement of key information/controls into groups, 

functions that must be quickly accessible, and default system configurations for 

Electronic Chart Display and Information System [ECDIS] and Radar, which are 

applicable for equivalent modules on Integrated Navigation System [INS] (IMO, 

2019b). Despite being labelled as “Guidelines”, there are clauses in circular 

MSC.1/Circ.1609 making parts of the document mandatory. Thus, MSC.1/Circ.1609 

provides manufacturers of navigation equipment with standard ergonomic 

specifications to implement on their products. 

The development of MSC.1/Circ.1609 represents an initiative at the IMO level to 

improve human factors application in developing maritime systems through 

regulatory incentive.  
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The development of MSC.1/Circ.1609 can be characterised by two aspects. Firstly, the 

contents of MSC.1/Circ.1609 was developed following a user-centred approach and 

based on empirical studies of seafarers. At the same time, the development of 

MSC.1/Circ.16o9 was an IMO initiative with the involvement of multiple stakeholders 

and followed IMO working principles. In other words, the development of 

MSC.1/Circ.1609 was influenced by both the technical aspect of human factors 

application in the design of navigation systems and the political aspect associated with 

IMO projects.  

Circular MSC.1/Circ.1609 represents an effort at the IMO level to improve human 

factors application in developing maritime systems through regulatory incentive. 

Studying factors affecting this initiative can generate useful insights for similar 

initiatives in the future. 

This thesis, therefore, involves two themes. First, it involves the technical work done 

to develop the ergonomic specifications forming the core content of MSC.1/Circ.1609. 

Secondly, it investigates contextual factors of an IMO initiative that shaped the 

development of MSC.1/Circ.1609. 

It should be noted that MSC.1/Circ.1609 is still known unofficially as the S-mode 

guidelines because it originates from a concept called “S-mode” proposed by the 

Nautical Institute [NI] and International Federation of Shipmasters' Associations 

[IFSMA] in 2007 (IMO, 2007c). For the convenience of readers, from this point 

onward, the two terms “S-mode guidelines” and “S-mode” will be used to refer to 

circular MSC.1/Circ.1609 throughout the rest of this thesis. 

1.1. Research context 
This study was conducted between 2018 and 2022, as a part of the National joint PhD 

Programme in Nautical Operations, jointly administered by four universities of 

Norway namely Western Norway University of Applied Sciences, University of South-

Eastern Norway, Artic University of Norway, and Norwegian University of Science 

and Technology.  

At the same time, the author of this thesis was a member of the team developing the 

S-mode guidelines. He was involved in the development of S-mode from 2017 until 
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the final approval of the guidelines in 2019. However, his involvement was limited to 

technical work to develop contents of the S-mode guidelines. In specific, the author 

performed studies to identify user needs for operating navigation equipment and 

conducted usability tests to develop the standard features of navigation displays to be 

standardised by the S-mode. The author also took part in discussions that shaped the 

S-mode guidelines, including meetings at the IMO when the final discussions on S-

mode took place. However, the author did not have decision-making power and his 

involvement in the decision-making process was limited to a consultative role. 

Nevertheless, it can be argued that the author of this thesis wore two hats during the 

course of this doctoral study, one as a specialist working on a design project, and one 

as a researcher investigating contextual factors of a multi-stakeholder initiative at the 

IMO level that affected said design project. 

It should be noted that, during the period of 2017-2019, the S-mode development 

team, to which the author of this thesis was a member, was an official correspondence 

group of the IMO. Members of this group was representatives from several IMO 

member states and organisations. However, the same group had already existed 

before being officialised by the IMO in 2017. For the convenience of readers, the term 

“S-mode Correspondence Group”, abbreviated as “S-mode CG”, will be used in the 

rest of this thesis to refer to the group of people involved in the development of S-

mode, regardless of the time frame under consideration. 

The following sections provide background information on human factors issues with 

navigation equipment and the lack of supporting regulatory instruments, before 

stating the aim, research questions, and objectives of this doctoral study. 

1.2. Usability issues with bridge equipment 
Technology advancement in the maritime field has led to the introduction of new 

navigation instruments onboard ships, often taking the form of complex electronic 

systems, or new functionalities on existing instruments. One example is the gradual 

replacement of paper charts by Electronic Chart Display and Information System 

[ECDIS] during the 2010s. While these new technologies are intended to improve 
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safety and efficiency in navigation, their implementation can also bring adverse 

results when done improperly.  

One of the issues is that some systems are not designed with due consideration of the 

abilities and limitations of users, resulting in products that are technically functional 

but with low usability1. Such systems are difficult to operate and increase the 

probability of erroneous actions (Mallam et al., 2015). For instance, design issues with 

ECDIS have been identified among contributing factors leading to several shipping 

accidents (MAIB, 2014, 2017; NTSB, 2014). Such issues, however, are not new 

problems. 

As early as 2003, the IMO Maritime Safety Committee [MSC] raised concerns over 

design issues with existing bridge equipment. Despite the existence of performance 

standards, bridge systems were reported to vary greatly in terms of user interfaces 

and functionalities, which occurred as manufacturers introduced extra features 

beyond the minimum requirements to their products. This variety in interface and 

functionality caused difficulties for training and familiarisation, especially in time-

constrained scenarios. The MSC also reported the issues of information overload and 

excessive alarms and called for  stakeholders to consider applying human factors 

knowledge when developing new technology (IMO, 2003).  

In subsequent years, human factors issues with shipboard equipment were reported 

in many academic studies (Baldauf et al., 2009; Barsan & Muntean, 2010; Krystosik-

Gromadzińska, 2018; Sherwood Jones et al., 2006) and, as previously mentioned, 

were found among contributing factors leading to maritime accidents. 

More recently, in September 2021, the Marine Accident Investigation Branch [MAIB] 

of the United Kingdom and the Danish Maritime Accident Investigation Board 

[DMAIB] published a comprehensive study on the development, training, and 

operation of ECDIS. The study involved observations and interviews with 155 ECDIS 

users onboard 31 ships of various types, supplemented by interviews with 15 pilots, 13 

                                                   

1 Usability refers to the extent to which a product can be used by the intended users, under the intended context 
of use, to achieve the intended goals with effectiveness, efficiency, and satisfaction (ISO, 2010) 
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ship managers and operators, five ECDIS manufacturers, ECDIS instructors and 

representatives of hydrographic and technical communities (MAIB & DMAIB, 2021). 

The findings suggest that seafarer still face similar issues with ECDIS that the MSC 

identified in 2003, namely interface and menu complexities and improper alert 

management (IMO, 2003). The lack of standardisation in interface design was also 

identified as an issue, but the research participants only considered this as a minor 

one. The MAIB and DMAIB suggest addressing the identified issues by properly 

applying human factors in designing bridge equipment.  

Existing literature consistently points toward the fact that there are design issues with 

shipboard navigation equipment, originated from improper human factors 

consideration during the design process.  

1.3. Human factors regulatory instruments and the S-mode 
guidelines 

There are a range of factors behind the lack of human factors consideration in the 

design of bridge equipment. One factor is the traditional engineering-centric 

approach in designing ships and shipboard equipment and a design is considered 

mainly from technical and economical viewpoints (Lützhöft et al., 2017).  

Another factor is the fact that people leading design projects often do not have the 

knowledge of nautical operations and do not understand the requirements of the end-

users, who are seafarers (Chauvin et al., 2008). Furthermore, the knowledge and 

perspectives of seafarers are often not considered in a design, seafarers are rarely 

involved in the design process, and there is no effective channel of communication 

between designers and seafarers (Vu & Lutzhoft, 2020).  

Regulatory instruments from maritime administrators also do not provide adequate 

guidance to designers. Analyses of regulations and guidelines on human factors in the 

design of bridge and bridge equipment find a lack of detailed descriptions for interface 

design (Mallam & Nordby, 2018). As the maritime industry is working toward 

digitalisation with an objective of increased automation in shipping, it is expected that 

future bridge equipment will become more complex. Under these circumstances, 

there are both opportunities and necessity to develop regulations/guidelines or 
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amend existing ones to improve usability and design consistency for navigation 

equipment.  

1.4. Research aim  
The aims of this study are twofold. Firstly, it provides technical knowledge to support 

the design of future shipboard navigation systems with usability in mind. Such 

technical knowledge includes: 

• Information on how seafarers operate different functions of bridge equipment 

when engaging in navigation duties 

• A recommended pattern to organise essential contents into groups on the 

displays of Radar and ECDIS or their equivalent modules on INS 

• Usability issues to consider when using icons on the interfaces of navigation 

systems to convey messages of information or control functions 

These technical data are the results of the author’s work during his time as member 

of the S-mode CG.  

The second aim of this study is to understand factors that were influential behind key 

events that shaped the development of the S-mode guidelines. The term “key event” 

refers to any event and decision occurred during the development of S-mode that led 

to the establishment of or changes to at least one of the followings: the status of S-

mode as an IMO project, the scope of S-mode, or the content of S-mode. 

The specific objectives derived from this goal are as follows: 

• Identifying key events that shaped the development of S-mode 

• Identifying factors affecting key events during the development of S-mode, 

considering the technical aspect of S-mode as an international multi-

stakeholder design project with the design object being the interfaces of 

shipboard navigation system 

• Identifying factors affecting key events during the development of S-mode, 

considering the political and organisational aspects of S-mode as an IMO 

project 
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As discussed in previous sections, there are currently human factors issues with 

shipboard navigation equipment, resulted from the inadequacies of design guidelines 

and regulations. The first aim of this study serves as a short-term solution to these 

issues by supporting equipment manufacturers with technical recommendations. The 

second aim serves as a long-term solution by recommending regulatory agencies, 

particularly the IMO, important factors to considered to effectively develop regulatory 

instruments similar to the S-mode guidelines in the future.  

1.5. Thesis structure 
This thesis is organised in eight chapters. The following chapter 2 provides a 

background of the IMO, procedures for developing international maritime 

regulations, and relevant earlier studies. Chapter 3 introduces joint activity as the 

theoretical framework for this study. Chapter 4 presents the research methodology, 

describes procedures for data collection and analysis, and discusses methodological 

rigour.  

Chapter 5 describes key events from the emergence of the S-mode concept to the 

point when the scope of the S-mode guidelines was finalised. Chapter 6 provides 

details of the studies conducted to develop, evaluate, and finalise the four standard 

features on the interfaces of navigation system forming the core of the S-mode 

guidelines.  

Chapter 7 presents an analysis of key events that occurred during the development 

of S-mode using the framework of joint activity and identifies contextual factors that 

shaped the S-mode guidelines.  

Chapter 8 concludes the thesis, presents recommendations for relevant 

stakeholders, and provides implication for future research.  
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2. Background 
This chapter provides an overview of the objectives, functions, and institutional 

structure of the IMO, followed by a description of principles for IMO rule-making 

process together with the involved actors. The development of the S-mode guidelines 

is then introduced, and the chapter concludes with an overview of relevant earlier 

studies. 

2.1. IMO – objectives, functions, and institutional structure 
The IMO is the specialised agency of the United Nations [UN] responsible for 

regulating international shipping, with the objectives of promoting safe, secure, and 

efficient shipping and protection of marine environment (IMO, 2013). The functions 

of the IMO, as stated in Article 2 of the 1948 Convention on the International 

Maritime Organisation, are drafting conventions, regulations, and other suitable 

regulatory instruments, providing machinery for discussions and negotiations among 

Members, and making recommendations on related matters. The primary function is 

drafting and amending regulatory instruments within the assigned scope and the 

Organisation is today responsible for some 50 international conventions and 

protocols and more than 1000 codes and recommendations (IMO, 2013). As of 

January 2022, the IMO consisted of 174 Member States and three Associate Members 

(IMO, 2022). The IMO also grants consultative status to a number of non-

governmental organisations [NGO] (IMO, 2021b).  

The institutional structure of the IMO has changed overtime and, currently, the 

Organisation consists of an Assembly, a Council, and five main Committees, which 

are supported by a number of Sub-Committees.  Figure 1 provides an overview of IMO 

structure: 

The overall administration of the Organisation is performed by the Secretariat, which 

consists of a Secretary General and about 300 supporting international personnel 

(IMO, 2021c). Functions of the Secretariat include preparing for meetings, collecting 

and distributing documents, drafting reports and working papers, and publishing 

IMO publications (Campe, 2009). 
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Figure 1. IMO institutional structure (Karim, 2015) 

The Assembly is the governing body of the IMO and responsible for approving the 

working programme and financial arrangements. All Member States are included, 

and meetings are held biennially, although extraordinary sessions may occur if 

necessary. The Assembly elects the Council, which acts as the executive body of the 

Organisation and consists of 40 members. The main function of the Council is to 

supervise the work of the Organisation and it performs the same functions of the 

Assembly during the time between Assembly sessions. The only exception is the 
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function to make recommendations to Governments on maritime safety and pollution 

prevention, which is reserved for the Assembly. The 40 council members are grouped 

into three categories. Category A consists of states with the largest interest in 

providing international shipping services. Category B consists of states with the 

largest interest in international seaborne trade. Category C consists of states not 

belonging to the other categories but have special interests in maritime transport or 

navigation and their election ensure the representation of world major geographic 

areas (IMO, 2021c).  

IMO missions are carried out by five committees. As illustrated in Figure 1, the five 

committees are: Maritime Safety Committee [MSC], Marine Environment Protection 

Committee [MEPC], Technical Cooperation Committee [TC], Legal Committee 

[LEG], and Facilitation Committee [FAL]. All members have membership in these 

five committees. The MSC and MEPC are also supported by seven sub-committees:  

• Sub-committee on Navigation, Communication, and Search and Rescue 

[NCSR] 

• Sub-Committee on Ship Design and Construction [SDC] 

• Sub-Committee on Ship Systems and Equipment [SSE] 

• Sub-Committee on Human Element, Training and Watch-keeping [HTW] 

• Sub-Committee on Implementation of IMO Instruments [III] 

• Sub-Committee on Pollution Prevention and Response [PPR] 

• Sub-Committee on Carriage of Cargoes and Containers [CCC] 

Similar to the main committees, all sub-committees are open to all members. Both 

committees and sub-committees are involved in policymaking. The committees deal 

with high-level decisions while sub-committees consider detailed technical matters, 

assigned to them by the parental committees. Results from the sub-committees are 

reported back to the relevant committee for consideration and these results are the 

basis for decisions at the committee level (Svensson, 2014).  

As the highest technical body of the IMO, the MSC considers any matter that directly 

affects maritime safety, which includes the construction and equipment of vessels and 

other HF-related issues. The development of the S-mode guidelines was under the 
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agenda of the MSC. The detailed technical works were coordinated by the NCSR. As 

previously mentioned, the IMO structure changes over time and during the 

development of  the S-mode guidelines, the coordination task was first assigned to the 

Sub-Committee on Safety of Navigation [NAV] until NAV was merged with the Sub-

Committee on Radiocommunication and Search and Rescue [COMSAR] to form 

NSCR in 2014. 

2.2. The development and amendment of IMO instruments 
The IMO law-making process is strictly regulated with certain steps to be followed. 

The work for developing new IMO instruments or amending existing ones starts with 

a proposal from Member States to a relevant IMO organs (IMO, 2021a). Proposals 

can also be made by NGOs with co-sponsorship from Member States. The proposals 

must contain compelling arguments to justify alignment with the Strategic Plan of the 

Organisation and the necessity of IMO actions. If accepted, the proposal will be 

incorporated into the current or future working programme of the committees, with 

descriptions of the technical work to be undertaken, responsible sub-committees, and 

target completion dates (IMO, 2015c).  

Committees and sub-committees consider relevant matters and make decisions 

during plenary sessions, which are held at the IMO headquarters with the participant 

of all delegates. Depending on the working agenda, the committees and sub-

committees can establish working and drafting groups. Working groups are tasked 

with considering unsettled technical matters while drafting groups are tasked with 

editorial work to finalise the draft of decided regulatory instruments (Svensson, 

2014). These groups meet simultaneously and use English as the working language 

without interpretation. Such arrangements make it difficult for countries with small 

delegations to attend all groups and also pose some restrictions to non-English-

speaking delegations. Acknowledging this problem, the IMO restricts the number of 

groups to be no more than five during a plenary session and recommends against 

forming intersessional working groups (Tan, 2005).  
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Based on the author’s observation while participating at NCSR 62 in 2019, informal 

negotiations existed alongside official discussions and significantly affected the final 

decisions. Each working day was divided into a morning and an afternoon period with 

a two-hour lunchbreak in between. The morning was spent to declare the matters to 

be discussed for the day and decisions would be made in the afternoon. A lot of talks 

and agreements happened during the lunchbreaks and delegates with aligned 

interests formed coalitions to assert influence over the final decisions. However, these 

informal negotiations were not recorded in official reports. Also, many negotiations 

and agreements had already taken place before the meetings started. Svensson (2014) 

made similar observations while attending BLG 153 in 2011 and MEPC 664 in 2014. 

