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Abstract 
Maritime navigation involves the process of monitoring and controlling the movement 

of a ship from one position to another. When the ship is approaching or leaving a port, 

a local navigational expert, the pilot, is often provided for assisting the bridge team to 

safely and efficiently navigate the littoral waters. However, statistics concerning 

maritime accidents continues to associate human errors with accidents, which 

advocates a scrutiny of maritime education and training (MET) for pilotage operations. 

The pilotage operation is a unique phase of the voyage in which the bridge team has to 

rely on an external expert with whom they have no prior working experience with. Also, 

the pilot-bridge team often has to perform immediately, and the consequences of not 

performing can be calamitous. These aspects suggest a need for dedicated research on 

how to ensure that bridge teams have the necessary competencies for carrying out safe 

and efficient pilotage operations. Training and assessment are quintessential 

instruments for this mission. 

MET facilities increasingly rely on full-scale simulators for their benefits in training for 

complex operations. Meanwhile, the assessment of training performance is often based 

on subjective criteria, which has implications on the reliability and validity of the 

assessment. Consequently, lacking a reliable and valid assessment method could have 

repercussions on the educational quality, as well as subsequent developments to the 

MET facilities’ training and education programs. 

The aim of this research is to understand and to advance performance assessment 

related to the use of full-scale maritime simulators in MET, with a main objective to 

reduce the subjective impact that can be present in the performance assessment of 

pilotage operations. 

This thesis presents a computer-assisted assessment tool based on a structural 

probabilistic network, in which the assessment criteria are weighted by using an 

analytical hierarchical process. This tool is designed for flexibility, so it can easily be 
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employed across a multitude of pilotage scenarios, and to be less subjective so that it 

can present more reliable and valid performance information to its stakeholders.  

The results show that the presented assessment tool can be used for higher reliability 

in the assessment of technical performance, but that more research is required to assess 

teamwork performance reliably. The tool’s content validity is considered adequate, and 

that studies over time are required to assess its criterion validity effectively. Regardless, 

the tool is deemed opportune for generating precise and accurate assessment of 

training performance and could serve as a steppingstone to objective assessment. 

Accurate and precise assessment of training performance are imperative for 

stakeholders that make executive decisions concerning the development of training 

programs, competency mappings of the workforce, as well as for the trainee to know 

his or her strengths and weaknesses in the operation. Providing executive stakeholders 

with information for making decisions that are based on objective performance 

assessment data could serve as a piece of the puzzle in the mission to reduce human 

errors in maritime shipping. 

Keywords: Maritime; Performance Assessment; Training; Pilotage Operations; Human 

Factors; Full-scale Simulators; Maritime Education and Training 
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1 Introduction 
The thesis’ domain of interest, research aim and objectives, and research epistemology 

are presented in this chapter. 

1.1 Maritime shipping 

The maritime shipping domain is massive and increasingly complex: It is responsible for 

transporting ninety per cent of the global cargo, making it the most extensive means of 

transport. It has had this entitlement for the past 5000 years (Stopford, 2009) and has 

been ever-expanding since then. Maritime shipping in this context concerns the 

waterborne transport of passengers and cargo via navigable waterways. It has had 

profound implications on the world and society as we know it (Paine, 2014), and is 

contemporary one of the most global and economically important industries in the 

world (Progoulaki & Roe, 2011). 

The biggest boom in maritime shipping has been witnessed in the past 70 years in 

parallel with economic growth, industrialisation and containerisation. The world fleet 

has doubled in the past decade to roughly 1.7 billion dead-weight tonnage, 85,000 ships, 

and around 1.5 million seafarers (BIMCO, 2015; Lane, Obando-Rojas, & Wu, 2002). This 

fleet includes oil tankers, bulk carriers, general cargo ships, container ships, gas carriers, 

chemical tankers, offshore supply ships, ferries; but excluding fishing ships, barges, 

military ships, yachts, and offshore rigs- and platforms. This development has 

undoubtedly increased the complexities and competitiveness of the domain 

(Bhattacharya, 2015; UNCTAD, 2018). 

Furthermore, this development must be coupled with safety frameworks to ensure that 

the hazardous nature of shipping is not provoked, as discussed in Hetherington, Flin and 

Mearns (2006) and in Håvold (2005). Extensive research on the topic is continuously 

carried out, in which the safety and efficiency of maritime shipping are researched to 

identify, investigate, and innovate solutions to all the challenges that arise with its 

development. This perpetual evolution is critical for any competitive high-risk industries, 
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and continuous efforts are necessary to keep assuring that maritime shipping maintains 

a safe and environmentally friendly way for long-distance transportation of goods and 

passengers (Ashmawy, 2012). 

Nonetheless, accidents and incidents still occur, in which the human element issues 

related to the accidents have been assigned high priority by the International Maritime 

Organization (IMO) in the Standard of Training, Certification and Watchkeeping for 

Seafarers (STCW) Manila amendment (2010) and IMO Resolution A.947(23) (IMO, 2011). 

Originally, however, IMO’s vision to improve safety involved the technical aspects of 

shipping solely; the STCW was not introduced until the 1970s (Wilcox, 2000). One reason 

for the STCW’s introduction and development was that human errors was and is 

repeatedly found as the main contributors of maritime accidents (Hetherington et al., 

2006; Rumawas, 2016; Wilcox, 2000). Well-known examples are the SS Torrey Canyon 

oil spill in 1967 and the recent Helge Ingstad accident in 2018 (Accident Investigation 

Board, 2018; Liberia, 1967). These examples along global maritime accident statistics 

underpin the significance of understanding human performance and errors in the 

prevention and mitigation of such accidents. Moreover, contemporary studies that have 

examined antecedents and potential remedies related to the high number of these 

accidents found that, in addition to installing proper safety management systems, 

maritime education and training have also a tremendous impact on maritime safety 

(Ashmawy, 2009; Vederhus, Ødegård, Nistad, & Håvold, 2018). 

1.1.1 Using full-scale simulators in maritime education and training 

Contemporary full-scale simulator training is an important element in maritime 

education and training, in addition to other physical resources such as classrooms, audio 

and visual aids, libraries, but also swimming pools, lifeboats- and fire drill equipment 

(Sampson, 2004). Full-scale simulators, however, enable seafarers to learn and rehearse 

maritime operations and procedures in safe and (relatively) cheap environments 

compared to real operational training. The simulators are used across many industries 

and throughout the maritime industry – from navigational operations to anchor 

handling. At the same time, research that investigates how the simulators should be 
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used point repeatedly to a need for dedicated attention to assessment in order to 

ensure that simulator training complies with the STCW requirements for training and 

assessment (Kobayashi, 2005). 