Besides working and drafting groups, it is also possible to form correspondence 

groups to facilitate the consideration of an issue. A correspondence group can work 

intersessionally under the coordination of a lead country or organisation and 

members often participate remotely via emails or similar communication platforms. 

Correspondence groups’ results are submitted to the forthcoming session of the 

parental committees or sub-committees. The IMO also limits the number of 

correspondence groups to be no more than three under normal circumstances (IMO, 

2008a).  

Once completed with the assigned technical work, the responsible sub-committees 

report back to the parental committees, who will then make policy decisions based on 

these reports. Decisions are made by voting at the committees, council, or assembly 

with the exact procedures provided in the rules of procedures for respective IMO 

organs.   

2.3. Actors in the making of IMO regulatory instruments 
Member states are the actors with decision-making power at the IMO. The 

Organisation also collaborates with other UN agencies and intergovernmental 

                                                   

2 The sixth session of the NCSR, participated as a member of the Nautical Institute [NI] delegation 

3 The 15th session of the the Sub-Committee on Bulk Liquids and Gases [BLG] 

4 The 66th session of the MEPC 
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organisations on relevant matters, but such organisations do not have direct decision-

making power at the IMO. Similarly, NGOs with consultative status do not have voting 

rights at IMO meetings. However, both intergovernmental organisations and NGOs 

can influence IMO decisions, either through collaboration with the Organisation or 

through their members, who are also IMO member states. 

As established in the Convention on the International Maritime Organisation, unless 

when failing to fulfil their financial obligation to the Organisation, member states are 

given equal voting right. In practice, however, member states have unequal decision-

making power (Argüello, 2021). Given the different and sometimes opposing interests 

among members, IMO negotiations can be characterised as political contests between 

states (Svensson, 2014). Member states’ influence over an IMO decision depends on 

two factors: their willingness to enter the negotiation, and the resources they can 

commit to pursue favourable decisions.  

The willingness of a state to enter an IMO negotiation depends on whether the issue 

being negotiated concerns the state’s national interests. For instance, the adoption of 

the International Convention on Standards of Training, Certification, and Watch-

keeping for Seafarers [STCW], 1995 (STCW 95) was supported by two main groups of 

member states with strong interest in improving competency for seafarers. The first 

group consisted of states whose merchant fleets largely employ foreign seafarers and 

would benefit from improved safety of their ships, resulting from an improved 

worldwide seafarer training standard. The second group consisted of major suppliers 

of manpower for the world’s merchant fleet. These countries would benefit from 

technical and financial assistances from countries employing their seafarers to 

improve the quality of maritime education. As a result, both these two groups of 

member states participated actively in the review of STCW 78 and the subsequent 

adoption of SCTW 95 (Dirks, 2004). 

Besides national interest, a member state’s influence is affected by the resources 

committed to strengthen its stand at the Organisation. In this regard, there is a 

significant division between developed and developing countries. Developing 

countries often do not have resources to send large delegations and, therefore, are not 

represented in all IMO sessions. Also, these states often lack the technical expertise 
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to understand and form an opinion on the issues under consideration. Developed 

countries, on the other hand, have both the technical expertise and the capacity to 

send large delegations to the IMO and guarantee their representation in IMO 

meetings at all levels. Furthermore, many delegates from developed countries have 

attended IMO meetings for many years and have substantial personal influence over 

IMO proceedings. As a result, developed countries often have superior power over 

IMO decisions (Svensson, 2014). It should be noted that the two terms “developed” 

and “developing countries” used in this section only have arbitrary meaning and 

countries such as China, India, or Russia, which are categorised as Developing 

Economies (IMF, 2021), do have a strong influence at the IMO. These terms only 

denote a country’s ability to commit financial and human resources to influence IMO 

negotiations, which can be determined by factors such as the size of national economy, 

size of the national fleet through ownership and/or registry, membership in the IMO 

council, and personal influence of individual delegates (Tan, 2005).  

2.4. The development of the S-mode guidelines  
The topic under study of this thesis is the development of MSC.1/Circ.1609 – the S-

mode guidelines, which started in 2007 and completed in 2019. This section briefly 

summarises key events associated with the development of the S-mode guidelines.  

The S-mode guidelines began with the introduction of a concept called “S-mode” by 

the International Federation of Shipmasters’ Associations [IFSMA] to NAV 53 in 

2007 (IMO, 2007c). The IFSMA raised the issue of variety in interface design between 

manufacturers of navigation systems, which caused difficulties for training and 

familiarisation especially under time-constraints such as in the case of maritime pilots 

boarding new ships. To address this issue, the IFSMA called for the introduction of a 

standard interface mode for all navigation displays. This standard interface mode, 

called “S-mode” would be activatable by a single operator action (IMO, 2008b). The 

development of S-mode was proposed as an additional output to an existing IMO 

initiative called “e-Navigation”5. NAV 53 did not endorse the concept as it was 

                                                   

5 E-Navigation is an initiative of the IMO, aiming to regulate the development and implementation of modern 
information technology in shipping (Hagen, 2017). 
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considered immature but recommended IFSMA to continue developing the concept 

and update the sub-committee with the progress (IMO, 2007d).  

Between 2008 and 2013, there was limited development of the concept of S-mode and 

negotiations were focused on getting S-mode accepted as a part of e-Navigation. Since 

the introduction of the concept, there had been two main opinions among IMO 

members and NGOs, one supporting and one disapproving of S-mode. In NCSR 1 in 

2014, there was a major challenge to the status of S-mode among e-Navigation 

outputs and a voting was conducted to decide whether S-mode should be retained 

among the e-Navigation solutions. The outcome of the voting supported the 

retainment of S-mode in e-Navigation agenda. S-mode officially became an output of 

e-Navigation after being approved by the MSC during their 94th session (IMO, 2014a).  

In 2015, an informal correspondence group was formed to work on S-mode, led by 

Australia. This correspondence group was “informal” since the number of 

correspondence groups at the time had reached the limit as prescribed by the 

Organisation and it was not possible to establish another official correspondence 

group. Nevertheless, this informal correspondence group functioned as an official 

one. The main task of the group was to determine an exact scope of S-mode, 

specifically which equipment was to be implemented and what exactly would be 

standardised. The group could not develop a scope of S-mode agreeable to all parties 

involved and no progress was achieved during 2015-2016. However, the group did 

conduct several studies to understand user behaviour during work with shipboard 

navigation systems.  

A breakthrough came in 2017 when the CIRM proposed a new scope of S-mode that, 

instead of standardising the entire interfaces, would only standardise certain features 

of the interfaces including symbology, terminology, arrangement of key control 

functions, quickly accessible functions, and default system configurations. This 

proposal gained support from the majority of stakeholders and was subsequently 

approved as the official scope of S-mode in NCSR 5 (IMO, 2018a). The informal S-

mode correspondence group was officialised and tasked with developing contents for 

the S-mode guidelines, based on the established scope.  
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The work during 2018 was to develop and finalise the contents of the S-mode 

guidelines through conducting usability studies and applying results of previously 

conducted user studies. The finalised draft of the S-mode guidelines was submitted to 

NCSR 6 for consideration. NCSR approved the draft with minor adjustments and the 

guidelines were subsequently adopted at MSC 101 as circular MCS.1/Circ.1609.  

2.5. Relevant earlier studies 
To the author’s knowledge, there has not been any previous study on the development 

of HF policies and regulations in shipping. A reason is because the topic of human 

factors itself only recently entered the maritime domain, first considered by the IMO 

in the early 1990s following the loss of the Herald of Free Enterprise (Kim, 1997). 

Since then, IMO’s discussions on HF have led to major outcomes such as the 

Organisation’s strategy to address the human element (IMO, 2006a) and the 2010 

Manila amendments to STCW Convention. However, the introduction and 

implementation of HF-related policies and regulations by the IMO is characterised by 

a slow pace of advancement and a disconnection with academic studies. Schröder-

Hinrichs et al. (2013) conducted a review of HF-related research articles published 

between 1973 and 2012 in the Journal of Navigation (380 articles) and Maritime 

Policy & Management (133 articles) as well as HF-related documents submitted to the 

MSC between 1985 and 2012 (2158 documents). Their results suggest that the 

consideration of HF-related matters at the IMO is affected by the infrequent interval 

of IMO meetings at all levels, which reduces the speed of decision-making. 

Additionally, academic findings are not properly applied in IMO decisions and results 

of academic work are mainly used to justify arguments at IMO meetings (Schröder-

Hinrichs et al., 2013).  

Although the development of IMO HF-related policy is not a well-studied topic, there 

is a large body of literature on IMO regulatory instruments concerning training 

standards for seafarers and environmental protection. These studies can be used as 

references to factors affecting decision-making at the IMO during the development 

and/or amendments of regulatory instruments.  

Considering standards of training for seafarers, Dirks (2004) analysed the decision-

making process behind STCW 95. Similar to the work on marine pollution 
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preventions policies previously discussed, the work on STCW 95 can also be 

characterised as series of discussions and negotiations between IMO member states 

and NGOs. Dirks (2004) focused specifically on the way involving parties resolve their 

conflicts of interest and provided an explanation through two theoretical approaches: 

rational choice and social constructivism. With the rational choice approach, Dirks 

(2004) identified aspects of the adoption of STCW 95 that benefits the member states 

and NGOs. Using a social constructivism approach, Dirks (2004) described factors 

shaping the interests and behaviours of the involved parties. Combining the two 

approaches, this work suggests that STCW 95 was made possible by a group of 

influential IMO members who could negotiate and align their overlapping interests 

with the adoption of STCW 95. While the topic is different, the context of this study is 

similar to S-mode and the findings provides relevant insights into decision-making 

processes at the IMO.  

Regarding environmental protection policies, Svensson (2014) studies the reasons 

behind the selection of a regional approach instead of a global one in implementing 

SOx Emission Control Areas. The findings suggest that the stakeholders involved in 

decision-making were divided into two groups, one supporting the global approach 

and the other supporting the regional approach. The final decision was made based 

on an agreement between the two groups as there was insufficient scientific data to 

make a conclusive policy decision. Both groups used incomplete scientific data to 

justify their arguments with underlying economic motives. Decisions were strongly 

connected to the economic interests of the involved decision makers and NGOs had a 

significant influence in shaping the policy, particularly the Oil Companies 

International Marine Forum [OCIMF]. An earlier study by Tan (2005) provides an 

overview of the actors and activities behind environmental protection regulations in 

shipping until 2006. The study also analyses the decision-making process that led to 

the adoption of Annex VI of International Convention for the Prevention of Pollution 

from Ships [MARPOL]. Similar to the work of Svensson (2014), this study also 

suggests that similar conflicts of interest and the political dynamics among IMO 

members and NGOs shaped decisions at the IMO. 
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In summary, earlier studies on the development of IMO regulatory instruments 

consistently point toward the conflicts of interests and political influence of members 

as having significant impact on shaping IMO policies. The actual actors involved, their 

interests and decision-making power, however, differ between contexts. 
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3. Joint activity as the theoretical framework 
In this doctoral study, the interaction and collaboration between IMO members and 

organisations in the development of the S-mode guidelines is viewed through the 

concept of joint activity introduced by Clark (1996). This chapter discusses major 

characteristics of the joint activity concept and how the concept is applicable for the 

topic under study.  

3.1. The concept of joint activity 
The concept of joint activity was defined by Clark (1996) as any activity with more 

than one participant, where the participants coordinate to reach common goals and 

their actions are interdependent. In his work, Clark (1996) uses the concept to explain 

how people use language in communication. However, Clark (1996) based his 

definition of joint activity on Levinson (1979)’s notion of “activity” as any culturally 

recognised activity whether or not any use of languages is involved. Thus, the concept 

of joint activity can be used to describe an activity in any domain, as long as such 

activity satisfies the criteria to be considered a “joint” one.  

The following section discusses the prerequisites of a joint activity and how the efforts 

from involved stakeholders in developing the S-mode guidelines can be considered a 

joint activity.  

3.2. Common goals and Interdependence between participants 
From the definition, it can be deduced that a joint activity is only formed when at least 

two participants agree to work together to achieve certain goals. Such an agreement 

is termed “Basic Compact” and represents the level of commitment for all parties to 

be a part in the joint activity (Klein et al., 2005).   

An important aspect of the Basic Compact is the commitment of the involved parties 

to align their individual interests to a certain degree to form common goals (Klein et 

al., 2005). Participants in a joint activity often purse multiple goals at once. Clark 

(1996) categorises goals into public and private goals. A public goal is a goal made 

aware to all participants, either through official announcements or tacit 
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acknowledgements.  A private goal, on the other hand, is hidden from view and known 

only to the concerned participant. Common goals in a joint activity must be public.  

Having common goals does not mean all participants in a joint activity follow the 

same agenda. More often, each party has individual goals, which can be either public 

or private. In some cases, individual goals of each party can conflict with each other. 

Under such circumstances, collaboration can only be achieved if the parties are willing 

to take actions to find alignments between their individual goals to create common 

goals.  

In the case of S-mode, from the official introduction of the concept in 2007 to the 

point before S-mode became an official e-Navigation solution following MSC 94 in 

2014 (IMO, 2014a), there was no common goal among the involved parties. However, 

after S-mode officially became an item on the agenda of e-Navigation, the involved 

stakeholders managed to have common goals. The first was to determine a scope of 

S-mode, and the second was to develop the contents of the S-mode guidelines. 

Another prerequisite of joint activity is the interdependence between the involved 

parties. Clark (1996) argues that, in a joint activity, the actions of one party must have 

certain impacts on the actions of other parties and vice versa. If the actions of parties 

to an activity have no influence on each other, such an activity is not considered a joint 

activity but a parallel activity.  

As an IMO initiative, the work to develop S-mode has, since the beginning, been a 

series of negotiations and agreements between IMO member states and 

organisations. There were always arguments and counter arguments, and actions of 

one stakeholder significantly affected actions of others, even when there was no 

common goal.  

Considering both criteria, it can be argued that the later phases in the development of 

the S-mode guidelines fit the criteria of a joint activity. The absence of a common goal 

at the beginning means there was no joint activity at the earlier phases in the 

development of S-mode. However, the model of joint activity is still applicable to 

explain events during these earlier phases. Specifically, it helps explain the presence 
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of conflicting individual goals and how the participants subsequently compromised 

and created common goals.  

With the formation of a joint activity, there are factors that facilitate or hinder the 

collaboration between participants. The following section discuses facilitators in a 

joint activity.  

3.3. Facilitators in joint activity 
Effective coordination in a joint activity requires the participants to be able to predict 

the actions of others, share a common perspective, and direct each other to adapt to 

changes in the situations (Klein et al., 2005). This section discusses factors facilitating 

effective coordination in joint activity: interpredictability, directability, and common 

ground. 

3.3.1. Interpredictability and Directability 
Both interpredictability and directability are important factors in coordination. 

Directability refers to the ability of participants to direct actions of each other to adapt 

to situational changes during the course of a joint activity (Christoffersen & Woods, 

2002). Directability is important for building resilience in team collaboration. 

Interpredictability refers to the ability of a participant in a joint activity to predict the 

actions of other participants with a reasonable degree of accuracy (Klein et al., 2005). 

In combination, interpredictability and directability allow participants to establish 

and maintain effective collaboration. Both factors can be improved by several means.  

One way to improve interpredictability is by having a formal action plan shared 

between participants. In such a way, participants have an expectation of the actions 

of others. Additionally, predictability is significantly improved when participants can 

take on the perspective of others.  

[In the case of S-mode, this phase of the joint activity could be said to have started in 

2015. At this point the work plan of the S-mode CG acted as the script to let the 

involving parties be informed of the work to be performed by each member].  
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3.3.2. Common Ground 
The most important basis to for effective collaboration is a common ground, which is 

defined as mutual knowledge, mutual beliefs, and mutual assumptions shared among 

members of a joint activity (Clark & Brennan, 1991). It is this shared foundation that 

allows participants to predict and direct each other’s actions.  

Common ground is not static but rather constantly develops as participants 

communicate, update and repair their mutual understandings throughout the course 

of a joint activity (Brennan, 1998). At any moment, the common ground can be 

characterised by three elements: initial common ground, current state of the activity, 

and public events so far. Initial common ground refers to background facts and 

assumptions forming the presuppositions of each participant when entering the joint 

activity. Current state of the activity refers to the participants’ presuppositions of what 

is currently occurring within the joint activity. Public events so far are presuppositions 

of what public events have occurred since the beginning up to the current point of the 

joint activity (Clark, 1996).  