Gekara, Bloor and Sampson (2011) emphasised that the lack of structure in simulator 

assessment can actually be detrimental to maritime safety. One issue was conveyed by 

Emad and Roth (2008) and Ramsden (1997) that the assessment framework itself 

impacts the perception and development of learning objectives for both the students 

and the course administrative. One consequence, they discussed, is that the perception 

of the training objective orients towards passing competency tests instead of truly 

learning the necessary skills and knowledge. Furthermore, Sellberg (2017) reported a 

systematic literature review on training and assessment in simulators for bridge 

operations. From the analysis of all the publications between the years 2000 and 2016, 

the research unveiled that more research on the use of maritime simulators is needed 

and that we have “more questions than answers”. Then, a subsequent literature review 

identified a need to pay attention to the development of assessment methods within 

the industry (Ernstsen & Nazir, 2018a). In light of this, a focus on the assessment 

methods for maritime bridge simulators is appropriate. Two considerations related to 

the quality of such methods are reliability and validity (Kimberlin & Winterstein, 2008). 

1.1.2 Reliability and validity in simulator performance assessment 

The trainees’ performance in simulators that assessors observe consists of partly true 

measurement and partly measurement error. Reliability is the measurement 

consistency of an individual’s performance on a test (Safrit & Wood, 1989). A measure 

will always consist of some measurement error in practice; thus, reliability can be 

considered as the amount of error that is deemed acceptable for an effective and 

practical use of the instrument (Atkinson & Nevill, 1998). Furthermore, many terms are 

interchangeably used to refer to reliability: e.g., repeatability, reproducibility, 

consistency, agreement, concordance and stability (or the antonym ‘variability’). 

Reliability is investigated from different perspectives, e.g., between items in a 

questionnaire (interitem reliability), between raters (agreement), and reliability of a 
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measurement tool (variability). A reliable measurement is important and a pre-

condition for validity (Kimberlin & Winterstein, 2008). 

Validity of a measurement is, in large part, about reducing the measurement error. It 

refers to a measurement tool’s ability to achieve its intended outcomes (Atkinson & 

Nevill, 1998). This is of paramount importance in terms of enabling the instrument’s 

stakeholders to trust its results (Cook & Hatala, 2016). There are many frameworks and 

taxonomies for validity; however, the three classic types of validity are content validity, 

construct validity and criterion validity (Messick, 1987). Content validity addresses how 

well the constructs are operationalised and must be subjectively determined by experts 

in the field. An important element to this, then, is being transparent on what constitutes 

the tool. Construct validity means to assess if the scores vary as expected and can 

explain variation in the construct that was operationalised. This type of validity is a 

judgement based on the accumulation of evidence from different studies, in which 

content- and criterion-related validity evidence also contributes. Lastly, criterion validity 

refers to the measurement’s correlation with other measures of the construct, i.e., 

whether the test results correlate with other established tests and ‘true’ measures.  

In summary, measurement tools that are valid and reliable is a crucial component of 

performance assessment in simulators as these tools provide feedback to the trainee 

and student, as well as to the instructor concerning the effectiveness of the training 

programme. 

1.2 The research aim and objective 

The aim of this research is to understand and advance performance assessment of 

navigation students and trainees in full-scale maritime simulators. This research focuses 

on studying navigation in pilotage operations with the purpose of developing an 

assessment tool that improves the reliability and validity of the performance assessment 

of these operations when carried out in full-scale simulators. 

The main objective of this research is to reduce the subjective impact in the performance 

assessment of pilotage operations, particularly in connection to training and education 
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in full-scale simulators, as well as reliability and validity considerations of such 

assessment. This objective is addressed by the following research questions: 

1. What is the consistency of how performance assessment methods are 

developed in the maritime domain? 

2. How can a performance assessment framework for navigational operations be 

conceptualised? 

3. What are the assessment requirements for the assessment tool? 

4. What is the reliability and validity of the assessment tool? 

1.3 What kind of knowledge does the methodology aim to 

produce? 

1.3.1 Epistemological considerations in scientific knowledge production 

There are several perspectives on what constitutes knowledge. The perspectives have 

been defined and placed on a continuum from radical relativist to naïve realist (Madill, 

Jordan, & Shirley, 2000). The perspectives have implications for the methodological 

design in the research. The relativist subscribes to a view on knowledge that there is no 

such thing as ‘pure experience’, whereas the realist entails the belief that the data ought 

to provide information about the world and how things really are. The relativist is 

interested to explore cultural and discursive resources in different contexts, and suitable 

methods enables the researcher to unpack such resources, where data collections 

techniques are sensitive to contradictions, variations and tensions among data sources. 

In contrast, the realist aims to collect unbiased data, where the data is conveyed free 

and open to provide and facilitate true and undistorted representations about the 

world.  

Ultimately, attaching labels, definitions and nomenclature is problematic; e.g., what 

does it mean for something to be real? Researchers should aim to not be too categorical, 

but rather clearly express the type of knowledge that is aimed to produce irrespective 

of the subscribed epistemological positions and labels (Willig, 2013). Johnson and 
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Onwuegbuzie (2004) advocates that research approaches should be combined in ways 

to best answer the research questions; which in essence rejects dogmatism by 

combining quantitative and qualitative research techniques, methods, approaches, 

concepts and language to best answer the research questions. However, Johnson and 

Onwuegbuzie (2004) acknowledges that the mixed-method approach to research can 

have the tendency to give more attention to, and perhaps be more appropriate for, 

applied research. 

1.3.2 Epistemological considerations in the current research 

The research that is reported in this thesis is applied, meaning that the purpose is to 

solve specific practical problems, in contrast to basic research that aims to expand the 

existing base of scientific knowledge. There are certain challenges with applied research 

that the doctoral research wants to address. Applied research, especially on highly 

specialised domains, often have predicaments with the population size and available 

sample. The basic researcher, simply speaking, has the luxury of designing and 

optimising experiments for answering the research question, whereas the applied 

research must also consider, balance and combine compatible methods in order to 

collect enough data to answer the research questions. One example is the use of 

purposive random sampling, as suggested in Singh and Masuku (2014), in the research 

reported in Article 4, in which random sampling is considered to provide better internal 

validity to the experiment design. 