The term “presupposition” is used here to emphasise that people do not always know 

all the constituents of the common ground. In other words, participants in a joint 

activity cannot always be certain of exactly which information and what beliefs they 

mutually possess at a given time. Each participant has a personal version of what he 

or she believes to be the common ground and that is what they act upon. As a result, 

discrepancies sometimes occur and can hinder collaboration. In such cases, the 

participants need to carry out “repairs” to realign their common ground.  

It is common for participants in a joint activity to have different perspectives due to 

differences in background, experience, and circumstances. As such, it is common for 

discrepancies in perceiving common ground to emerge and it is argued that correcting 

such discrepancies requires participants in the joint activity to negotiate and resolve 

their differences, effectively improving the quality of collaboration (Feltovich et al., 

1996).  

In the case of S-mode, an initial common ground existed before the emergence of the 

S-mode concept in that all IMO members and organisations had an experience of IMO 
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work. As a result, IMO members and organisation share knowledge on IMO working 

principles. When the S-mode concept was first introduced in 2007, descriptions of the 

original S-mode concept were added to the shared knowledge between IMO members 

and organisations. However, it can be argued that a common background did not exist 

or exist at a very weak form at this point as people viewed S-mode very differently and 

there was limited exchange of information. As mentioned in section 3.2, S-mode 

officially became an e-Navigation following MSC 94 in 2014, and this was the moment 

when people started building an updated common ground. This common ground 

constantly evolved throughout the course of developing S-mode. Discrepancies did 

arise and participants had to take corrective actions to realign their perceptions of the 

common ground. Chapter 7 provides a discussion on common ground shared between 

members of the S-mode CG. 
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4. Methodology 
As discussed in section 1.1 on the context of this doctoral study, the author of this 

thesis assumed two identities during the research process, first as a member of the S-

mode CG from 2017 until NCSR 6 in January 2019, and subsequently as a researcher 

studying the S-mode development process from February 2019 to 2022. This study 

was organised in two phases, corresponding with the duration of these two identities. 

Each phase served one of the two research objectives discussed in section 1.4 and 

employed different sets of methods. 

This chapter describes the methods used in each research phase and discusses the 

rationale behind the selection of methodology for this study. The chapter is organised 

in two main sections, each addressing one of the two research phases.  

4.1. Phase 1 - Usability studies to develop S-mode 
The main contents of the S-mode guidelines are four standard features for the 

interfaces of shipboard navigation systems: icons & terminologies, grouping of key 

control functions, functions that must be quickly accessible, and default system 

settings. These standard features were developed following the principles of user-

centred design, specifically following the guidance provided in standard ISO 9241-210 

(ISO, 2010). 

User-centred design [UCD] is a design approach that bases the design upon an explicit 

understanding of users, the tasks to be performed, and the intended working 

environment. Following UCD principles, the design is developed and refined by user-

centred evaluation and the whole design process is iterative. Figure 2 illustrates the 

interdependence of activities in a user-centred design process. 
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Figure 2. User-centred design activities (ISO, 2010) 

A major activity in a UCD process is studying user needs to specify the requirements 

for the system being designed. In the case of S-mode, this step was done by several 

user studies conducted by members of the development group. The author of this 

thesis was responsible for three studies.  

The first study was a review of cognitive analyses of marine navigation tasks. The aim 

of this study was to identify which tasks a mariner perform when engaging in 

navigation duties, and which functions of bridge equipment are required to support 

mariners in doing their jobs. The author has originally planned to perform a new task 

analysis but changed the plan after considering two factors. Firstly, there have been 

several analyses of navigation tasks done both in academia and in the industry, and 

all of them have limitations. Secondly, conducting a new comprehensive analysis is 

time- and resource-consuming, even more so if the author would attempt to avoid the 

limitations of previous analyses. As a result, the author decided not to conduct a new 

analysis, but rather to review existing analyses, accommodate their shortcomings, and 

combine the results. Given the advancement of navigation techniques over time, the 
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analyses done by Sanquist et al. (1994), Røed (2007), Procee et al. (2017), Van 

Westrenen (1999), and Koester et al. (2007) were considered. The author took the 

following measures to address the shortcomings of these analyses: 

• The analyses were conducted over a long period of time. As a result, some of 

the identified tasks reflect out-dated practices, many of which have been 

automated or modified. To address this issue, the research team identified such 

out-dated practices and updated them using literature on contemporary 

nautical practices (IMO, 2004, 2006b, 2007b; Swift, 2004) and the experience 

of the researchers, all of whom were seafarers. An example is the task of 

computing Target Relative Motion and True Motion Vectors by plotting on the 

Radar Plan Position Indicator [PPI], as described in the analysis by Sanquist 

et al. (1994), which has long been automated by Automatic Radar Plotting Aid 

[ARPA]. 

• Many existing task analyses have a limited scope, such as area of observation, 

people observed, or having specific operational contexts such as high-speed 

crafts (Røed, 2007). To address this issue, the author identified such specific 

tasks and removed or adapted them to conventional navigation scenarios. This 

step was taken using two sources of reference. The first one is literature on 

contemporary nautical practices and the experience of the author and 

colleagues who were previously deck officers on merchant ships. The second 

source is the results of the survey on Frequency of Use [FOU] for standard 

functions of INS, which will be discussed in subsequent sections. 

• All existing analyses lack details in some of the identified tasks while giving 

sufficiently detailed descriptions for others. To address this issue, the research 

team merged all analyses together, allowing the merits of one analysis to 

accommodate for the shortcomings of another. Results of the FOU survey were 

also used to add details to under-specified tasks. 

The second study was a review of mandatory functions that must be available on 

Radar, ECDIS, and INS. The author reviewed performance standards for Radar, 

ECDIS, and INS and listed mandatory functions.  
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The third study was a survey on the frequency of which seafarers operate each of the 

mandatory functions of an INS. The survey was distributed online with the support of 

the Nautical Institute. 601 seafarers took part in the survey, rating the frequency of 

use for each function and describing the purposes and scenarios of use. The results 

identify functions that are most frequently used and provides more insights into the 

usage pattern of navigation equipment. Results of this study are included in Paper I 

(Vu et al., 2019), attached to Annex 1 of this thesis.  

In combination, the three aforementioned studies helped establish an overview of the 

way seafarers operate navigation equipment and guided the development of the S-

mode guidelines, particularly the four standard interface features. As illustrated in 

Figure 2, once the context of use and user requirements are identified, the next step 

in a UCD process will be to develop design solutions to address user requirements 

within the defined context of use. In the case of S-mode, it was the CIRM who 

developed the first edition of the four standard interface features and they introduced 

this edition during the 2017 e-Navigation underway Asia-Pacific conference in Jeju, 

Republic of Korea (IALA, 2017). Details of this first edition are included in the first 

complete draft of the S-mode guidelines, approved in NSCR 5 (IMO, 2017a). 

Following a UCD approach, this first edition of the four standard interface features 

must be tested to evaluate the extent to which it satisfies user requirements. To this 

end, the S-mode CG conducted several usability studies. The author of this thesis was 

responsible for two usability studies, the details of which are summarised in Table 1. 

It should be noted that these two studies only contribute a part of the work done by 

the S-mode CG to develop and finalise contents for the S-mode guidelines. Presenting 

full details of these studies without disusing the work done by other members of the 

S-mode CG would be out of context. As a result, this section will only provide a 

summary of these two usability studies together with links to relevant references in 

Table 1. Section 6.3 will discuss these studies together with the work done by other 

members of the S-mode CG in more details.  
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Table 1. Usability studies conducted by the author during the development 

of the S-mode guidelines 

Usability 

study 

Objectives Number of 

participants 

References 

Icon usability 

tests 

Test the 

recognisability of 59 

icons representing 

essential functions 

and information on 

navigation 

equipment 

424 seafarers Details of the test methods 

and parts of the results are 

presented in Paper II (Vu & 

Lutzhoft, 2019), attached 

to Annex 2 of this thesis 

Full results of the tests are 

presented as a technical 

report, submitted to the S-

mode CG. A copy of this 

report is attached to Annex 

7 of this thesis 

Logical 

grouping of 

essential 

functions 

Develop a pattern to 

group essential 

contents on the 

display of navigation 

equipment 

63 seafarers in 

the formative 

study 

35 seafarers in 

the summative 

study 

Results submitted to the 

Journal of Navigation, 

accepted and currently 

under production. Details 

are presented in Paper III  

(Vu, Lutzhoft, et al., 

2022b), attached to Annex 

3 of this thesis 

 

Phase 1 of this study concluded when the S-mode guidelines was officially adopted by 

the MSC in 2019. From that point onward, this doctoral study entered the second 

phase with the objective of identifying contextual factors that influenced the 

development of the S-mode guidelines. 

By participating in the development of the S-mode guidelines, the author developed 

a thorough understanding of the technical aspects of S-mode and established a 
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collaborative relationship with representatives of major stakeholders. Through this 

involvement, the author had access to a wide range of documentation including 

reports and papers issued by and submitted to various IMO organs and associate 

organisations as well as internal discussions among members of the team developing 

the S-mode guidelines. This background played an important role in deciding a 

research approach for the 2nd phase of this study. 

In the following sections, the author will discuss the rationale behind the choice of a 

case study approach for the 2nd research phase and provide a detailed description of 

the procedures followed. 

4.2. Phase 2 - A case study on the development of S-mode  
The choice of research methodology is influenced by the research context and guided 

by the research aim(s), epistemological concerns, and norms of practice of relevant 

work in the research area (Buchanan & Bryman, 2007). 

To select a suitable methodology for the 2nd phase of this doctoral study, the most 

important factor to be considered was the research objective of understanding 

contextual factors that shaped the development of S-mode, particularly the 

interactions between stakeholders with different agendas and decision-making 

power. Achieving this objective requires a clear understanding of context and the 

inclusion of the multiple perspectives of the involving stakeholders. Understanding of 

context is a prerequisite to see an action through the perspective(s) of the actor(s) and 

to provide explanations to such action (Mason, 2002). The inclusion of stakeholders’ 

multiple perspectives is also important to achieve the desired level of 

comprehensiveness and improve the validity of the findings.  

Case study is a qualitative methodology suitable for providing a holistic, in-depth 

understanding of social phenomena in the natural context and is capable of bringing 

out details from the multiple viewpoints of the involving stakeholders (Johansson, 

2007; Tellis, 1997a; Yin, 2009). Case study methodologies have been employed in 

studying similar topics, such as the adoption of STCW 95 (Dirks, 2004) or the 

development of the Convention on Long-range Transboundary Air Pollution (Lidskog 

& Sundqvist, 2002).  
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Considering the aforementioned factors, the decision was made to adopt a case study 

methodology for this 2nd phase of the doctoral study, specifically following the 

instrumental framework. In an instrumental case study, it is not the main priority to 

understand the case itself but rather, through an understanding of the case, providing 

insights into an external matter, which could be an issue that needs to be addressed 

or a theory requiring refinements (Stake, 1995). In other words, the case under study 

is of secondary interest and serves a supporting role, enabling the researchers to 

understand the external interest. To serve this supporting role, the selected case 

would be looked at in depth, with detailed analysis of the underlying contexts and 

involved activities. In this thesis, the case of interest is the development of the S-mode 

guidelines, with the underlying goal of explaining the lack of human factors 

consideration in designing bridge equipment through a regulatory viewpoint. 

An important question to consider when conducting case studies is the choice 

between the single-case and multiple-case approach. Meyer (2001) suggests a 

multiple-case approach is more desirable to a single-case approach due to the 

advantage of enhanced external validity and reduced observer bias. The study of 

multiple cases, each with its own context, allows the researchers to analyse and 

compare across contexts and generalise theories. Flyvbjerg (2006), however, 

challenges this view and argues that an in-depth study of a single case can generate 

knowledge valid beyond the local context, especially when used for falsification 

testing. The author of this thesis supports both views and believes a multiple-case 

approach should be followed if applicable while, at the same time, also acknowledges 

the contribution of single-case studies in generating and expanding scientific 

knowledge. This study follows a single-case approach as a pragmatic choice. Case 

selection in multiple-case studies aims for information richness rather than 

randomisation as in the case of statistical sampling and often aims for cases of polar 

types (Eisenhardt, 1989). Following a multiple-case approach requires access to data 

of multiple cases with comparable levels of detail, which was not practical under the 

circumstances of this doctoral study. On the other hand, with the single-case 

approach, the author had access to a large amount of data on the development of the 

S-mode guidelines from multiple sources. As a result, a single-case approach was 

selected, and measures were taken to address the weaknesses of single-case approach. 
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The following sections explain the procedure for this 2nd research phase, including 

methods for data collection and analysis.  

4.3. Planning and conducting the 2nd research phase 
To address the weaknesses of the single-case approach previously discussed, this 

study employs an embedded design, treating the perspectives of each major 

stakeholder in the development of S-mode as a separate unit of analysis. Using sub-

units within a larger case allows the analysis of data within each sub-unit and 

comparison across sub-units, similar to within case and cross cases analysis in a 

multiple-case approach (Baxter & Jack, 2008). In specific, the viewpoints of each 

major stakeholder involved in developing S-mode were collected and compared with 

each other, and special attention was given to conflicting ideas and recollections. 

Furthermore, the study employs triangulation of data and investigators.  

Triangulation of data was achieved by using multiple data sources. The second phase 

of this doctoral study was conducted in two consecutive steps of data collection and 

analysis. The first step aimed to analyse the development of S-mode through studying 

written records accessible to the author, including official records issued by the IMO 

and relevant organisations, email correspondences between members of the S-mode 

CG, and the author’s personal record. Once this step was completed, the author 

commenced the second step, which aimed to analyse the development of S-mode 

through the perspectives of the major stakeholders. The objective of this second step 

was to validate results of the first step and provide a more comprehensive account of 

the S-mode development process.  

Triangulation of investigators was achieved by having multiple researchers involved 

in data analysis and interpretation. The author conducted data analysis 

independently, but the results were subsequently discussed with two supervisors. Of 

these two supervisors, one person was also a member of the S-mode CG while the 

other was not involved in the development of S-mode.  

The following sections 4.3.1 and 4.3.2 will provide a detailed description of the 

procedures for data collection and analysis. 
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4.3.1. Step 1 - Document analysis 
The approach in this step was inspired by the qualitative historical analysis approach, 

which refers to the qualitative methodological approach for studying past events by 

investigating documents (Thies, 2002). This approach has been employed in studying 

policy-making process in international negotiations, an example of which is the study 

on IMO Sulphur regulations for ships by Svensson (2014). As mentioned in section 

1.1 on the research context, the author of this thesis was not involved with the 

development of the S-mode guidelines prior to 2017 and, therefore, must rely solely 

on historical sources for events occurred before that year. 

The choice of historical documents is crucial in qualitative historical analysis. Thies 

(2002) categorises historical sources into primary and secondary sources. Primary 

sources are original materials produced on an event while secondary sources refer to 

documents written about an event subsequent to its occurrence. This thesis uses both 

primary and secondary sources in the form of: 

1. Official documents including documents submitted to IMO negotiations, 

reports issued by various IMO organs, and supportive documents from 2007 

to 2019 

2. Material available to members of the group developing the S-mode guidelines, 

including email correspondence between members and relevant materials 

published by the group (reports, presentations, and magazine articles).  It 

should be noted that the author has access to materials published during his 

time as a member of the group developing the S-mode guidelines (2017 – 2019) 

3. Personal records of events related to the development of S-mode, kept by the 

author during his time as a member of the group developing the S-mode 

guidelines (2017-2019) 

Of these three data sources, the first source generates the most amount of data as it 

covers the whole process of developing the S-mode guidelines since the first 

emergence of the concept to the final approval of the guideline. The archival 

procedure started with a review of documents from all NCSR sessions between 2014-

2019 and NAV sessions between 2007-2013. The reason is that S-mode was an item 

under the agenda of e-Navigation, under the coordination of NCSR (and NAV before 
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2014). Any document containing information related to the concept of S-mode was 

shortlisted. These initial shortlisted documents led to relevant documents issued by 

Sub-Committee on Standards of Training and Watchkeeping [STW], MSC, as well as 

records of IMO events kept by delegates of member states and organisations, 

particularly the Norwegian Maritime Authority [NMA] (Norwegian: 

Sjøfartsdirektoratet). In total, 90 documents were included as the first data source 

for this study. These documents are listed in Paper IV (Vu, Lutzhoft, et al., 2022a), 

attached to Annex 4 of this thesis. 