The challenge with sample size is aggravated by the unit-of-analysis dilemma and 

consequently makes team research difficult (McIntyre & Salas, 1995). Team research are 

aggregations of individuals and therefore the unit-of-analysis is the team, not the 

individuals, which makes sampling more difficult concerning the need to satisfy the 

statistical procedures that are used to arrive at reasonable conclusions.  

The difficulties of specialised applied research and unit-of-analysis dilemma hold true 

for the current doctoral research. The limitations that are here addressed, thus, have 

implications for the methodological framework in the current thesis. Compromises and 
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pragmatic decisions were necessary to arrive at reasonable inferences and knowledge 

concerning the research question. For instance, the examination of construct validity 

would be better served by conducting a comprehensive factor analysis, but the amount 

of data required rendered this method unreasonable; thus, it was necessary to instead 

employ mixed methods for collecting data that were practically obtainable, as suggested 

in Johnson and Onwuegbuzie (2004). 

1.4 Thesis structure 

This doctoral thesis has seven chapters in addition to the four appended articles. 

Chapter 1 provides an introduction to the maritime domain in the context of maritime 

education and training, as well as the research scope and objective, philosophical 

clarifications, summary of publications and the structure of the thesis. Chapter 2 

introduces the reader to the background and context of the research, which consists of 

an introduction to maritime navigation and pilotage operations, but also a delimitation 

of the unit of assessment. Such as the specific details of the bridge team that is to be 

assessed in this current research. In chapter 3, the theoretical framework is presented. 

Research on training and assessment is presented, as well as the relevant theory on 

teamwork. Chapters 2 and 3 aim to give a foundation for the last part of the thesis that 

focuses on the specifics of the research reported in the four articles.  

Chapter 4 presents a methodological overview and framework of the doctoral thesis and 

the respective stages (section 4.1) and the methodological tools that are used across the 

research stages and in the respective articles (section 4.2 and 4.3). Chapter 5 presents 

the results from the four articles, which are further discussed in chapter 6. This sixth 

chapter also provides reflections on the limitations surrounding this doctoral work and 

ends with a discussion on future research and stakeholder recommendation. The 

research is concluded in chapter 7 by summarising and highlighting the main 

contributions of this research project. Finally, the full list of references for the 

dissertation is presented. The references that are used in each of the appended articles 

are provided at the end of each article. 
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2 Background and context 

2.1 Maritime navigation 

Maritime navigation involves the process of monitoring and controlling the movement 

of a watercraft from one place to another. The ship’s massive inertia prescribes that all 

navigational manoeuvres must be well-planned. Adding to this, the difficulties of 

inferring the intentions of surrounding ships, adjusting to unpredictable hydrodynamic 

patterns and time schedules contribute to making navigation a stressful and challenging 

task (Lee & Sanquist, 2000). Technological innovations in recent decades have 

eliminated some of the time-intensive, repetitive and error-prone tasks of navigation, 

but has also introduced a complex layer of mental scaling and transformation exercises 

that often manifest in stressful situations while navigating (Sharma, Nazir, & Ernstsen, 

2019; Woods, Johannesen, Cook, & Sarter, 1994). 

A multitude of different functions is necessary to safely and efficiently navigate a ship 

from port to port. They are ranging from logistics, ship construction, classification and 

quality inspections, training and assessment, to the front-end of engine - and bridge 

operations. The bridge of modern ships also serves as a common platform for alarming- 

and control station for the onboard machinery. The equipment and instruments 

onboard must be pre-approved and complying with various (IMO) standards before 

being installed on the bridge. An important consideration, as an example, is to ensure 

that electrical and electronic equipment do not interfere with electromagnetic 

navigation equipment during the voyage. 

A ship’s voyage can consist of different phases: open-ocean, coastal cruising (i.e., within 

50 nautical miles of the coast), inland waterways (e.g., narrow channels, canals, rivers 

and estuaries), harbour approach- and inner harbour sailing. Each of the phases has 

different demands and navigational resource requirements (see Table 1 for examples of 

different types of navigation). In open-ocean sailing; for instance, one mostly uses 

deduced (dead) reckoning, satellite navigation, and the radar primarily for collision 

avoidance. While closer to the coast, the navigators must optimise the use of all 



Ernstsen: Reducing the subjective impact in performance assessment 
 

  

___ 
9 

 

navigational tools at their disposal. Furthermore, during complex inland waterways and 

harbour navigation phases, an additional navigation resource is supplied for the bridge: 

the maritime pilot. 

Table 1: Types of navigation (Hareide & Ostnes, 2017). 

Navigation tool Explanation 

Deduced reckoning Deducing position by advancing a known position for course and distances. 

Satellite navigation Use radio signals from satellites to determine the position, known as the Global 
Navigation Satellite System (GNSS). 

Radar navigation Using electromagnetic waves to determine the distance from or bearing to an object 
(different than radar for collision avoidance). 

Radio navigation Determine position using radio waves. 

Piloting Using experienced seafarers with local expertise where there is a need for continuous 
determination of position. 

2.2 Maritime pilotage 

The use of a qualified local navigator for ships in- and outbound of ports has been widely 

used throughout the shipping history. The early “pilots” from the ancient Greek and 

Roman times were mostly local fishermen who were employed by incoming ships to aid 

navigation. Piloting was formalised by local governments already in 1850; however, it 

was formally recognised by IMO in 1968 in the “Assembly Resolution A.159 (ES.IV) 

Recommendation on Pilotage”. Today, pilotage can be defined as:  

“The navigation and steering of a ship in a sea area, in which task 

comprehensive knowledge and experience concerning the local 

conditions of the sea are necessary for safe, economic and 

environmentally acceptable sailing of a ship to the desired target.” 

 – Norros (2004, p. 184). 

Regardless and important to emphasise: the captain remains responsible and 

accountable for the safe navigation of the ship. This responsibility and accountability 

entail that the master of the ship can relieve the pilot of service and request for a 

different pilot if the first pilot jeopardises the ship’s safety. While pilots exist to increase 

the safety and efficiency of the operation, accidents with pilots onboard still occurs. The 

frequency of accidents is low; however, the consequences of such accidents can be 

devastating. 
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Accident reports show that more work is required to prevent and mitigate unfortunate 

accidents involving pilotage operations, such as the Godafoss, Federal Kivalina and Crete 

Cement accidents (Accident Investigation Board, 2010a, 2010b, 2012). The recent KNM 

Helge Ingstad accident also involved a pilot; however, mind that the current report is 

only preliminary and not conclusive (Accident Investigation Board, 2018). Accidents like 

these are costly and trigger attention and research to the matter of pilotage 

competencies.  