It is understood that each of the three data sources used in this first step has its 

limitations. Official IMO documents were drafted by the secretariats and, in the case 

of working papers, by the corresponding working groups. As a result, these documents 

were intentionally edited and the selection of which information to be included were 

not entirely objective. The same issue applies for documents drafted by IMO member 

states and organisations. Furthermore, there were unofficial events taking place 

outside of the IMO which, while not being described in official documents, had an 

effect on shaping the S-mode guidelines. Data from the second source – material 

available to members of the group developing the S-mode guidelines – are more 

detailed and all arguments and recommendations are recorded. However, as 

mentioned above, this second data source is not comprehensive as it covers the period 

between 2017 and 2019. The third data source contains the author’s subjective 

interpretation of events occurred between 2017 and 2019, which means the data are 

incomprehensive and potentially biased. As a result, these three data sources are used 

in combination. The first source forms the core part of data for this phase. The second 

and third data sources are used to complement the first data source, providing more 

details on the events that occurred, adding descriptions of unofficial events not 

recorded in official IMO documents, and confirm the accuracy of IMO reports.  

During this document analysis, the objective was to reconstruct the events during the 

development of the S-mode guidelines without any in-depth analysis. All gathered 

documents were examined in chronological order with the aim of identifying key 

events. As stated in section 1.4, the term “key event”, as used in this thesis, refer to 

any occurrence that has, or might have, led to changes to either the scope of S-mode, 
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the contents of S-mode, or the status of S-mode on the IMO agenda. Each key event 

was identified together with the involved actors and all relevant background 

information. Factors affecting each of the identified key events were categorised into 

technical and non-technical factors.  

4.3.2. Step 2 – Interviews with major stakeholders 
The results of the document analysis, as discussed in 4.3.1, provide an overview of key 

events during the development of S-mode and the actors involved in each event. 

However, this account was not comprehensive due to the weaknesses with document 

data as previously discussed. The next step was to address such weaknesses by 

collecting additional data from another source. The objectives were to provide a more 

comprehensive account of the development of S-mode and understand key events 

through the perspectives of the involving stakeholders.  

To achieve the stated objectives, the author discussed results of the document analysis 

with major stakeholders. These discussions were conducted in the form of one-on-

one interviews between the author and representatives of the identified major 

stakeholders. 

To select the stakeholders to be studied, a stakeholder analysis was conducted using 

an adaptation of the stakeholder matrix version 2 of Heidrich et al. (2009). The 

procedure was as follows: 

• The authors listed all stakeholders involved in the development of S-mode as 

identified in step 1  

• The authors ranked the stakeholders on two characteristics: technical and 

political contributions. Technical contribution refers to the work performed by 

a stakeholder, through technical expertise and resources, to shape the contents 

of S-mode. Political contribution refers to the political and diplomatic work a 

stakeholder performed to influence IMO decisions related to S-mode 

Following the stakeholder analysis, interviews were conducted with selected major 

stakeholders (n = 4). These interviewees represented two IMO member states: 

Australia and The Republic of Korea, and two NGOs: NI and CIRM.  
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Before the interviews, the authors shared with each interviewee a summary of the 

results of the document analysis in step 1, which summarised the process of 

developing the S-mode guidelines together identified key events. This step was done 

to allow the interviewees to make necessary preparations such as holding discussions 

within their own organisations. 

The interviews were semi-structured. Using predetermined questions, the 

interviewees were asked to review the identified key events during the development 

of S-mode and give their own accounts of such events.  Based on the interviewees’ 

answers, there were follow-up questions aiming to understand such key events 

through the interviewees’ viewpoints.   

The interviews with major stakeholders generated a fourth source of data, which 

enriched the available data set. This fourth data source did not contradict any result 

obtained from the first step. Rather, the data added a level of reflection of major 

stakeholders on events happened during the development of S-mode and provided 

further explanations as to why S-mode ended up as document MSC.1/Circ.1609. 

4.4. Methodological rigour 
As previously mentioned, this doctoral study was conducted in two phases with 

different objectives and methods. The first phase, as discussed in section 4.1, involved 

studies conducted to design standard features on the interfaces of navigation systems 

following a user-centred approach. The methods and procedures for conducting these 

studies are detailed in Papers I, II, and III, together with discussions to justify the 

validity and reliability of each study.  

This section only discusses the conduct of phase 2 of this doctoral study, focusing on 

the application of case study methodology to study the development of S-mode. 

Case study is grounded in the qualitative research paradigm where the research 

objective is to better understand a question, problem or issue and the research 

questions are broadly defined. This contrasts with quantitative research which is 

based on precise measurements of defined variables (Denzin & Lincoln, 2018). As a 

result, common criteria for quantitative studies such as the use of random sampling 

techniques or controlled experiments are not applicable for case study research. Still, 
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as with any other research methodology, there are established criteria to ensure case 

study research is conducted with rigour. 

Yin (2018) suggests the following factors to consider when evaluating case study 

research, namely construct validity, internal validity, external validity, and reliability. 

4.4.1. Construct validity 
For qualitative research in general, construct validity refers to the “quality of the 

conceptualisation or operationalisation of the relevant concept” (Gibbert et al., 2008, 

p. 1466). In other words, construct validity refers to the extent to which the design 

and conduct of a study leads to an accurate investigation of the topic under 

investigation (Denzin & Lincoln, 2018).  

In this doctoral study, the main research objective is to identify influential factors 

behind key events that shaped the development of S-mode. As previously stated in 

section 1.4 on research objectives, the author defines “key events” as any event or 

decision that led to the establishment of or changes to at least one of the following: 

the status of S-mode at the IMO, the scope of S-mode, or the content of S-mode. The 

influential factors behind each key event were identified through analysing available 

written records and interviews with major stakeholders.  

Case study is often criticised for lacking well-considered measures and the 

researcher’s subjective judgements are used to collect data (Meyer, 2001). To 

strengthen construct validity in case studies, Yin (2018) recommends three measures. 

One way to guard against this subjectivity is to use multiple sources of evidence and 

allow rival conclusions to be considered. This study responses to this suggestion by 

collecting data from multiple sources: official records by the IMO and other maritime 

organisations, email correspondence within the S-mode CG, the author’s personal 

record, and interviews with four major stakeholders. These multiple sources of data 

allow the author to approach the development of S-mode from multiple angles. The 

interviews with major stakeholders were semi-structured and special attention was 

given to conflicting perspectives between interviewees. The study could have been 

improved by interviewing more members of the S-mode CG to generate a more 
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comprehensive data set. However, such an attempt was not possible given the limited 

timeline of this doctoral study.  

Another measure to strengthen construct validity is to establish a chain of evidence to 

allow reconstruction of the whole research process from the formation of research 

question to the conclusions. In this study, the author has provided a detailed 

description of procedures for data collection and analysis. The first data source, which 

contains official records from IMO and other maritime organisations, are detailed in 

Paper IV. Other data sources including email correspondence between members of 

the S-mode CG and interviews with major stakeholders are made available for a 

selected group of researchers.  

Finally, construct validity can be improved by having the draft case study report 

reviewed by key informants. In response to this recommendation, the author has sent 

summarises of the initial findings to the interviewees for review. The same summaries 

were sent to two other members of the S-mode CG who were not involved in this study 

for review. 

4.4.2. Internal validity 
Internal validity refers to the causal relationships between variables and results. 

Having strong internal validity means the researcher has provided arguments 

compelling enough to defend the research conclusions (Yin, 2013). 

Several measures to strengthen internal validity of case study research have been 

established in existing literature (Meyer, 2001; Tellis, 1997a; Yin, 2018) and can be 

summarised in three practical solutions: having a descriptive framework to organise 

the case, analyse data from both top-down and ground-up approaches, and taking due 

consideration to rival explanations.  

The first solution requires the researcher to select or develop a structured framework 

to organise the case study. Such a descriptive framework can be based on the research 

objectives or derived from similar case studies (Yin, 2018). In this study, the author 

applied the concept of joint activity and organised the development of S-mode into 

three phases of a joint activity: the acceptance of S-mode as a part of e-Navigation, 
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the finalisation of the scope of S-mode, and the development of the contents for S-

mode. 

The second solution to improve internal validity of a case study is to conduct analysis 

from both a top-down and a ground-up approach. By top-down, the analysis starts 

with theoretical propositions which, in turn, are based on the research questions or 

existing literature (Tellis, 1997a). In the case of this study, the basic proposition was 

twofold. Firstly, the author considered the development of S-mode as following the 

course of a joint activity which consists of several joint actions, each with separated 

objectives. The second theoretical preposition was that decisions at the IMO are both 

politically-driven and technically-driven, with politics having a stronger influence. 

Such theoretical proposition was based on reviewing previous studies on the way IMO 

develop policies and standards on the topics of nautical training and marine 

environmental protection, as discussed in section 2.5. The author first assumed this 

proposition and employed a top-down approach in analysing document data during 

step 1 of this study. On the other hand, a ground-up approach means employing an 

inductive strategy when analysing data, allowing for new patterns and insights to 

emerge without being limited by prepositions (Yin, 2018). The author used this 

strategy to analyse data collected from interviewing major stakeholders during step 

2. When combining both approaches in analysing data, the author did not disregard 

conflicting explanations or descriptions of events that occurred during the 

development of S-mode. Rather, rival explanations were considered the difference in 

perspective between the stakeholders and were included in the findings. 

4.4.3. External validity 
 External validity, also known as “Generalisability”, refers to the extent to which a 

theory or explanation for a case can be valid for cases in other settings (Tellis, 1997b). 

The issue of generalisation is a frequent criticism of case study since context plays an 

integral part in a case and, as a results, findings in case studies are context-dependent. 

Also, case studies often do not study a sample of cases significant enough to allow for 

statistical generalisation, such as to infer conclusions about a population (Numagami, 

1998). Yin (2013) counters this criticism and points out that it is not statistical 

generalisation but rather analytical generalisation that forms the basis of case studies.  
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In statistical generalisation, an inference about a population is built upon the basis of 

data collected from a sample of said population. In analytical generalisation, an 

inference is made about a theory based on results from examining a specific case or 

specific cases. In this way, the generalisation is made to theory and not to population 

and refers to the extent to which such theory can be used to explain similar 

phenomenon in similar scenarios (Maxwell, 1992).  

A measure to increase the generalisability is to apply a multi-case approach which 

allows for cross-case comparison. Eisenhardt (1989) suggests a cross-case analysis 

with four to ten cases can serve as a strong basis for theory development. This 

recommendation, however, is not applicable for this doctoral study due to the limited 

time frame of the research project as well as the resource available to the author of 

this thesis. However, the author did employ an alternative measure to improve 

generalisability by comparing the case of S-mode with two related studies: the study 

on marine environmental protection regulations by Svensson (2014) and the study on 

training standards for seafarers by Dirks (2004), both of which are discussed in 

section 2.5. This measure is comparable to the conduct of different case studies within 

one organisation, which is the IMO in this case, as suggested by Yin (2018).  

4.4.4. Reliability 
Reliability refers to the absence of random error during the conduct of a research. 

Reliability is expressed by the degree to which a study can be replicated by other 

researchers following the same procedures and still yield the same results (Denzin & 

Lincoln, 2018). 

The key considerations for reliability in case study are “transparency” and 

“replication” (Gibbert et al., 2008, p. 1468). Transparency can be achieved by 

clarifying in detail the research procedure, such as by producing a case study protocol. 

Replication can be achieved by making available a case study database which should 

include research materials such as documents, notes, records, etc. Such a database 

should be organised in such a way to facilitate retrieval for other researchers or 

evaluators (Yin, 2018). 
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In this study, the author has provided a detailed description of all activities associated 

with the conduct of this case study on the development of S-mode. As mentioned in 

section 4.4.1 on construct validity, all data used in this study have been made available 

for a group of researchers. The questionnaires used to conduct interviews with 

stakeholders are also made available in Paper IV. This arrangement allows easy 

replication of this study by other researchers.  

In summary, the author has discussed in this chapter the overall design of this 

doctoral study, the choice of methodologies, and procedures for conducting each 

research phase. The following chapters 5, 6, and 7 discuss the findings and 

contributions of this study. Considering the importance of these three chapters and 

for the convenience of readers, the author once again summarises the contents of 

chapters 5, 6, and 7 as follow: 

• Chapter 5 outlines the development of S-mode from the emergence of the S-

mode concept in 2007 to the finalisation of the scope for S-mode guidelines in 

NCSR 5. The chapter focuses on two aspects: the status of S-mode as an official 

part of e-Navigation and the negotiations taken to reach a scope of S-mode 

agreeable to majority of the stakeholders 

• Chapter 6 details the work taken to develop the four standard features forming 

the core of the S-mode guidelines. This chapter focuses on the technical aspect 

of the development work, viewing it as a user-centred design project. In other 

words, this chapter presents results of the usability studies forming phase 1 of 

this doctoral study, as discussed in section 4.1 

• Chapter 7 analyses key events during the development of S-mode, identifying 

factors affecting each event. The chapter then suggests factors should be 

considered for future initiative similar to S-mode. In other words, this chapter 

presents results of the case study on S-mode forming phase 2 of this doctoral 

study, as discussed in section 4.2 
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5. The evolution of S-mode 
This chapter describes the evolution of S-mode from a concept suggested by maritime 

professionals to an official IMO project. The chapter focuses on two aspects in the 

development of the S-mode guidelines: the achievement of official status as a part of 

e-Navigation and the finalisation of the scope.  

5.1. The origin of the S-mode concept 
Toward the late 1990s, the NI started observing an increased level of sophistication 

and complexity with navigation systems, particularly with the Radar. The Institute 

also, at the time, had a vision that the future of bridge equipment would be integrated 

navigation systems. Considering potential issues with future navigation equipment, 

the NI held a series of international conferences on Integrated Bridge Systems and 

Human Element in 2002 and 2003. The attendees represented several industry 

stakeholders including equipment manufacturers, seafarers, and researchers. Many 

interesting topics were discussed but there was one particular discussion where 

delegates raised concern that navigation equipment was getting too diverse in terms 

of user interfaces and functionalities. Delegates were also concerned that the training 

were focusing mainly on teaching seafarers to use different functions and controls 

rather than teaching them how to use the equipment to navigate safely and effectively. 

The delegates argued that a greater level of equipment standardisation was needed, 

which would facilitate training and familiarisation. The NI subsequently submitted a 

paper to the IMO summarising the issues raised during the conferences. The IMO 

acknowledged these issues in circular MSC/Circ.1091 (IMO, 2003), which serves as 

the official recommendations for member states to consider when introducing new 

technology on board. 
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When the concept of e-Navigation emerged in 2005, one part of the concept involved 

improving the standardisation of bridge equipment (IMO, 2005). The NI recalled 

document MSC/Circ.1091 and started to work on finding a solution for this 

standardisation issue, in close collaboration with manufacturers of marine electronics 

through the CIRM. The manufacturers did not unreservedly support further 

standardisation efforts, believing that an increased level of standardisation would 

limit the ability to innovate and introduce new features. Such a limitation could force 

innovative manufacturers to cut back on their research and development [R&D] to be 

able to compete with manufacturers who produce low-cost systems with basic 

functionalities. The NI recognised the merit of this argument and came up with a 

solution: a separate standard interface, called “S-mode”, would exist alongside the 

brand-specific interface developed by each manufacturer. The NI believed that such a 

stand-alone standard interface would bring improved standardisation while still 

leaving room for manufacturers to innovate.  

The idea received supporting feedback from maritime professionals (Patraiko, 2007) 

so the NI, together with the IFSMA, introduced this “S-mode” concept to the e-

Navigation Correspondence Group (hereby abbreviated as “the e-Nav CG”) during 

NAV 53 in 2007. This introduction took into account the aligned goals of both S-mode 

and e-Navigation, suggesting that S-mode could potentially support the objective of 

e-Navigation in improving navigation decision making and, therefore, could be a part 

of the e-Navigation initiative. This was the first time S-mode was mentioned at NAV. 

The e-Nav CG, that time chaired by the United Kingdom, expressed interest in S-mode 

but ultimately concluded that the concept was premature at the time and declined 

endorsement. However, the e-Nav CG welcomed the initiative and invited the IFSMA 

to update the group of future progress (IMO, 2007d).  
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The S-mode concept was negatively received by marine electronic companies. While 

many complex arguments were made against S-mode, one persistent motivation from 

manufacturers was that they wanted the freedom in designing their products to use 

innovative features as selling points. Considering the large number of manufacturers 

(as of October 2021, there were 1066 members of CIRM) in such a small market as 

marine electronics, innovation and unique selling points are important to secure 

market share. Additionally, a standard interface could potentially lock in users, 

making it difficult for any subsequent change/update. On the other hand, there were 

arguments supporting S-mode, referring to published studies and particularly 

document MSC/Circ.1091, which recognised the lack of standardisation in equipment 

design as a real issue (IMO, 2003). Furthermore, there were recommendations from 

COMSAR during their 11th session calling for the standardisation of interfaces and 

operating modes for navigation equipment (IMO, 2007a). However, the discussions 

were inconclusive, and the development of S-mode was left for the NI and IFSMA to 

continue.  

The following year (2008), NI and IFSMA worked to expand the S-mode concept and 

submitted an information document to NAV 54 (IMO, 2008b). This document 

retained the original S-mode concept as a standardised display mode for navigation 

systems that can be quickly activated. The document also provided more details of 

how S-mode could be implemented in practice and described a general plan for 

development, which involved studying user needs and testing prototypes. NAV 

acknowledged this development but provided no further comments. The main focus 

of NAV, at the time, was to formulate a detailed e-Navigation concept in the form of a 

strategy implementation plan [e-Nav SIP] (IMO, 2008c) and S-mode was not a 

priority. As a result, the development of S-mode in subsequent years were 

uncoordinated and undertaken voluntarily by interested parties, including the NI, 

IFSMA, and researchers from academia.  

                                                   

6 It should be noted that although not all 106 CIRM members are manufacturers of marine electronics, a majority 
of them are. There are also government agencies such as the UK Hydrographic Office or the US Coast Guard among 
the members.   
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5.2. Becoming a part of e-Navigation 
From 2008 until the adoption of the e-Nav SIP in 2014, there was limited 

development of S-mode. The main development of S-mode during this period focused 

on getting S-mode accepted as part of the e-Navigation initiative. To this end, several 

studies were conducted to demonstrate the potential benefits S-mode could bring to 

e-Navigation. The first study was the one conducted by the IFSMA in collaboration 

with the NI from 2006 to 2009. The study aimed to identify what seafarers need from 

future technology. The results were reported to NAV 55 by the IFSMA in the form of 

an information paper. The study employed several methods including ship visits, 

interviews, technical meetings with seafarers, discussions among correspondence 

groups, networking, and discussions in technical journals. The findings suggested that 

seafarers needed a means to standardise the location and presentation of certain 

information, system menus, and interface devices such as knobs or joysticks on 

navigation displays, to which S-mode could be an solution (IMO, 2009b). 

Many IMO member states showed interest in the S-mode concept and started 

considering the potential benefits of S-mode for the e-Navigation initiative. Germany 

and Canada jointly developed a questionnaire to study user needs for e-Navigation 

and each country launched the survey independently. Germany launched the survey 

worldwide and collected data from 353 participants. The results, which were 

submitted as an information paper to NAV 55 (IMO, 2009a) showed that most 

participants supported the S-mode concept, commenting that a standardised mode of 

operation would be beneficial for pilots and seafarers who frequently change ships or 

company. Survey respondents also suggested that S-mode should be continuously 

revised to stay updated as technology advances. Canada launched their survey from 

May to October 2009 and specifically targeted Canadian maritime professionals (n = 

177). The results were submitted to NAV 56 in 2010 and indicate that that most 

participants were in favour of the S-mode concept but there was little consensus on 

the content of S-mode and how the concept should be developed. The main 

supporting arguments were that S-mode could facilitate familiarisation with new 

equipment when joining new ships as well as providing seafarers with technology 

solutions that would be more user-friendly (IMO, 2010a). Also, during NAV 56, the 

Republic of Korea (hereafter referred to as “ROK”) submitted a summary of a 
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discussion on gap analysis of e-Navigation done by members of a Korean expert’s 

forum on e-Navigation issues. The discussion did not expand on the initial concept of 

S-mode, but listed potential benefits of implementing S-mode, thus expressing favour 

for S-mode to be a part of e-Navigation. The main argument supporting S-mode was 

that such a concept would improve the usability of navigation system, allow seafarers 

easy access to essential information needed for conducting different navigation tasks 

(IMO, 2010b). 

Later in 2010, the e-Nav CG submitted a report of their work in NAV 56 to the STW 

and requested the Sub-committee to consider the potential impact of S-mode on 

seafarer competency (IMO, 2010c). In response, the STW, during their 42nd session 

in early 2011, commented with support of the development of S-mode. It was the 

STW’s view that S-mode would support the familiarisation process and enhance safety 

of navigation. Italy suggested focusing S-mode on Integrated Bridge Systems (IBS), 

conducting usability tests on prototypes and taking into account the transfer of data 

between navigation and engine automation (IMO, 2011).  

All the aforementioned results were considered when the e-Nav CG conducted the gap 

analysis to develop the e-Nav SIP. The intention of this analysis was to identify the 

gap between current technology and the identified user needs and, subsequently, 

what should be included in e-Navigation to address such gaps. Results of this analysis 

pointed toward a need for the application of good ergonomic principles in well-

structured human machine interfaces as a part of e-Navigation (IMO, 2012a). Based 

on these results, the e-Nav CG suggested incorporating S-mode into the agenda of e-

Navigation, under the sub-solution number S1.4 (IMO, 2012b).  
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A critical moment in the development of S-mode took place in NCSR 1 in 2014 when 

the e-Nav SIP was expected to be finalised. The CIRM submitted a proposal to remove 

S-mode from the e-Nav SIP, pointing out several issues with the concept (IMO, 

2014b). Firstly, the implementation of S-mode, as the concept was currently 

described, would remove the incentive for manufacturers to produce their own 

interfaces as there would be no need for type-specific training and seafarers would 

have little interest in using manufacturer-customised interfaces instead of S-mode. 

Secondly, S-mode could make it difficult for manufacturers to update their systems to 

keep up with technological advancement or in case user requirements changed. 

Additionally, S-mode would make it difficult to cater to specific needs of different 

markets or maritime sectors. Finally, there had already been other initiatives that 

could also bring improved usability to navigation systems without the need for a fully 

standardised interface. Specifically, the introduction of standard default settings, the 

function to save/recall user settings, suggested logical grouping of contents, the use 

of standardised icons, standard terminologies and abbreviations. As a result, CIRM 

expressed concern that S-mode would overlap with existing initiatives, introduce new 

challenges, and delay the implementation of e-Navigation. 

CIRM’s proposal received support from many delegates, specifically: 

• International Maritime Pilots' Association [IMPA] – maritime pilots had given 

the topic of S-mode deep consideration based on experience of using different 

equipment and modes and supported CIRM’s proposal. The IMPA believed 

that alternative solutions such as the introduction of save/recall functionalities 

would be more pragmatic and bring real benefits 

• The US commented that they did not believe S-mode to be a suitable e-

Navigation solution but, at the same time, did not disregard S-mode 

completely 

• Sweden, Japan, the Netherland, and France also supported CIRM’s proposal 
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However, there were strong opinions for S-mode and against CIRM’s proposal, 

specifically: 

• Australia agreed with some of CIRM’s arguments but believed that there was 

insufficient evidence to evaluate how much alternative measures could address 

the issues with lack of equipment standardisation. Until it could be proven 

otherwise, Australia supported retaining S-mode in the e-Navigation SIP 

• Denmark supported the S-mode concept, believing that it would address user 

needs, and did not believe that S-mode would impact manufacturers’ ability to 

innovate. Denmark commented that the industry had reached a level of 

diversity where a solution like S-mode would be necessary 

• Norway supported Denmark’s comment and also voted to retain S-mode in the 

SIP. Norway further commented that S-mode received a lot of support from 

delegates during the 42nd session of IMO sub-committee on standards of 

training and watchkeeping [STW] and, therefore, believed that there was a 

need for a concept like S-mode 

• The International Association of Independent Tanker Owners 

[INTERTANKO] believed S-mode to be critical for safety and, therefore, did 

not support removing S-mode from the e-Navigation SIP 

• The NI argued that S-mode would address user needs as currently users had to 

adapt to various systems made by different manufacturers. The NI also stated 

that studies by IMO member states had found S-mode to be a suitable e-

Navigation solution and they did not consider alternative measures mentioned 

in CIRM’s proposal to be adequate for addressing the identified user needs 

• Singapore, the Bahamas, the Marshall Islands, Panama, Kiribati, the Republic 

of Korea, Nigeria, and Poland supported retaining S-mode in the e-Navigation 

agenda, citing the arguments of Norway, Denmark, NI and INTERTANKO 



 

  48 

 

Concluding NCSR 1, CIRM’s proposal was not approved, and S-mode remained a part 

of the e-Navigation SIP. The strong support from a large number of IMO member 

states assured S-mode a firm position as an e-Navigation solution. The status of S-

mode as an e-Navigation solution was officialised after the MSC approved the e-

Navigation SIP in November 2014 (IMO, 2014a). 

5.3. Defining a scope 
Following the adoption of S-mode as a part of e-Navigation in NCSR 1, the MSC set 

out a plan to develop S-mode with a goal to complete the work in 2019 (IMO, 2015a, 

2015b). Since the number of correspondence groups had reached the limit, an 

informal correspondence group on S-mode was formed under the coordination of 

Australia in 2015. The S-mode correspondence group, hereby abbreviated as “the S-

mode CG”, worked on two tasks simultaneously: organising workshops and 

discussions to agree on a scope of S-mode and conducting user studies to identify user 

needs regarding the standardisation of navigation equipment. This section discusses 

the work performed to reach agreement on a scope of S-mode while details of the user 

studies are provided in section 6.1. 

Starting from 2015, members of the informal S-mode correspondence group held 

several meetings and discussions to work out details of a S-mode concept that could 

be acceptable to all parties involved. An important workshop was held in South Korea 

in 2015, in which the International Electrotechnical Commission [IEC] and CIRM 

proposed that S-mode should not be a fully-standardised separate display mode but 

rather the standardisation of certain features of the interfaces such as indicators, 

presentation of essential information, and common terminologies (IMO, 2015e). This 

proposal was not adopted as the official S-mode agenda but involving parties agreed 

that a fully standardised interface would no longer be prioritised, should other 

solutions be able to bring similar usability benefits (IMO, 2016). This 2015 workshop 

also marked the time when the CIRM started participating more actively in the 

development of S-mode to ensure their inputs would be reflected in the final outcome 

as it would be the manufacturers who must subsequently implement S-mode. 
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Further discussions during 2015-2016 saw S-mode gradually depart from the initial 

concept of fully-standardised interface mode(s) for navigation systems. As of 2016, it 

was envisioned that S-mode would become a set of standard guidelines for designing 

navigation equipment, which would also standardise certain features of the interfaces 

(IMO, 2016). Still, the S-mode correspondence group could not agree on the exact 

scope of S-mode, including questions such as to which equipment S-mode would be 

applied, which features of the interfaces would be standardised, and how such 

standard features would be developed. Nevertheless, the groups agreed that the 

overall goal of S-mode would be to reduce the necessary training efforts and improve 

usability of navigation equipment. 

The CIRM had several concerns with S-mode at the stage of 2016. They felt that some 

members of the S-mode correspondence group were aiming for S-mode to be overly 

prescriptive standards. The CIRM reaffirmed their stand that they would not support 

a rigid and comprehensive standardisation and urged other members to aim for a 

“middle ground”. The CIRM also believed that S-mode, in the current form, was too 

abstract and could not be implemented. Another issue was that S-mode was intended 

to be an IMO guideline, which is the weakest IMO regulatory instrument and would 

not give manufacturers a regulatory incentive for implementation. Considering these 

factors, the CIRM formed their own S-mode Working Group to develop an alternative 

S-mode solution. It should be noted that this S-mode Working Group is an organ 

within the CIRM and, despite being called a Working Group, has nothing in common 

with Working Groups formed at each IMO session. They presented their results 

during the e-Navigation underway Asia-Pacific 2017 conference in South Korea. 

This alternative S-mode concept, as proposed by CIRM, would not standardise the 

whole graphical user interfaces of various navigation equipment but, instead, would 

standardise four features of the interfaces: 

• Icons and terminologies for key functions and concepts 

• The grouping of key functions and controls 

• Quickly accessible functions, which must be accessible by either single or 

simple operator actions 
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• Default system settings for Radar and ECDIS 

These four standard features could be applied to a wide range of bridge equipment. 

In their proposal, the CIRM introduced an initial version of the four standard features, 

developed by CIRM’s own S-mode Working Group. 

CIRM’s alternative S-mode quickly gained support from most members of the S-mode 

correspondence group as this was, by far, the only solution with sufficient clarity and 

a clear development pathway. The initial edition of the standard interface features, as 

proposed by the CIRM, gave a clear vision of what the final outcome of S-mode would 

be like, and the logical next step would be conducting usability tests to evaluate these 

initial designs and modify as necessary. Also, the goal of S-mode was never to 

introduce a fully standardised interface but rather to find a solution to improve the 

standardisation of bridge equipment, which this alternative S-mode concept did 

support. The specific opinions of each involving stakeholder, as recorded in email 

correspondences between members of the S-mode correspondence group, were as 

below: 

• Germany supported CIRM’s proposal but also commented that more work 

needed to finalise the standard interface features 

• Japan supported the CIRM’s proposal but also suggested additional functions 

of navigation system to be added to S-mode as well as changes to some of the 

proposed icons 

• NI supported the CIRM’s proposal, stating that, based on comments from 

seagoing members, this new S-mode concept has the possibility of meeting the 

original goals of the S-mode concept without requiring the introduction of a 

stand-alone standard interface mode. The NI suggested that the interface 

features, as proposed by the CIRM, should be tested with seafarers worldwide 

and agreed to work with like-minded members of the S-mode CG to develop S-

mode following this new approach 

• An observer from Dalian Maritime University supported NI’s suggestion for 

testing of the proposed interface features 
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• An observer from Lloyd’s Register supported CIRM’s proposal and suggested 

testing of the proposed interface features. The observer also suggested 

ensuring compliance with ergonomics standards and alignment with existing 

bridge equipment standards 

• American Pilots’ Association supported CIRM’s proposal 

• BIMCO supported CIRM’s proposal and suggested a few modifications to the 

proposed interface features 

With the support from the majority of members of the S-mode CG, CIRM’s proposal 

was included in  the group’s submission to NCSR 5 (IMO, 2017a) and was 

subsequently incorporated into to the official scope of S-mode, approved in NCSR 5 

(IMO, 2018a). 

The finalised scope of S-mode, as set out in document NCSR 5/7 (IMO, 2017a), 

contained a set of human factors guidelines applicable for the design navigation 

systems and four standard features of navigation displays as proposed by the CIRM. 

It was expected that S-mode would become official as an IMO circular. The NCSR also 

officialised the informal S-mode CG as an official correspondence group, still under 

the coordination of Australia, and instructed the S-mode CG to complete the 

development of S-mode. Since the scope of S-mode had been determined, the main 

work of the S-mode correspondence group during 2018-2019 was to develop and 

finalise contents of the S-mode guidelines, focusing on the standard features. Chapter 

6 provides details of the work performed to evaluate and finalise the contents of the 

S-mode guidelines. 
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6. Developing contents for the S-mode guidelines 
Following the adoption of S-mode as a part of e-Navigation in NCSR 1, the MSC set 

out a plan to develop S-mode with the expected completion year of 2019 (IMO, 2015a, 

2015b). 

The development of contents for the S-mode guidelines could be categorised into two 

periods, before and after the finalisation of the scope of S-mode in NCSR 5. Before 

NCSR 5, most of the development work focused on studying user needs for S-mode, 

the purpose of which was to provide inputs to make decisions regarding the scope of 

S-mode. The work after NCSR 5 focused on evaluating and modifying the standard 

design features as proposed by CIRM in NCSR 5. 

The four features of the interfaces for navigation systems to be standardised by S-

mode were developed following a user-centred approach, the purpose of which is to 

ensure these features would result in interfaces with high usability to aid seafarers in 

their navigation tasks. The development process included activities of a UCD process 

as prescribed in standard ISO 9241:2010 (ISO, 2010). In specific, the development of 

S-mode involved studying the context in which navigation tasks are conducted 

onboard ships, identifying what seafarers required from bridge equipment to perform 

such navigation tasks, and develop standard designs for equipment interfaces to 

accommodate users’ requirements. Details of these activities are discussed in the 

following sections. 