In fact, Chambers and Main (2015) found that maritime pilots experience various 

physical, behavioural, and cognitive fatigue symptoms during their shifts. These 

symptoms can often aggravate the complexity of pilotage operations and, coalesced 

with the recent accident reports, stresses the importance of developing measures for 

carrying out safe and efficient pilotage operations.  

Figure 1 below shows two pilotage signals for ships indicating the need for a pilot (left) 

and that a pilot is onboard (right). These signals exemplify a safety measure in pilotage 

operations. 

  

Figure 1: Signal flags in relation to pilotage operations. To the left, signal flag G indicating that a vessel requires 
pilot. To the right, signal flag H indicating that they have a pilot onboard. 

2.2.1 The pilot-bridge team 

A bridge team is typically composed of a helmsman, a navigation officer, and a captain. 

There can also be additional roles depending on the ship and situational requirements, 

e.g., a lookout and extra navigation officers. Also, if the ship is approaching a port that 

requires the use of pilot services; a pilot must be transported to the ship (either via 
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helicopter or via a more frequently used pilot boat). It is worth emphasising that this 

requires a functional knowledge integration of two high-ranking and experienced 

professionals with individual backgrounds. This interplay can confound the teamwork 

environment (Norros, 2004). 

Regardless of the team composition, however, effective teamwork must be exercised to 

ensure that the bridge team and the pilot safely and efficiently voyage the ship to and 

from the harbour. In fact, a 2010 STCW amendment was added to the list of minimum 

competency requirements for the captain detailed in Table A-III/II/I of the 2010 Manila 

amendments to the STCW Convention and Code (IMO, 2011). It accentuates and 

stresses the role of teamwork. The applied terminology for teamwork on the bridge is 

placed under the bridge resource management (BRM) umbrella, which was initially 

adopted from aviation (named crew resource management). However, “teamwork” is 

used throughout the doctoral research. 

Moreover, the ship bridge is often designed for dedicated maritime operations, e.g., 

dynamic positioning and seismic geolocating services. There are also environmental 

conditions that factor in when configuring the staffing of the ship’s bridge, which not all 

are relevant to the research presented in this dissertation. The description of the 

different roles on the bridge is therefore restrained to the pilot, captain, navigator, 

helmsman, and lookout. When the pilot is integrated with the bridge team, the team is 

in this dissertation then referred to as the “pilot-bridge team”. 

2.2.1.1 The pilot 

The maritime pilot is a local navigational expert transported onboard the ship to partake 

the bridge team’s port approach. Pilots are (generally) experienced seafarers and differ 

from the onboard bridge team members as he or she is solely a transient member. The 

pilot, when transported onboard the ship, is then integrated with the onboard bridge 

team to assist in the navigation and manoeuvring of the ship. The pilot knows the 

fairway, seabed, buoys, quays, currents, tide and planned work well. His or her training 

and competency requirements are formalised in the IMO Resolution A.960(23). Other 
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responsibilities for the pilot consist of having knowledge about safe standard routes, 

while being able to adapt the route according to specific ship and time constraints, 

hydro-meteorological conditions, and traffic. They also ensure that the ship’s transit 

respects and conserves local interests, such as minimal pollution and noise. The pilot 

also knows the local services that are available and can act as an intermediary to these 

services when needed. Due to being part of the local organisation and services, pilots 

tend to have a strong but informal working relationship with the vessel traffic services 

(VTS), facilitating the ship crew’s external communication and coordination when the 

ship is in- or outbound. Pilots, then, have a critical role in ensuring the safe navigation 

of ships in their care and is included as a transient member of the bridge team during 

pilotage operations. 

2.2.1.2 The captain 

The captain is also referred to as the skipper or master. The word “captain” is believed 

to derive from “caput”, the classic Latin word for head. It may have been combined with 

“katepano”, which was used as a title for a senior Byzantine military rank. Today, a 

maritime captain for the largest vessels is a high-grade licensed mariner: a master 

mariner. The minimum requirements for such a licence are regulated in the STCW Code 

Section A-II/1 – chapter 2 (IMO, 2011), stating that competencies in administrative and 

operational responsibilities must be demonstrated. 

Administrative responsibilities for the captain are ensuring compliance with all laws and 

regulations that apply to the ship at the national, local- and international level. He or 

she is also responsible for following the company’s procedures and policies. The list of 

administrative responsibilities is increasing, rendering their entitlement increasingly 

complex. For instance, the captain must now contend with new personnel, signing 

documents, unions’ work-hour rules, and to further the logging and recording 

documentation to name a few. Regardless, the captain must still strictly ensure the 

safety and efficiency of the ship’s operational position and has the ultimate 

accountability of the voyage.  
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The operational requirements for the captain include taking responsibility for safe 

navigation of the vessel. This responsibility cannot be superseded by onshore advice, 

the Coast Guard, or surveyor agents. In this requirement is ensuring clean and safe crew 

accommodation and public areas, cargo delivery, and the ship’s seaworthiness. 

However, recent and prospective technological developments may change the way 

captains must ensure safe navigation of the ship (Porathe, 2019). Some changes are 

already happening; many captains are already experiencing reduced crew onboard, 

increased automation and communication technology, and new requirements like 24-

hour communication accessibility of the vessel, which could further increase stress 

(Sellberg & Susi, 2014). Prospective changes like increased autonomy and technologies 

which enables remote operations and assistance may further complicate the captain’s 

quest for safe navigation. Regardless of the responsibilities, he or she is encouraged to 

closely collaborate and take benefit of the other highly trained members on the bridge.  

2.2.1.3 Other central roles on the bridge 

The helmsman (or helm) steers the ship. He or she receives orders from the captain or 

the officer of the watch in the absence of the captain. Typical commands for the helm 

are rudder commands (i.e., a single-event change of rudder angle) and heading 

commands (i.e., continuous actions required to maintain a specified heading). The 

helmsman is expected to close-loop orders from the captain to ensure a mutual 

understanding and that the message is correctly received and interpreted. Steering a 

large ship is complex as the helmsman must understand the ship-handling of the ship 

following hydrodynamic forces such as ship-passing, shallow-water effects, and ocean 

currents.  

The helm takes much help from the “lookout” who has the responsibility of observing 

the surrounding landscape for other ships or hazards. He or she timely provides this 

information to the rest of the bridge team. Depending on the crew size and the 

complexity of the operation, the responsibilities of the lookout could be re-assigned to 

other functions also. 
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2.2.2 Breaking down pilotage operations 

Norros (2004) did a comprehensive work of breaking down a generic pilotage exercise 

into navigation and steering tasks. The tasks are organised hierarchically and 

sequentially as seen in Figure 2 below. It positions the pilot’s expertise as an integral and 

necessary part of safe sailing. The organisation is generic and can be used as a 

framework in different types of pilotage, both when sailing close to port and when 

sailing through inland waterways. 