6.1. Understanding the context of use and user requirements 
Before the finalisation of the scope of S-mode in NCSR 5, it was not possible to 

determine what the content of S-mode would be. As a result, the development work 

during that time focused mainly on understanding the context in which seafarers 

operate navigation equipment and identify what seafarers require from navigation 

equipment to do their jobs. Before the formation of an informal S-mode CG in 2015, 

as discussed in section 5.3, the development of S-mode was uncoordinated and 

undertaken voluntarily by parties interested in S-mode, including both organisations 

and independent researchers. 
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The earliest published study on S-mode was done by Jacobson and Lutzhoft (2008)  

from Chalmers University of Technology with the participation of 54 seafarers of the 

Swedish naval and merchant fleets, aiming to identify user-preferred default 

presentation settings for Radar equipment. Another study with a similar goal of 

identifying user preferred settings and interface layouts focusing on ECDIS Route 

Monitoring displays was conducted by Lutzhoft et al. (2016) with data collected from 

50 maritime professionals. 

The aforementioned studies were considered when developing S-mode. However, the 

main data on context of use and use requirements for developing S-mode were results 

of the research conducted by two members of the S-mode CG: the NI and ROK. The 

author of this thesis was responsible for conducting usability studies on behalf of the 

NI, while the Korea Research Institute of Ship & Ocean Engineering [KRISO] and 

Korea Maritime & Ocean University [KMOU] conducted studies on behalf of the ROK 

(IMO, 2017b). These studies are discussed in the following sections 6.1.1 and 6.1.2. 

6.1.1. Studies conducted by the NI  
On behalf of the NI, the author of this thesis conducted three studies to establish an 

overview of the way seafarers operate navigation equipment under various scenarios. 

The methods of these studies were discussed in section 4.1. The following paragraphs 

only provide a summary of these studies.  

The first study was a review of cognitive analyses of marine navigation tasks. The aim 

of this study was to identify which tasks a mariner perform when engaging in 

navigation duties, and which functions of bridge equipment are required to support 

each task. In this study, the author did not conduct a new analysis of marine 

navigation tasks but reviewed existing analyses, identified the merits and weaknesses 

of each analysis, and combined them into a single analysis. The selected analyses were 

done by Sanquist et al. (1994), Røed (2007), Procee et al. (2017), Van Westrenen 

(1999), and Koester et al. (2007). Results of this study took the form of a technical 

report distributed to members of the S-mode CG and was not published as an 

independent academic publication. A copy of said report is attached to Annex 5 of this 

thesis.  



 

  54 

 

The second study involved reviewing performance standards for marine navigation 

systems to identify mandatory functions. Performance standards for Radar (IMO, 

2004), ECDIS (IMO, 2006b), and INS (IMO, 2007b) were considered. This approach 

was chosen to account for the variety in design and functionality of systems between 

different manufacturers. Results of this study also took the form of a technical report 

distributed to members of the S-mode CG and was not published as an independent 

academic publication. These results are also attached to Annex 6 of the thesis. 

The third activity involved a survey on the frequency of which seafarers use each 

function of a standard INS when performing navigation duties. The survey also 

collected data on the purpose of each function and scenarios in which the functions 

are utilised, with results collected from 601 seafarers worldwide. Details of the survey 

and the results are published in Paper I (Vu et al., 2019), attached to Annex 1 of this 

thesis. 

6.1.2. Studies performed by the ROK 
Starting in 2017, the ROK developed an online platform to collect input from 

seafarers. It was the ROK’s view that standardising the vast array of functions and 

contents on navigation displays would be ill-advised as it would be difficult to get user 

input, and such a wide level of standardisation would impede innovation from 

manufacturers. Instead, the ROK envisioned that S-mode would focused on a 

standard ECDIS screen with standardised top-level menu items. From October to 

November 2017, the ROK launched their online data collection platform. Participants 

(n = 333), who were maritime professionals, provided inputs on user-selected 

contents of ECDIS main displays and head menus as well as the arrangement of 

contents on the main display and menus. Results of this work was submitted as an 

information paper to NCSR 5 (IMO, 2017b). 

In 2018, the ROK conducted two studies to collect additional data on the way seafarers 

operate navigation equipment. The researchers first reviewed international standards 

and guidelines for watch-keeping including STCW, the Bridge Procedure Guide from 

the International Chamber of Shipping [ICS], and the NI familiarisation checklist for 

ECDIS to identify 22 tasks essential for safe navigation. These 22 tasks are performed 

on both Radar and ECDIS and their equivalent modules on an INS and serve three 
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purposes: voyage planning, route monitoring, and avoiding collision. These tasks are 

listed in Annex 1 of document NCSR 6/INF.13 (IMO, 2018c).  The second study 

involves using eye-tracking devices to identify information on ECDIS and Radar that 

is of interest to seafarers when engaging in watch-keeping duties. Three navigators 

wore eye-tracking devices when conducting the navigation of a Ro-Ro vessel between 

Busan and Osaka. A similar experiment was recreated in a bridge simulator with the 

participant of two other navigators. Data from both experiments were analysed and 

helped identify information on Radar and ECDIS displays that is essential for safe 

navigation Results of this study are reported in Annex 3 of document NCSR 6/INF.13 

(IMO, 2018c). 

In combination, the two studies conducted by the NI and the ROK formed the basis 

of understanding on the way seafarers operate navigation equipment when engaging 

in navigation duties. From there, the results confirmed that the interface features to 

be standardised by S-mode, as detailed in document NCSR 5/7 (IMO, 2017a), had 

covered most functions of navigation equipment that were essential to support safe 

navigation. An exception was the function to change between true and relative vector 

mode, which would subsequently be added to the S-mode guidelines. 

The following sections describe the usability studies conducted in 2018 and 2019 and 

the considerations taken to evaluate, modify, and finalise the four standard interface 

features forming the core of the S-mode guidelines. 

6.2. Initial design solutions 
The first edition of the four features on the interfaces of navigation systems forming 

the core content of the S-mode guidelines was developed by the CIRM’s S-mode 

Working Group and first introduced to the S-mode CG following the e-Navigation 

underway Asia-Pacific 2017 conference. These first edition standard features are 

detailed in Appendixes 2, 3, 4, and 5 of document NCSR 5/7 (IMO, 2017a). 

At this point, all four features, including the icons and terminologies, the grouping of 

key controls, the list of quickly accessible functions, and the sets of default system 

configurations for Radar and ECDIS, were only preliminary. Parts of these standard 

features were directly derived from existing performance standards while other parts 
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introduced new requirements. The CIRM developed these new requirements based 

on their experience, which drawn from varied backgrounds including equipment 

manufacturers, service organisations, training organisations, and seafarers as end-

users of navigation equipment. 

It should be noted that the CIRM finished developing this first edition of the standard 

features while researchers from the NI and ROK were still conducting studies on 

context of use and user requirements as described in section 6.1.1 and 6.1.2. In a 

typical user-centred design process, the step of developing design solutions is often 

carried out after the context of use and user requirements has been studied 

thoroughly. In the case of S-mode, the work was undertaken by various organisations 

independent of each other and the coordination between such organisations was, as a 

result, not as cohesive as in the case of a work undertaken by a single organisation. 

Nevertheless, results from the studies described in sections 6.1.1 and 6.1.2 were 

considered when evaluating this first edition of the standard features. 

The following step in the development of S-mode was to evaluate the four standard 

features to see if they satisfy the requirements of seafarers and carry out modifications 

if necessary. The S-mode CG agreed that this step would involve conducting usability 

tests with the participant of seafarers. Besides the goal of usability, the group also 

aimed to maintain alignment with existing ergonomics standards and performance 

standards for bridge equipment. Chapter 6.3 provides details of the work taken to 

evaluate and finalise the four standard interface features, which form the core of the 

S-mode guidelines. 

6.3. Standard features on the interface of navigation systems 
As discussed in section 5.3, the finalised scope of S-mode was accepted in NCSR 5 and 

contained general design guidelines together with four standard features of the 

interfaces of navigation systems. These four features are: icons and terminologies, the 

grouping of essential controls, the list of functions that must be accessible by single 

or simple operator actions, and default system settings for ECDIS and Radar. The first 

edition of these four standard features were developed by CIRM and incorporated into 

document NCSR5/7 (IMO, 2017a). Following NCSR 5, the task of the S-mode CG was 

to conduct usability tests to evaluate the four standard features and carried out 
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necessary modifications. The following sections provide details of these usability 

tests. 

6.3.1. Standard icons and terminologies 
The first edition of the standard navigation-related terminologies and standard icons 

to be used on navigation systems was developed by CIRM and listed in Appendix 1 of 

document NCSR 5/7. The majority of the icons and terminologies introduced in this 

edition strictly followed existing standards, particularly performance standards for 

shipborne radar (IEC, 2007) and performance standards for the presentation of 

navigation-related information on shipborne navigational displays (IEC, 2014; IMO, 

2014c), although the CIRM did introduce new icons and terminologies for nautical 

concepts not already covered in existing standards. In total, 59 icons and their 

associated labels/terminologies were included in document NCSR 5/7 

Members of the S-mode CG conducted usability tests on these icons and 

terminologies. Results of the tests together with recommendations were subsequently 

submitted to the S-mode CG for consideration. The S-mode CG discussed the results 

and collectively made decisions on follow-up actions. The author of this thesis 

designed and conducted two usability studies to evaluate these first-edition standard 

icons and terminologies.  

The first study involved face-to-face interviews with master mariners (n = 5), three of 

whom were from India and two from Denmark. The interviews were conducted on 

January 23, 2018, at the headquarter of the Baltic and International Maritime Council 

[BIMCO] in Copenhagen. In the interviews, the 59 icons were shown to each 

participant one by one, the first time without the associated labels and the second 

time with the labels. For each icon, the participant was provided basic context such as 

the equipment or the type of functionality and asked to interpret its meaning. The 

interviewer asked follow- up questions to explore the reasoning behind the 

interpretation. The participants were encouraged to provide additional comments 

regarding the design of the icons in question and to suggest alternative icon designs 

if desired. 
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The second study involved an online survey which followed a reverse approach to the 

interviews in the first study. Instead of showing an icon, each survey question would 

show participants a function of bridge equipment and ask them to select, among three 

available options, the one most suitable for conveying the intended message. 

Regardless of the answer, the survey would then reveal the meanings of all three icons, 

and participants could provide additional comments. The survey was performed 

online from February to April 2018 and contained 59 questions, each addressing one 

of the 59 icons. The number of respondents differed between questions, ranging from 

27 to 45. 

Results of these two studies were combined to provide a more comprehensive 

evaluation of the usability of the 59 icons and their associated labels. The findings 

suggested some of the icons were difficult for seafarers to comprehend and should be 

modified. Interestingly, some of the standard icons already prescribed in existing 

performance standards were found among the poorly comprehensible icons. These 

icons are discussed in an article by Vu and Lutzhoft (2019). Annex 7 of this thesis 

contains the full results of these usability studies. 

As discussed in section 6.1, researchers from ROK conducted studies to identify which 

functions from bride equipment are essential for safe navigation and most of these 

functions were covered in the first edition of the S-mode guidelines, as detailed in 

document NCSR 5/7 (IMO, 2017a). An exception was the lack of an icon for the 

function to select true and relative vector mode. As a result, the ROK suggested adding 

an icon for the function to select vector mode, which was incorporated to Annex 3 of 

document NCSR 6/7. They also suggested changes to icons for functions to increase 

and decrease display range scale (IMO, 2018b). 

Results of the aforementioned studies were submitted to the S-mode CG for 

consideration. During the period from May to October 2018, members of the S-mode 

CG discussed potential changes to some of the icons. Main contributors for the work 

during this time were Australia, Japan, the ROK, Poland, Germany, Norway, the NI, 

CIRM, and the IEC. Besides the studies mentioned above, no other formal usability 

test was conducted and there was no other large-scale involvement of seafarers. All 

considerations and decisions were made by members of the S-mode CG, who 
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represented a large variety of stakeholders including equipment manufacturers, 

human factors specialists, and master mariners. Members of the S-mode CG 

communicated via emails and comments/discussions were made in five rounds. As 

the coordinator, Australia collected and compiled inputs from members the group 

after each round. As a result, it took time for the members to reach an agreement.  

Given the deadline of October 2018 to submit a report to NCSR 6, the S-mode CG had 

to adopt a pragmatic working principle. If a solution, such as a modification to an icon 

or a suggestion of a new label or term for a concept, immediately received mainstream 

support from the majority of members, it would be adopted. If a solution lacked 

immediate mainstream support and required a lot of discussion or additional 

development, the correspondence group would remove it from S-mode. While this 

practice ensured the delivery of S-mode by the deadline of October 2018, it also meant 

that results from usability studies were not fully incorporated into the final edition of 

S-mode. Specifically in the case of standard icons, all icons for Radar control functions 

were subsequently removed from S-mode. Also, it was not possible to find suitable 

pictographs to convey certain concepts and the group decided to use text labels 

instead of pictographs for such concepts. The finalised icons, listed in Appendix 2 of 

document NCSR 6/7, were submitted to NCSR 6 for consideration. Discussions in 

NCSR 6 did not lead to any change and the finalised icons were approved as official 

in Appendix 2 of the S-mode guidelines (IMO, 2019b). 

6.3.2. Logical grouping of essential information 
Similar to the standard icons discussed in 6.2.1, researchers from the CIRM who 

developed the first edition of the second standard feature - a pattern to organise 

essential information on navigational displays into groups. This pattern followed 

existing standards including IEC 62288:2014 and MSC.191(79). However, this first 

edition, as prescribed in Appendix 2 of document NCSR 5/7 (IMO, 2017a), was very 

limited in scope. 

To evaluate and expand the scope of this feature, the author of this thesis conducted 

a study to develop a pattern to group essential contents on the displays of Radar and 

ECDIS or the equivalent modules on an INS. Based on results of the studies on context 

of use and user requirements discussed in 6.1.1, the author identified functions of 
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Radar and ECDIS most essential for safe navigation and should be readily available 

on the displays. To develop a logical pattern to organise these essential functions into 

groups, the author used a method called “card sorting”. In specific, the study 

employed the following procedure: 

• From the identified essential Radar and ECDIS functions, 49 functions were 

selected to be included in this study. These 49 functions were selected after 

several pilot studies to achieve the most completeness of data while also 

preventing the research subjects from being fatigued 

• The author prepared a set of 49 cards, each with the name of one of the 49 

selected Radar and ECDIS functions 

• The author presented the cards to the research participants, who were also 

seafarers. Participants were asked to sort the cards into groups in any way that 

made sense to them 

Grouping patterns created by the research subjects (n = 63) were merged using a 

statistical classification technique called Advanced Merge Method (AMM), to create a 

single grouping pattern. Compared to the pattern proposed by the CIRM in document 

NCSR 5/7, there was no conflict and the two grouping patterns could be combined. 

Full details of this study are contained in a paper presented at Human Factors 2018 

Conference in London, United Kingdom (Vu & Lutzhoft, 2018).  

The grouping pattern resulted from this study was submitted to the S-mode CG for 

consideration. It should be noted that this grouping pattern could not be considered 

scientifically final due to several methodological weaknesses of the card sorting 

method that must be addressed. In particular: 

• In card-sorting experiments, participants put content into groups (classifying). 

In actual usage scenarios, people look for information. There are differences 

between classifying and finding content (Spencer, 2009) 

• Unless participants think out loud while sorting the cards, card-sorting cannot 

capture the rationale behind the grouping patterns (Maiden & Hare, 1998) 
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• Card-sorting does not produce concretely defined categories.  It is very unlikely 

that research participants agree on everything and there will be disagreement 

at different extends in many cases. As a result, there is certain degree of 

intuition involved in the data analysis process (Brucker, 2010) 

Considering these issues, the author recommended the S-mode CG to conduct 

another study to validate the submitted grouping pattern, hereby referred to as the 

“initial grouping pattern”. However, this validation study was not conducted in time 

to meet the deadline of October 2018. After several discussions, the S-mode CG 

decided to adopt minor changes to the original grouping pattern suggested by the 

CIRM and reported the new grouping pattern in Annex 3 of document NCSR 6/7 

(IMO, 2018b). This grouping pattern was subsequently approved in MSC 101 to be an 

official standard. Similar to the standard icons discussed in section 6.2.1, in the case 

of the grouping pattern, results of usability studies were not fully incorporated due to 

time constraints. 