 

Figure 2: Hierarchical and sequential structure of the navigation and steering task in piloting situations (Norros, 
2004). 

 

Pilotage can be distinguished between piloting ships in the proximity of ports and by 

piloting ships through inland waterways and archipelagos (although there are regional 

differences). The same literature describes four methods for port pilotage and three 

methods for sea pilotage that are relevant to Finnish sail routes, which can also provide 

useful distinctions and nomenclature for pilotage operations in neighbouring countries. 
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However, this distinction is not absolute considering the difficulty of categorising 

piloting operations in general as they are all carried out in unique, open and dynamic 

environments. 

For port pilotage, the four methods use manual control of the ship (i.e., not sailing using 

the autopilot), but vary in the organisation of situational command and responsibility of 

manoeuvring, e.g., captain is berthing the ship. For sea pilotage, one method is where 

the pilot is in charge of the situation and navigates in assistance of the helmsman with 

the captain monitoring the operation. Another method is where the pilot is in charge, 

but steers using autopilot while the captain is monitoring. The last method is having the 

captain in charge and using autopilot, whereas the pilot is monitoring the operation 

(Norros, 2004). Please see Table 2 below for an overview of the described bridge control 

configurations. 

Table 2: Types of pilotage operations as described in Norros (2004). Port pilotage differs in situational command and 
is not specified further than the main distinctions and is therefore intentionally left blank. 

Types of pilotage operations Characteristics 

Port pilotage A Pilot in charge, helmsman aids in steering and berthing, captain is monitoring. 

Port pilotage B Pilot in charge, captain aids in steering and berthing. 

Port pilotage C Captain in charge, helmsman aids in steering and berthing, pilot is monitoring. 

Port pilotage D Captain in charge, pilot aids in steering and berthing. 

Sea pilotage A Pilot is in charge, helmsman aids the steering, and the captain is monitoring.  

Sea pilotage B Pilot is in charge, autopilot is used for steering, and the captain is monitoring. 

Sea pilotage C Captain is in charge, autopilot is used for steering, and the pilot is monitoring. 

  

There are advantages and disadvantages for each of the methods. For instance, pilots 

are generally well acquainted and accustomed with sailing various kinds of ships while 

having expert knowledge of the local fairway. However, the pilots will not have the same 

competency as the crew with regards to each ship’s hydrodynamic peculiarities 

(although exceptions apply). Ultimately, the technical tasks necessary for successful 

navigation in piloting operations are addressed extensively in various assessment 

standards at various navigational simulator training facilities following the IMO model 

courses (Ali, 2006). 

Furthermore, Norros (2004) found that the operations were mostly pilot-centred (for 

both port- and sea pilotage); that is, the pilot was in charge and steering the ship. 
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However, further studies, e.g., Lappalainen, Kunnaala, and Tapaninen (2014), as well as 

anecdotal experiences from both captains and pilots indicate and suggest domain- and 

culture dependent variations. For instance, specialised seismic vessels could be 

challenging for a pilot to berth, in which case the onboard crew would “take her in”. 

Cultural dependent variations encompass, for instance, that the captain may advocate 

that only the master of the ship should be the one who berths the ship (and not the 

pilot). Regardless of which approach is carried out, clear articulation of which approach, 

i.e., clarifying tasks and responsibilities, is an essential characteristic for successful 

piloting (Lappalainen et al., 2014); illustrating the paramount importance of effective 

teamwork in pilotage operations. 

2.2.3 Team and teamwork in pilotage operations 

A team is defined as “two or more individuals with specified roles interacting adaptively, 

interdependently, and dynamically towards a common and valued goal” (Dyer, 1984; 

Salas, 1992). There are different types of teams depending on their application. For the 

pilot-bridge team in pilotage operations, McIntyre and Salas’ (1995) definition of tactical 

decision-making teams can be considered appropriate: these are teams that may have 

to operate with taskwork under time-pressure, in which the error consequences are 

immediate and may be severe. Teamwork is critical in tactical decision-making teams. 

Pilot-bridge teams could also be considered a swift starting action team (Andresen, 

Domsch, & Cascorbi, 2007). These teams must perform in unfamiliar team 

configurations, often concerning tasks that possess a risk of immediate and severe 

consequences (McKinney Jr, Barker, Smith, & Davis, 2004). This characteristic may have 

implications for the teamwork on the bridge, such as the development of shared mental 

models. 

Dedicated research on pilotage also supports the need to examine the social aspects of 

these operations. One study found that in six out of seventeen investigated piloting 

operations, a shared mental model of the situation was lacking among the bridge team-

members (Norros, 2004). This lack of a shared mental model can suggest that the team-



Ernstsen: Reducing the subjective impact in performance assessment 
 

  

___ 
17 

 

members assume that the other members have similar mental models of the ongoing 

operation (Singer & Fehr, 2005). This discrepancy in their theory of mind is further 

aggravated by the broad international reach for most ships, which accentuates the need 

for multi-cultural understanding for all pilot-bridge members, irrespective of their 

technical competencies. Furthermore, a study on pilots from different European 

countries recommended further research on systems that support the human 

component of pilotage operations,  such as communication protocols (Gruenefeld et al., 

2018). 

It has also been found that even if sufficient technical competency exists within the pilot-

bridge team, a functioning teamwork is critical for the safety and efficiency of the 

operation (Lappalainen et al., 2014; Wild, 2011). In an earlier study, Norros and Hukki 

(2003) found that the practised pilotage method dynamically adapts to the 

characteristics of the operation (harbour vs sea passage). The approach used for 

pilotage depends on the availability of the bridge crew rather than on the available 

navigation and manoeuvring technology, which have implications for the cooperative 

behaviour on the bridge (Norros & Hukki, 2003). 

Teamwork is not crisply defined (Salas, Sims, & Burke, 2005), but relates to activities 

serving to strengthen the quality of the team’s functional interactions, relationships, 

cooperation, communication, and coordination of the various team members (McIntyre 

& Salas, 1995). This description of teamwork puts boundaries when assessing teamwork 

competencies as it is described as something more than mere team performance. In the 

example of pilotage operations: only assessing the team's output, e.g., whether the ship 

is successfully berthed, will be an inadequate measure of the ship crew's teamwork 

competency. Instead, one must refer to the team effectiveness, taking a holistic 

perspective both assessing the outcome and the mechanisms that ensured that the 

outcome was achieved.  

Please see Section 3.2 for a presentation of the teamwork literature used in the current 

doctoral research. Next is a description of the unit of assessment and its system 

properties. 
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2.3 The unit of assessment 

The maritime shipping domain is vast and dynamic. To study this domain requires 

careful articulation of the boundaries for the research as it can be approached from 

different perspectives. The following subsections aim to provide a demarcation – 

boundaries – for which the current doctoral research has been conducted. The 

boundaries are set for both the bridge team and for the system that the bridge team is 

operating. 

2.3.1 Demarcating the pilot-bridge team’s system 

The pilot-bridge team studied in the current doctoral research are limited to large 

commercial merchant ships in pilotage operations. This delimitation includes cargo 

ships, bulk carriers, oil tankers, roll-on roll-off (ro-ro) ships, and cruise ships operating in 

connection to Scandinavian waters. Although the content of the thesis could be applied 

to different types of maritime and non-maritime operations and geographical areas, it 

was not the focus of this research. 

For carrying out pilotage operations, the pilot-bridge team operates as a joint cognitive 

and socio-technical system. This distinction raises the need for making the system 

factors and boundaries explicit (Hollnagel & Woods, 2005, p. 67). These concepts will 

therefore be outlined and connected to the current research. 

2.3.1.1 Joint cognitive systems 

A joint cognitive system is capable of anti-entropic behaviour, i.e., it can adapt its 

behaviour to current and anticipated environmental demands. This behaviour is a 

necessary element for the pilot-bridge team system’s performance (and should be 

reflected in its assessment). The pilot-bridge team comprises several cognitive sub-

systems, in which at least one sub-system must be anti-entropic for it to be classified as 

a joint cognitive system. The (human) navigator; for instance, can adapt his or her 

behaviour to environmental demands through coagent dependencies with other system 

components, such as updating the ship’s speed and heading based on feedback from 

the RADAR and ECDIS.  
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A joint cognitive system needs a holistic approach for understanding the system’s 

functions: For instance, a critical and typical process that desires holistic advancements 

in joint cognitive systems is the human – technological ensemble, just mentioned with 

the RADAR example above. By investigating the ensemble’s performance in the system, 

one can advance the understanding of otherwise impenetrable performance data, in 

contrast, to merely considering a navigator’s isolated understanding of a static RADAR 

image (Hollnagel & Woods, 2005, pp. 67–68). The performance assessment of the pilot-

bridge team, thus, corresponds to the system’s operational outcome, and not the 

outcome of the respective individual team member (or agent). 

While cognition research is interested in “what we know”, it manifests differently in 

individual research and systems research. For individual research, the researchers are 

interested in the mental processes concerning what people know, and for systems 

research, researchers are interested in the system processes for understanding what it 

knows. A joint cognitive system classification of the bridge team is, therefore, helpful 

for capturing the system processes. To appreciate this, one must consider that a system 

is more than the set of its elements (i.e., the relationships among the system’s elements 

are substantial for its identity) and that the structure of the system elements impacts 

and determines its function (Ropohl, 1999). The x-axis in Figure 3 below expresses 

neighbouring joint cognitive systems that are close to the pilot-bridge team. 

The pilot-bridge team system, like any system, is subject to the principle of excluded 

reductionism (Ropohl, 1999). This reductionism implies that the team system 

performance cannot be described (and assessed) by considering the individual, the 

team, or the organisational level of analysis in isolation. The renown Hawthorne 

experiments, first investigation reported in Landsberger (1958), early alluded towards 

the socio-psychological finding that an individual’s behaviour cannot be understood 

adequately if social structures are disregarded. Clearly, including all known, unknown 

and unknown-unknown system effects is beyond the scope of this doctoral research and 

a pragmatic approach is necessary. The current research, in light of this discussion, is 
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focused at the team level of analysis. The team level is expressed by its position on the 

y-axis in Figure 3 below. 

 

Figure 3: Visualising the bridge team’s position among joint cognitive systems on the ship in conjunction to the four 
levels of analysis. The horizontal axis shows neighbouring joint cognitive systems, the vertical axis illustrates the 
classical four levels of analysis (individual – group – leadership – organisation) model. 

While the bridge system is recognised as a joint cognitive system at the team level of 

analysis, as expressed by the two axes in Figure 3 above, four auxiliary dimensions must 

still be addressed to consistently delimit the properties and boundaries of the system 

(Hollnagel & Woods, 2005, p. 67). The researcher will therefore bring attention to (1) 

the system’s objects, attributes, and exemplify system relationships that have been used 

in the doctoral research, (2) discuss external impacts on the bridge system, (3) address 

the complexity within the bridge system; and finally, (4) provide an overview of the 

bridge system by describing socio-technical characteristics applicable to the bridge team 

system. Defining and discussing these system dimensions are central to classify the unit 

of analysis properly. 
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2.4 The pilot-bridge team’s system properties and boundaries 

In Hall and Fagen (1968, p. 82), a system is defined as “a set of objects together with 

relationships between the objects and between their attributes”. In this, relevant 

objects, attributes and relationships for the bridge team and the context in which it 

exists are defined to articulate the unit of analysis aptly. Subsequently, a discussion of 

complexity according to Flach (2012), whereas Ropohl (1999) and Vicente (1999) are 

used to examine the socio-technical characteristics of the bridge team. 

2.4.1 Objects, attributes and relationships in the joint cognitive system 

Objects are physical or abstract elements of the system, and their attributes point to the 

object’s properties (Hall & Fagen, 1968). Objects are the components of the system, 

such as a button on a piece of machinery. The attribute, then, is the object’s property, 

such as the state of the button (e.g., on/off). While an object can have a multitude of 

both primary and secondary attributes, only the primary properties of relevant objects 

are used to classify the bridge team system. In light of this, the objects and attributes 

that were used in the doctoral research are listed in Table 3 below. Moreover, as 

previously affirmed, the maritime domain is vast and diverse: This diversity is also 

reflected in the variations of objects found across different ship bridges. Considering this 

variation; a third and fourth column in Table 3 below is dedicated to highlighting system 

properties that diverge across maritime operations. 

Table 3: List of objects and main attributes in the maritime scenario designed for the experiment reported in Article 4. 
MFD = Multifunctional display (i.e., can be set for different attributes). 