Nevertheless, the author did conduct another study to validate the initial grouping 

pattern, although this study occurred after the approval of the S-mode guidelines in 

2019. This study involves testing the initial grouping pattern with seafarers of various 

ranks and nationalities (n = 35) to evaluate the degree to which the initial grouping 

pattern fits the perceptions of users. The results suggest that the initial grouping 

pattern, as well as the pattern incorporated in Appendix 3 of the S-mode guidelines 

(IMO, 2019b), matches the typical perception of seafarers. This finding gives 

confidence that organising information on navigational displays following the 

grouping pattern introduced in S-mode can lead to improved usability. Full details of 

the methods and results of this study are presented in Paper III, which has been 

accepted for publication at Journal of Navigation (Vu, Lützhöft, et al., 2022). The 

paper is attached to Annex 3 of this thesis. 

6.3.3. Functions that must be accessible by single or simple operator actions 
The third feature on the interfaces of navigation systems to be standardised by the S-

mode guidelines is the list of quickly accessible functions. All functions on this list 

must be accessible by either single or simple operator action. 
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Similar to the first two standard features discussed in 6.2.1 and 6.2.2, the original list 

of functions that must be accessible by single or simple operator actions were 

developed by the CIRM and included in Appendix 3 of document NCSR 5/7 (IMO, 

2017a). The terms “single operator action” and “simple operator action” were directly 

taken from performance standards for INS – resolution MSC.252(83) (IMO, 2007b). 

A single operator action means a procedure requiring only a single hard-key or soft-

key press while a simple operator action means a procedure requiring no more than 

two hard-key or soft-key actions, excluding any cursor movements or voice 

commands. 

The first edition of this list, as presented in NCSR 5/7, contains two parts. The first 

part includes functions already prescribed in existing standards, specifically IEC 

62388:2012, IEC 62288:2014, and IEC 61174:2015. This first part is required to 

ensure alignment with existing bridge equipment standards. The second part of the 

list contains functions not prescribed in any standard at the time. 

The NI hosted a survey to collect inputs from seafarers regarding functions that must 

be quickly accessible. A survey was distributed online from February to April 2018 to 

collect data from seafarers (n = 107). The survey listed all functions included in 

Appendix 3 of document NSCR 5/7. With each function, survey respondents were 

asked to rate whether they believe the function should be accessible by single operator 

action, simple operator action, either single or simple operator action, or quick access 

not required at all. Results of this survey were submitted to the S-mode CG for 

consideration. 

The S-mode CG also considered results from the survey on frequency of use for each 

function of an INS (Vu et al., 2019) and the eye-tracking study conducted by ROK 

(IMO, 2018c) that helped identify information on the displays of navigation 

equipment that is of interest to safe navigation. 

Based on these results, minor changes were made to the initial list of quickly 

accessible functions. The revised list was presented in Appendix 4 of document NCSR 

6/7 and subsequently approved as Appendix 4 of the S-mode guidelines (IMO, 

2019b).  
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6.3.4. Default system settings for ECDIS and Radar 
The fourth feature of the interfaces of navigation systems to be standardised by the S-

mode guidelines is a set of default settings for ECDIS and Radar. These default 

settings are intended to provide a basic and minimal mode of operation, and users 

can quickly reset a system back to these default settings. 

The first edition of this feature is included in Appendix 4 of document NCSR 5/7 

(IMO, 2017a). the majority of the settings presented on this list were directly derived 

from existing performance standards, specifically: MSC.252(83) performance 

standards for INS (IMO, 2007b), IHO S-52 Presentation Library (IHO, 2010). 

The S-mode CG did not conduct any usability study to evaluate whether these default 

settings would create a basic and highly usable mode of operation for Radar and 

ECDIS as intended. The group decided which setting would be suitable through 

internal discussions between members. Results from previous studies on user-

preferred settings for Radar (Jacobson & Lutzhoft, 2008) and ECDIS (Lutzhoft et al., 

2016) as discussed in section 6.1 were also taken into consideration. The groups also 

based their decisions on the goal of maintaining alignment between the S-mode 

guidelines and existing bridge equipment standards from IMO and IEC. Furthermore, 

given the time constraints, the same strategy used when making decision regarding 

the standard icons and terminology as discussed in section 6.2.1 was followed for the 

default system settings. If a setting did not immediately receive support from the 

majority of members and required further discussions/testing to reach agreements, 

such a setting would be removed from the S-mode guidelines. As a result, the final 

edition of this feature, included in Appendix 5 of the S-mode guidelines (IMO, 2019b), 

did not include as many settings as in the first edition. 

To summarise, in the finalised S-mode guidelines, all settings that had already 

prescribed in previous standards were kept unchanged to maintain alignment with 

existing standards. For new settings not already prescribed in existing standards, the 

S-mode CG discussed and considered results of relevant published studies to make 

decisions on the most suitable setting. 
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This chapter has provided an overview of the work done to develop core contents of 

the S-mode guidelines – the four standard features to be applied for the interfaces of 

navigation systems. As with any IMO initiatives, the development of S-mode was a 

jointed effort of multiple stakeholders, each with own agenda and interests. As a 

result, there were non-technical factors that played a role in shaping the technical 

contents of the S-mode guidelines. The following chapter will discuss contextual 

factors that affected the development of S-mode. 
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7. Analysis and Discussion 
Chapters 5 and 6 have summarised key events occurred during the development of 

the S-mode guidelines. Considering from the framework of joint activity, it is possible 

to group these key events into three phases, corresponding with the formation and 

execution of a joint activity. The three phases are as follow: 

• Phase 1 – the main development of this phase was S-mode got accepted as an 

official part of e-Navigation, but there was no common goal among the 

involving parties. This phase started from the emergence of the S-mode 

concept and lasted until the adoption of the e-Navigation SIP in MSC 94, which 

gave S-mode an official place among e-Navigation solutions (IMO, 2014a). The 

participants involved during this period and their actions are discussed in 

sections 5.1 and 5.2. 

• Phase 2 – the main objective of this phase was to determine a scope for S-mode. 

This phase began after the approval of S-mode as an e-Navigation solution in 

2014 to the point when the scope of S-mode was finalised in NCSR 5 in 2017 

(IMO, 2017a). Events happened during this phase and the involving actors are 

discussed in section 5.3. 

• Phase 3 – the main objective of this phase was to finalise the contents of the S-

mode guidelines. This phase began after NCSR 5 and ended when the S-mode 

guidelines were adopted in MSC 101(IMO, 2019a). The work done by the S-

mode CG during this period is discussed in chapter 6. 

This chapter discusses contextual factors affecting the development of the S-mode 

guidelines, considering perspectives of major stakeholders. These factors are 

presented following the chronological order of the three phases in the development of 

S-mode.  The content of this chapter is a summary of the main points of Paper IV, 

currently under review at WMU Journal of Maritime Affairs (Vu, Lutzhoft, et al., 

2022a). 

For the convenience of readers, this chapter is structured to follow the chronological 

order of three phases in the development of S-mode. 
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7.1. The seeds of joint activity 
As discussed in section 2.3, decisions made at the IMO are often influenced by politics 

and IMO negotiations could be interpreted as political contests between member 

states. Countries would enter a negotiation if a matter in question concerns their 

national interests and would use their influence at the Organisation to push for 

decisions aligning with their national agendas (Tan, 2005). A similar characteristic 

was observed in the development of S-mode, particularly in the negotiations taken to 

get S-mode adopted as an e-Navigation solution in 2014 (IMO, 2014a). 

Since the first introduction of the S-mode concept to NAV 53 in 2007, the NI and 

IFSMA had aimed to get S-mode accepted as a part of the e-Navigation initiative. This 

motion was supported after studies by Germany, Canada, and the Republic of Korea 

indicating potential benefits of S-mode for mariners, particularly in facilitating 

training and familiarisation and improving equipment usability (IMO, 2009c, 2010a, 

2010b). It was this support from IMO member states that helped S-mode enter the 

agenda of e-Navigation. On the other hand, manufacturers of navigation equipment, 

represented by the CIRM, had expressed disapproval toward S-mode since it was first 

introduced. 

From the perspective of joint activity, it can be argued that a joint activity did not exist 

between the involved stakeholders during this first development phase of S-mode. 

There was no common goal shared among the stakeholders. The CIRM had no 

intention to develop S-mode and were working on other initiatives. The IMO 

members supporting S-mode mentioned in the previous paragraph were not 

specifically attempting to develop S-mode. Rather, they were working to develop e-

Navigation and S-mode just happened to match some of the e-Navigation agenda 

items. Only the NI and IFSMA were interested in developing the S-mode concept. 

These three groups of stakeholders each pursued their goals independently and their 

actions were not interdependent. Considering the lack of both a common goal and a 

level of interdependence between the involved stakeholders, a joint activity did not 

exist during this time (Klein et al., 2005). 

The process of getting S-mode accepted as an official e-Navigation agenda item can 

be interpreted as a political struggle between two groups, one supporting and one 
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opposing S-mode. The turning point was NCSR 1 when both groups discussed and 

made the final decision whether to keep S-mode among e-Navigation solutions. The 

CIRM, IMPA, Japan, Netherland, and France did not support S-mode to be a part of 

e-Navigation while the NI, ICS, INTERTANKO, Denmark, Norway, Germany, ROK, 

Australia, Marshall Islands, Panama, Kiribati, Nigeria, Poland supported S-mode. 

Since the IMO works on a majority vote principle, the final decision was for S-mode 

to be a part of e-Navigation. 

It has not been possible to determine the exact motivation behind each stakeholder’s 

decision to support or disapprove S-mode. However, an interview with two major 

stakeholders suggests that S-mode received major support from two groups of 

organisations: those with strong crewing interest and developed coastal states. The 

former supported S-mode as improved equipment standardisation could make 

training of ship crews more efficient. This group included maritime nations with 

strong influence at the IMO. The latter group was interested in improving navigation 

safety in their waters and S-mode could serve that interest by improving the usability 

of navigation system and, thus, reducing the probability of erroneous actions made by 

ship crews. 

The original S-mode concept was opposed by IMO members and organisations with 

strong interests in producing navigation equipment, especially the CIRM. While many 

complex arguments were made against S-mode, one persistent motivation from the 

manufacturers was that they wanted the freedom in designing their products by using 

innovative features as selling points. Considering the large number of manufacturers 

(as of February 2022, there were 105 members of CIRM) in such a small market as 

marine electronics, innovation and unique selling points are important to secure 

market share. Additionally, a standard interface could potentially lock in users, 

making it difficult for any subsequent change/update. 

In summary, S-mode was supported by influential maritime nations and coastal 

states, and their support was instrumental in getting S-mode approved as an official 

IMO project. d 
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7.2. The start of joint activity 
Following the acceptance of S-mode as an e-Navigation solution in NCSR 1, the next 

step was to decide a scope for S-mode – what to standardise and how? Viewing from 

the framework of joint activity, it can be argued that a joint activity started to emerge 

during this phase as there was a common goal and a degree of collaboration between 

the involved stakeholders, who formed the S-mode CG. 

7.2.1. The formation of a common goal 
Considering the first prerequisite of a joint activity, the involved stakeholders did 

share a common goal of determining a scope for S-mode. The stakeholders that 

participated during this period demonstrated a strong willingness to align their 

individual interests to maintain the joint activity. This willingness was observed on 

both stakeholder groups who had opposed and supported the inclusion of S-mode 

into e-Navigation during the first development phase discussed in section 7.1. 

As the organisation representing manufacturers of navigation equipment, the CIRM 

acted to protect their members’ interests. While opposed to the idea of fully 

standardised interfaces proposed by the original S-mode concept, the CIRM accepted 

that S-mode would be developed and wanted to be involved in the development 

process. The individual goal was to have manufacturers’ inputs reflected in the 

outcome of S-mode since manufacturers would be the stakeholder obliged to 

implement S-mode in the end. 

On the other hand, the stakeholders who had supported S-mode during the first 

development phase did not do so because they specifically supported the original S-

mode concept. Interviews with representatives of two major stakeholders indicate 

that the goal of these stakeholders had always been to improve the standardisation of 

interfaces and level of usability for navigation equipment. They supported the original 

S-mode concept because, at the time, the concept was considered capable of bringing 

the desired level of standardisation and usability. However, these stakeholders 

acknowledged the importance of incorporating manufacturers’ input and were willing 

to work with the manufacturers to find a solution agreeable to both parties. 



 

  69 

 

It was this willingness to compromise from both groups of stakeholders that allowed 

a common goal to emerge. With the common goal of determining the scope of S-mode, 

the work was carried out in the form of workshops and negotiations as discussed in 

section 5.3. This form of collaboration meant the suggestions and arguments 

presented by each member of the S-mode CG were dependent on the suggestions and 

arguments made by others, thus creating a level of dependence between members. 

While a joint activity did exist during this period, the collaboration within the S-mode 

CG was not always optimal and there were moments when members had conflicting 

opinions, hindering the collaborative efforts. The f0llowing section will analyse such 

moments through the concept of common ground. 

7.2.2. Maintaining a strong common ground 
As discussed in chapter 3.2.2, an important basis for effective collaboration in a joint 

activity is having a strong base of mutual knowledge, beliefs, and assumptions (Clark 

& Brennan, 1991). 

At the beginning of the second development phase of S-mode, the common ground 

shared between members of the S-mode CG was limited to knowledge on IMO 

working procedures, the initial working plan for S-mode, descriptions of the original 

S-mode concept, and the objective of determining a scope for S-mode. 

A common ground does not stay static but varies throughout the course of a joint 

activity and degradation can occur at certain points, hindering the collaborative 

efforts. In the case of S-mode, the main discrepancy occurred as members of the S-

mode CG came from different backgrounds and had different perspectives on the 

scope of S-mode. Human factors specialists and maritime regulatory agencies 

envisioned S-mode as a set of human factors principles for designing interfaces of 

navigation systems. Manufacturers, represented by the CIRM, envisioned S-mode to 

be detailed specifications of certain features on the interfaces of navigation systems. 

Some members of the S-mode CG envisioned S-mode to take the form of a standard 

display for ECDIS with standard layout and menu structure. These differences in 

perspective explained why it took so long for the S-mode CG to decide on the scope of 

S-mode. 
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This degradation of the common ground occurred as most members of the S-mode 

CG, except for the CIRM, had limited knowledge of what manufacturers require from 

an implementable technical regulatory document. The group focused dominantly on 

studying the requirements of seafarers who are the end-users of navigation 

equipment while less focus was given to the need of equipment manufacturers who 

would implement S-mode directly. 

Manufacturers, who dominantly come from engineering backgrounds, tend to 

approach knowledge in an empirical, pragmatic, and utilitarian manner (Koen, 

2003). In the case of S-mode, the main concern of manufacturers when implementing 

a regulatory document is whether they can conduct tests to certify their products as 

compliant. To this end, manufacturers require detailed technical specifications with 

testable criteria. To manufacturers, the human factors principles, which were 

developed by human factors specialists and form the first part of the S-mode 

guidelines, were too generic to be implemented in actual design practices. In other 

words, other stakeholders had envisioned S-mode in a format incomprehensible or 

practically unusable for equipment manufacturers. This issue can be interpreted as a 

communication gap between manufacturers and other members of the S-mode CG. 

This communication gap is not restricted to the case of S-mode but exists also in other 

IMO regulatory documents. An example is regulation V/15 of the International 

Convention for the Safety of Life at Sea [SOLAS], which regulates the design of the 

bridge, bridge equipment, and bridge procedures from an ergonomics viewpoint. The 

criteria set out in this regulation are sufficiently ambiguous that different 

classification societies have had different interpretations. Subsequently, the 

International Association of Classification Societies [IACS] has developed a unified 

interpretation of SOLAS V/15 (IACS, 2007). 

Similar to SOLAS V/15, the case of S-mode serves as another example to demonstrate 

the communication gap between the implementors of a regulatory instrument and 

other stakeholders involved in developing such regulations. Such communication 

gaps cause regulatory instruments to be not fully implemented, or at least not to the 

intended level. In section 7.4, the author will argue that the structure and working 

principles of the IMO itself play a role behind these shortcomings. 
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7.3. Internationally-collaborative user-centred design 
After the scope of S-mode was finalised in 2018, the S-mode CG started working to 

develop the contents of the S-mode guidelines. This work, as discussed in chapter 6, 

followed the principles of a user-centred design process. However, this development 

work was undertaken by an IMO correspondence group and followed the working 

arrangement of IMO correspondence groups. This chapter discusses aspects of such 

a working arrangement that shaped the conduct of user-centred design activities in 

the case of S-mode. It should be noted that the issues to be discussed can also occur 

in design projects in an industrial setting. The author of this thesis only emphasises 

factors in the working arrangement of an IMO correspondence group that caused the 

S-mode CG to make the decisions they made. 

The first factor to consider is the fact that the S-mode CG, while attempting to follow 

standard steps in a UCD process as recommended in ISO 9241:2010 (ISO, 2010), did 

so in a loosely structured manner. This practice directly resulted from the working 

principle of an IMO correspondence group. Members of the S-mode CG carried out 

work on their own and communicated via emails with Australia acting as the 

coordinator. 