Objects Main attributes  Customisable object Customisable 
attribute 

Monitor 1 (MFD) ECDIS, GPS overlay, AIS Yes Yes 

Monitor 2 (MFD) RADAR, GPS overlay, ARPA Yes Yes 

Monitor 3 (MFD) Binocular view Yes Yes 

Monitor 4 (MFD) Conning: speed and heading Yes Yes 

Monitor 5 (MFD) Conning: Engine throttle Yes Yes 

Instrument 1 Throttle control No Yes 

Instrument 2 Thruster control Yes Yes 

Instrument 3 Rudder control Yes Yes 

Windows Optical view of surround area No Yes 

Book Logging No Yes 

Documentation Pilot cards No Yes 
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Radio VHF No Yes 

Handheld radios UHF No Yes 

Human 1 Captain/Officer of the Watch No Yes 

Human 2 Pilot No Yes 

Human 3 Helmsman  Yes Yes 

Human 4 Lookout Yes Yes 

Human 5 Navigator Yes Yes 

Human 6 VTS No Yes 

Human 7 Tugs Yes Yes 

Human 8 Other Vessels Yes Yes 

Human 9 Skandia Harbour Yes Yes 

Human 10 Boatswain No Yes 

    

The next aspect to consider concerns the relationship between objects, which can be 

either direct or indirect. A direct relationship describes objects where the outcome in 

isolation influences the outcome of another object, and an indirect relationship 

corresponds to objects moderating the connection between the objects. Furthermore, 

seeing that objects in the system and their interdependent relationship are a 

combination of technical and social, the bridge team system is also socio-technical 

system (Ropohl, 1999). In Table 4 below, examples of simple relationships for a few 

objects that were used are presented: Please note that the list is only a limited example 

and far from exhaustive, as there often are numerous visible and subtle inter-dependent 

interactions in such complex operations. 

Table 4: Example of system relationships by listing objects and attributes and an outcome from their relationship. 

Object (attribute 1) Object (attribute 2) Outcome 

Human (navigator) Monitor 1 (ECDIS) GPS position update 

Instrument 1 (throttle) Instrument 2 (thruster) Course alteration 

Coordination (Backup behaviour) Instrument 3 (rudder) Rectify ship heading 

Schemata (job) Human (lookout) Knowing which external triggers to bring into team’s attention 

2.4.2 External impacts on pilotage operations 

The environment around the pilotage operation is typically a process in constant change 

(Norros, 2004, p. 32), and these external environmental factors are important to 

consider for open systems (Flach, 2012). These factors influence the system behaviours 

but are not part of the system itself. This external impact contrasts to closed systems 

where the boundary between the system and the environment is impermeable. The 
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bridge team is an open system and has to accommodate changes in response to 

environmental demands continuously. For instance, what may appear as an uneventful 

voyage into port, could abruptly elevate due to a sudden change in the weather 

condition. Understanding the environmental demands is critical for the safety of the 

operation and as a consequence, are essential for understanding pilotage operations. 

For the current research, three predominating external factors are considered: weather, 

time pressure and traffic. 

Weather and hydrodynamic forces impact the ship’s manoeuvrability and navigation. 

While this impact is less problematic in open ocean (relative), it can significantly impact 

the complexity of the operation in shallow water and during berthing, e.g., depth effects 

(Wang et al., 2017). Please see Figure 4a and 4b below for an illustration of six ship 

motions that can be influenced by hydrodynamic forces and the manoeuvrability of the 

ship. 

  

Figure 4a and 4b: Illustrations of the six ship motions. Figure A shows the three rotational degrees of freedom 
whereas Figure B shows the three translation degrees of freedom. Both figures are public domain, created by 
Wikipedia user: Jmvolc. 

Time is another external dimension that impacts the (perceived) pressure of the 

operation. Different elements contribute to time pressure; for instance, weather-

invoked time pressure, tidal dynamics (certain areas are only passable during high-tide), 

pressures coming from the port (schedules), and ship-owner pressure (e.g., economic 

interests). Regardless of the source, time-pressured situations are found to negatively 

impact the operator’s decision making (e.g., Wickens, Stokes, Barnett and Hyman’s 

(1993) study on aviation pilots in time-pressured situations). There are several prevailing 

theories attempting to explain how time-pressured situations impact skill performance: 
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two of them are self-focus and explicit monitoring (Baumeister, 1984). The line of 

reasoning is that performance pressure increases anxiety and self-consciousness about 

performing correctly; which subsequently activates an intrinsic and cognitive step-by-

step-control for performing the necessary set of actions, in which the mechanism is 

further explained in the renown skill-, rules,- and knowledge model described in 

Rasmussen (1983). This step-by-step control inhibits the automated skills to operate as 

already developed through hours of experience and training. A consequence, in turn, is 

excessive use of working memory, reducing the operator’s capacity to, for instance, 

project future actions (Baumeister, 1984; Endsley, 1995). 

On the contrary, there are certain time-pressured conditions found to impact 

performance positively. For instance, conditions that are repetitive and too low in 

demand can pacify operators, reducing their operational vigilance (Endsley, 2017), 

suggesting that some level of time pressure is necessary. Identifying and delimiting time 

pressure is an important aspect that impacts the performance of complex joint cognitive 

systems. 

Maritime traffic is the third external factor that will be addressed. Traffic density has the 

potential of making navigation – especially in constrained waterways – excessively 

complex. The surrounding vessels operate, navigate and resolve conflicts locally. While 

there exist central information services (i.e., the vessel traffic service), the management 

of maritime traffic is distributed (van Westrenen & Praetorius, 2014). As the world’s 

fleet capacity and need for shipping increases (UNCTAD, 2018), the traffic complexity 

will naturally also increase. There are studies suggesting remedies for the increase in 

traffic complexity, e.g., by organising a centralised planning and coordination system 

(van Westrenen & Praetorius, 2014). However, the maritime industry is slow to change, 

and in the interim, traffic complexity maintains an external dimension that must be 

carefully monitored by the pilot-bridge team. 

Collectively, weather, time, and traffic factors contribute to raising the complexity of the 

joint cognitive (bridge team) system in carrying out a safe and efficient voyage. With 
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regards to the internal and external system factors, maritime navigation operations are 

considered complex as defined in Flach (2012). 

2.4.3 Complexity in pilotage operations 

A pilotage operation is considered as high-risk and requires that the pilots perform 

complex procedures in unfamiliar team configurations (Andresen et al., 2007; Darbra, 

Crawford, Haley, & Morrison, 2007). For instance, the operation has uncertain 

hydrodynamic processes and a high degree of complexity (in this example: a technology-

mediated information representation), as suggested in Norros (2004). 