In an industrial setting, for a user-centred design process to be successful, it is 

recommended that the application of user-centred design activities and methods be 

carefully planned and managed throughout the development process, and to maintain 

a good flow of information on users to the relevant parts of the development team  

(Maguire, 2001). Such recommended practices are not easily achievable within the 

working arrangement of an IMO correspondence group, specifically the S-mode CG 

in this case. Members of the S-mode CG did not have a detailed work plan which 

described the exact tasks to be carried out and methods to perform each task. The 

reason was that members joined the S-mode CG on a voluntary basis and each 

member was an organisation with its own resources and autonomy. Therefore, 

members of the S-mode CG, for the most part, decided on their own what they would 

do to contribute to S-mode. Although such decisions were communicated to other 

members and agreed upon, such practice resulted in a loose structure in the 

coordination within the S-mode CG. As a result, there was a lack of coherence in the 
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way that the S-mode CG performed different user-centred design activities to develop 

S-mode. For instance, the first edition of the four interface features to be standardised 

by S-mode was developed by CIRM while NI and the ROK were still conducting 

studies to understand how seafarers operate navigation equipment in practice. 

Another aspect of the working arrangement of an IMO correspondence group that 

influenced the development of S-mode was the methods of communication. Since 

members were physically located in different locations worldwide and 

communication was via emails, it took time to exchange ideas and reach agreements. 

With S-mode, a majority of the development work was undertaken by the NI, CIRM, 

Australia, and ROK. Their results were communicated to other members of the S-

mode CG for feedback and decisions were made collectively. The use of email 

correspondence meant there were, in many instances, delays in information exchange 

between members, which affected the decision-making process. Combining with the 

deadline of 2019 given by the IMO, the S-mode CG had to adopt a negotiation strategy 

of “immediate consensus or nothing” when making collective decisions regarding the 

contents of S-mode, following the efficiency-thoroughness trade-off (ETTO) 

principles (Hollnagel, 2009). In order to meet the assigned completion date, the 

group essentially had to sacrifice the level of thoroughness in which the standard 

interface features introduced in S-mode were developed with usability in mind. 

7.4. Maritime human factors and IMO regulatory regime 
The development of the S-mode guidelines provides further insights into the status of 

human factors application in the design of shipboard navigation system as well as the 

role of the IMO in facilitating such practice. 

7.4.1. Human factors consideration for shipboard navigation system 
As discussed in section 1.1, there are still cases of shipboard equipment with usability 

issues, occurred due to the lack of human factors consideration during the design 

process. The development of S-mode and, at a higher level, e-Navigation, provides 

some explanation as to why this is the case. 

One of the reasons could be that manufacturers are not able to effectively obtain user 

inputs to improve their products. In the first ten years following the emergence of e-
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Navigation (2006-2016), manufacturers actively consulted seafarers through 

organisations such as the NI to study what user needs from shipboard systems to do 

their jobs. However, manufacturers often asked questions which were difficult for 

seafarers to answer. Common questions could be “We have decided that we are going 

to give you a system that you want. What do you want? We will build it for you” and 

the common reply from seafarers would be “Just better stuff than we have”. Seafarers 

are not equipment designers and, therefore, cannot provide bridge system 

specifications that make sense to, and are immediately useful to, equipment 

manufacturers. Manufacturers had a vision for more sophisticated systems and were 

frustrated when seafarers could not explain what such systems would be like. This 

example demonstrates that manufacturers are not able to perform user-centred 

design effectively. It is possible that this situation can be connected to the absence of 

topics on human factors and user-centred design in curriculums for educating 

maritime system designers and naval architects (Abeysiriwardhane, 2017), and the 

difference in world views between human factors specialists and engineers (Petersen 

et al., 2011). This difference in perspectives between human factors specialists and 

engineers will be discussed in more details in section 7.4.2. 

Additionally, to address human factors properly in an industrial setting, resources are 

needed. In the case of S-mode, from 2008-2014, the NI was constantly seeking 

resources from all potential sources to develop S-mode based on the original concept. 

The plan was to develop prototype interfaces for a wide range of displays on the bridge 

and test them with seafarers to identify optimal features for standardised interfaces. 

The NI estimated that 1 million pounds would be necessary for such a project and 

drafted a proposal to IMO member states. Some member states were interested, 

including Ireland, Singapore, Norway, and Canada. In the end, however, the budget 

plan did not get approved. The NI then changed the plan to develop web-based 

simulators, which would cost half the original budget to complete. This alternative 

proposal also did not receive funding. Ultimately, the whole research plan was 

abandoned due to a lack of resources and the NI could only perform a couple of online 

surveys to study user needs. 
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Another challenge with human factors engineering is the lack of a centralised 

approach for R&D in the maritime industry. Companies may have their own R&D 

department and flag states often invest through their national research institutions, 

but there is no industry-wide regime. In the case of S-mode, even as an international 

initiative, there was no central budget and stakeholders conducted much of the work 

independently using their own resources.  

Finally, there is a lack of an effective communication channel between seafarers at the 

“sharp end” and people at the “blunt end” such as the IMO. Seafarers are practitioners 

with first-hand knowledge of current issues in shipping, especially when it comes to 

usability of shipboard equipment. They are represented by organisations such as the 

NI and IFSMA, but these organisations are not well-resourced enough to shape an 

influence at the IMO. At the same time, IMO delegates are often civil servants and 

even those with a technical background may have left the “sharp end” many years 

before joining the IMO and their experience is no longer relevant to understanding 

contemporary issues, especially with the current rate of technological advancement. 

In summary, events during the development of the S-mode guidelines indicate that 

human factors is still an area requiring further development in the maritime industry, 

and regulatory instruments play an important role in facilitating such development. 

7.4.2. The need for applicable regulatory instruments 
Documents from regulatory agencies such as the IMO play a critical role in shaping 

directions in the maritime industry, maritime human factors included. There is little 

incentive for manufacturers to implement something without regulatory 

requirement. The fact that standard features introduced in the S-mode guidelines are 

mandatory significantly increases the impact of the guidelines. 

As discussed in section 7.2.2, there existed a communication gap between equipment 

manufacturers and other stakeholders involved in developing technical regulatory 

documents. In the case of S-mode, it was mainly the gap between human factors 

specialists and equipment manufacturers with dominant engineering backgrounds. 

To the author’s knowledge, there was no published study investigating this 

communication gap in the context of marine electronics manufacturing. However, 
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Bader and Nyce (1998) investigate a similar communication gap between social 

scientists and software developer. They observe that cultural and social knowledge, 

while provides useful insights on users, is not useful for software developers. The 

main reason is that social scientists and software developers perceive such knowledge 

differently, and the way researchers present their findings is not comprehensible for 

software developers. Petersen et al. (2011) use the term “two tribes problem” to refer 

to this problem. They explain that scientists and engineers belong to different groups 

(or tribes) of professionals, and reports of academic studies are drafted by people 

belonging to the scientist tribe following a format of scholarly writing which, while 

familiar to the scientists, does not make sense to people of the engineering tribe. A 

method to address this gap, as Petersen et al. (2011) suggest, is to initiative changes 

from the side of social scientists in the way studies are conducted and reported, 

aiming to generate knowledge comprehensible for the engineering community. To 

this end, it is suggested that researchers consider, in the conduct of studies on human 

factors-related subjects, both the end-users and the people who would implement the 

research findings. Transferring these findings from the context of software 

development to the context of marine electronics in the case of S-mode, it is important 

to consider both the end-users and equipment manufactures when developing 

relevant regulatory instruments. Specifically, for a regulatory instrument to be 

effectively implemented, it must be specific and contain testable criteria to evaluate 

compliancy. 

The IMO, however, is not the most capable organisation for making technical 

documents. Especially in the case of technical documents on the topic of interaction 

design, the IMO tend to develop high-level regulations with generic criteria (Mallam 

& Nordby, 2018). IMO delegates are often civil servants, and they may lack the 

necessary experience to understand technical issues. When a technical matter 

requires comments/decisions from IMO members, the matter is often discussed at 

the national level and each member state will then give their delegates a script 

describing their agenda to be published at the IMO. Such published agendas tend to 

be generic and not targeting specific technical questions. The discussions whether to 

include or excluded S-mode among e-Navigation solutions during NCSR 1 as 

summarised in section 5.2 is an example of this practice. 
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Another factor to consider is that IMO meetings are not held frequently. Most of the 

meetings are annual and a lot of time passes between meetings. Also, IMO processes 

are inflexible and tightly controlled, with specific administrative procedures to be 

followed. On the one hand, this practice ensures a certain stability for the industry to 

function. If changes are made frequently, it will be very costly for the stakeholders to 

keep up with all the changes. Some stability is important as it helps to achieve some 

standardisation and allows people time to learn and be familiar with the new situation 

each time a change is adopted. On the other hand, however, such multiple-step 

processes do not support innovation and it takes a long time for new issues to come 

through at the IMO. 

Furthermore, when considering unfamiliar topics, such as developing or 

implementing new technology, the IMO often begins with a low-level regulatory 

instrument like a guideline. If the industry progresses and perceives the guidelines as 

important, the IMO can raise the guidelines into a higher-level regulatory instrument 

such as a code or a resolution. For instance, human factors in digital interface design 

is an unfamiliar area for the IMO and, as a result, the IMO started with a guideline on 

human-centred design principles through document MSC.1/Circ.1512 (IMO, 2015d). 

The S-mode guidelines, with certain mandatory requirements, were a next-level step. 

In combination, these factors make it difficult for IMO regulatory documents to get 

into the level of details and contemporaneousness that can facilitate human factors 

application in the industry. 

On the contrary, technical organisations such as the International Association of 

Marine Aids to Navigation and Lighthouse Authorities [IALA] are formed mainly by 

people with technical backgrounds, have more frequent meeting sessions, and they 

work intersessionally. As a result, it would be best if the IMO focused on developing 

high-level performance standards, possibly goal-based, and technical organisations 

like the IEC or IALA developed detailed technical specifications. This approach is 

already in practice, but there are currently several technical organisations handling 

different topics – the IHO handles the ENC, the IALA deals with aids to navigation, 

and the marine department of the IEC deals with marine electronic systems. A more 

optimal structure for coordinating and regulating shipping at an international level 
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could be achieved by merging all relevant technical organisations or at least joining 

them with regards to policy, resulting in a structure as illustrated in figure 3. 

Figure 3. Suggested structure for organising stakeholders involved in developing 

and implementing human factors regulatory instruments in the maritime industry 

In summary, the application of human factors in the maritime field, particularly in 

the design of navigation systems, is still limited. This status can be changed if 

manufacturers are given regulatory incentive while still having leeway for innovation. 

However, the working model of the IMO does not facilitate the development of 

detailed technical documents that meet the requirements of manufacturers. A better 

working model is for the IMO to focus solely on high-level regulatory instruments and 

collaborate with other specialised technical organisations such as the IHO or IEC to 

develop detailed regulations for manufacturers to implement.  

Finally, changes happen slowly in the maritime regulatory field and any improvement 

needs to be implemented gradually, maritime human factors included. It is unrealistic 

to expect rapid or drastic changes. 
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8. Conclusions 
This is the final chapter of this thesis. It starts with a summary of the main findings, 

followed by recommendations for relevant stakeholders, and concludes with 

implications for future research. 

8.1. Summary of findings 
The main findings of this study can be organised into two parts, corresponding with 

the two research aims. The first part contains knowledge on the context of use for 

shipboard navigation equipment and recommendations for the presentation of 

navigation-related information on navigational displays. Such knowledge can be used 

to develop or evaluate navigation equipment with usability in mind. The second part 

identifies contextual factors that shaped the development of S-mode. These factors 

should be considered when developing similar regulatory instruments in the future. 

Information on the context of use for shipboard navigation equipment 

• A summary of tasks performed by seafarers when engaging in navigation 

duties, together with information/function from navigation systems required 

to support each task. This result is presented in Annex 5 of this thesis 

• Frequency of use for each mandatory function of a standard Integrated 

Navigation System, together with the purpose and scenario of use for each 

function. This result is presented in Paper 1, attached to Annex 1 of this thesis 

Recommendations for the presentation of navigation-related information on 

navigational displays 

• Some standard icons already prescribed in performance standards for 

navigation equipment are not easily comprehensible to seafarers, especially 

novice users. These icons are discussed in Annex 2 and Annex 7 of this thesis 

• Essential contents on the interfaces of navigation systems should be organised 

in a logical manner which allows operators to locate and access important 

information with ease. A pattern was developed to group 48 essential functions 

of navigation systems into thirteen (13) groups. This pattern can be applied for 

a wide range of bridge equipment including ECDIS, Radar, and their 
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equivalent modules of INS. This pattern is presented in Paper III, attached to 

Annex 3 of this thesis 

Factors affecting the development of the S-mode guidelines: 

• Political support from influential maritime nations and coastal states was 

essential in getting S-mode approved as an IMO project 

• While deciding the scope of S-mode, dominant focus was given to the end-

users of navigation equipment – the seafarers. Meanwhile, little attention was 

given to manufacturers, who would be the implementors of S-mode. This 

communication gap between manufacturers and other members of the S-mode 

correspondence group hindered the collaborative efforts 

• The working arrangement of an IMO correspondence group reduced the 

coherence and the effectiveness of communication between members of the S-

mode correspondence group. Consequently, the group had to sacrifice certain 

level of thoroughness in their work in order to meet the assigned deadline 

8.2. Recommendations for relevant stakeholders 
• Human factors is still an area requiring further development in the maritime 

industry, and regulatory instruments play an important role in facilitating such 

development 

• A successful regulatory instrument concerning human factors in designing 

maritime systems must consider the need of both the end-users and the 

implementors of said regulatory instrument 

• The IMO is not the most capable stakeholder for making detailed technical 

documents that meet the requirements of manufacturers.  The IMO should 

focus on generic high-level requirements and collaborate with specialised 

technical organisations to supplement such high-level requirements with 

detailed technical specifications 

• Politics plays a major role in the decision-making at the IMO, and it is the large 

maritime nations that have the most influence over IMO decisions. 

Considering what happened with S-mode, similar initiatives in the future 
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should aim to secure support from influential IMO members to increase the 

probability of being adopted/endorsed at the Organisation 

• The IMO follows a rigid and multi-step procedure for making decisions and 

changes happen slowly. Any improvement in the maritime industry needs to 

be implemented gradually, human factors included. It is unrealistic to expect 

or aim for rapid changes 

8.3. Future research 
This thesis contributes knowledge on context of use, which should be considered 

when developing or evaluating shipboard navigation equipment. At the same time, 

the thesis provides recommendations on the use of icons and the organisation of 

essential contents on navigational displays. However, these recommendations do not 

cover a whole range of functionalities available on navigation equipment but rather 

focuses on functions that support route monitoring and collision avoidance. 

Furthermore, while developing these design recommendations following a user-

centred approach, the author did not conduct formal summative tests. Therefore, 

future research should aim to expand and formally validate the usability of these 

design recommendations. By expanding, the author suggests future research should 

address functionalities not included in these design recommendations, such as 

functions used for voyage planning. To validate usability, a method is to conduct 

summative evaluation of the design recommendations using high-fidelity prototypes 

with a sufficient sample of users (Kirakowski, 2005). Ideally, such summative tests 

should compare user performance between different prototypes, using metrics such 

as time taken to perform certain tasks. 

The thesis also provides a detailed description of the development process for the S-

mode guidelines, identifying the involved stakeholders and contextual factors that 

affected the process. However, this thesis concludes at the adoption of the S-mode 

guidelines in 2019 and does not concern the implementation step. There is a challenge 

with the IMO model in which IMO regulations do not require retrofitting for existing 

equipment. Since S-mode will enter into force on January 1, 2014, new navigation 

equipment produced after that day will comply with S-mode. Equipment 

manufactured before that date can potentially be updated to comply with S-mode, but 
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this depends on the manufacturers. A more realistic vision, according to the CIRM, is 

that many ships will continue working with pre-S-mode equipment after 2024 and S-

mode will be fully implemented after existing systems are retired, a process which 

might take at least ten years. By that time, technological advancements may change 

the way navigation is conducted onboard and existing design standards will require 

updates to stay aligned with contemporary navigation practices. Once again, the cycle 

of developing and implementing regulations repeats. It is proposed that this doctoral 

study be continued where it ended to understand the implementation of S-mode and 

how such implementation affects the maritime industry. 
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Annex 7 – Full results of icon usability tests
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