Complexity is a function of the number of objects in the system (dimensionality) and the 

relationship between these objects (Flach, 2012), where more objects and a higher 

number of interdependent relationships are considered more complex. Complexity, in 

turn, increases with the addition of interdependent factors (i.e., increased 

interdependent dimensionality). For maritime pilotage operations, relationships 

between system factors are often interdependent and multidimensional, which 

supports the classification of maritime pilotage operations as complex. In these 

operations, all of the examples are interconnected, either directly or indirectly. Four 

simple examples of intricate relationships between critical factors are given in Table 4 

above. To illustrate a simple example of navigation complexity, Figure 5 below shows a 

potential connection between the internal bridge system and external system that are 

important for the performance of the bridge team. The complexity increases when the 

number of dimensions (list on the left) increases and when connecting more lines in the 

figure to the right. 
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Dimensionality Interdependencies 
(independent objects in the system) 

 
Weather 

(the relationship between the objects) 
 

 

 
Traffic 

 
Bridge crew 

 
Engine crew 

  
Figure 5: Simple illustration of complexity applied to navigation, retrieved from: Ernstsen, Musharraf, Mallam, Nazir 
and Veitch (2018). 

2.4.4 Socio-technical characteristics in pilotage operations 

Analyses of complex socio-technical operations have been carried across a multitude of 

disciplines, like aviation (de Carvalho, Gomes, Huber, & Vidal, 2009), healthcare 

(Carayon & Buckle, 2010), military (Rafferty, Stanton, & Walker, 2010), cars and railroad 

(Stanton & Salmon, 2011), as well as for maritime operations (Stanton & Bessell, 2014). 

Vicente (1999) formalised a set of complex socio-technical characteristics that have 

subsequently been adapted to maritime settings; for instance, Praetorius and Hollnagel 

(2014) applied these characteristics to vessel traffic services, and Ernstsen et al., (2018) 

described the characteristics in relation to pilotage operations (see Table 5 below). 

While the list is not covering all aspects, it does give an overview of complex socio-

technical characteristics that can exist in various maritime pilotage operations. 

Theories on joint cognitive systems (Hollnagel & Woods, 2005), research on operational 

complexity (Flach, 2012), and socio-technical system frameworks (Ropohl, 1999) are 

employed for defining the pilot-bridge team system and to provide background and 

context for the assessment tool.  

The next chapter will be addressing training- and assessment theories relevant for the 

development of the tool. 
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Table 5: Socio-technical characteristics applied to pilotage operations, retrieved from Ernstsen et al., (2018). 

Characteristic Maritime application 

Dynamic A high lag between action and response: workers must anticipate vessel’s future state. 

Large problem space The complexity of work based on a plethora of relevant variables (ship technical, human-
related and environmental).  

Social Bridge system functioning is dependent on collaboration and cooperation. 

Distributed Dependent personnel involved in complex navigations are culturally and geographically 
distributed (e.g., engine room crew, tugboat operators, port authorities). 

Heterogeneous perspectives Operators with different backgrounds and potentially conflicting values are common in 
the maritime industry.  

Hazard There is a high degree of a potential hazard upon failure. 

Couplings Bridge system depends on complex subsystems (e.g., engine room, VTS, surrounding 
vessels), which makes it difficult to predict all effects of an action. 

Automation Computer algorithms control work operations while bridge personnel often monitor, 
thus operators are rendered unaccustomed to perform compensatory activities upon 
system deviations. 

Mediated interaction Bridge operators must rely on interfaces to acquire a representation of the system state. 

Uncertainty Sensors and indicators monitoring the technical system of the vessel may provide the 
operators with erroneous information.  

Disturbances The bridge system is dealing with unanticipated events which require improvised action 
(e.g., when checklists and standard operating procedures are mis-fitting) to rectify 
system deviations, thus requiring that operators possess a conceptual understanding of 
their work.  
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3 Theoretical framework 
Training and assessment are two significant fields of research pertinent to the 

development of a performance assessment measure in full-scale training simulators. 

This chapter, therefore, provides a comprehensive overview of the theoretical 

framework that is employed in the current doctoral research and describes relevant 

training- and assessment research from a human factors-perspective. Then the last part 

of this chapter expands on relevant theoretical background for teamwork. 

3.1 Training and assessment 

Training and assessment are indispensable elements of Human Factors (HF). The HF 

discipline is scientific, theoretical, and applied while dealing with psychological, physical, 

and organisational aspects of the interaction between humans and systems (Horberry, 

Grech, & Koester, 2008; IEA, 2019). It involves the study of factors and development of 

tools for attaining three goals: enhancing performance, increasing safety, and increasing 

user satisfaction (Wickens, Gordon, Liu, & Lee, 1998). While one approach may attempt 

to increase production output (performance) on the cost of quality (safety), a human 

factors’ approach would aim to satisfy all goals at once (Alexander, 2002; Hendrick, 

1996). For training and assessment, this requires methods that prepare the operator for 

the challenges he or she will encounter in their working endeavours. This requirement 

entails teaching, practising, and assessing the physical and mental skills demanded by 

the job. 

3.1.1 Training 

Improving the competencies of a human operator - the trainee - requires meticulous 

planning. There are plenty of training methods at disposal, ranging from on-the-job 

training, to traditional classroom training, and full-scale simulator training. However, a 

conundrum for any training program is to choose and employ methods that are best 

suited for reaching the present-day training needs (Flin & O’Connor, 2017). One critical 

aspect of this conundrum is to recognise the type of competency that is required for a 
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particular task: declarative, procedural, or skills related to automaticity (Fitts & Posner, 

1967; Kluge, 2014). 

3.1.1.1 Declarative, procedural and skill knowledge 

Declarative knowledge involves knowledge about a task, which is essential to have in 

any complex operation (Kraiger, Ford, & Salas, 1993). This need translates into knowing 

various facts about the job (and its environment); such as task information, semantics 

and procedures, as well as generating various relevant personal experiences tied to 

carrying out the task (Squire, 1992). This type of knowledge is usually not cognitively 

well organised; hence, it is often inefficient when carrying out a particular task (Wickens 

et al., 1998). Still, this knowledge is imperative in complex operations when novel 

situations arise that require creative problem solving (Rasmussen, 1983). Training 

operators to have proper knowledge about a task and the environment is critical for 

ensuring that the task is effectively, efficiently, and safely carried out during complex 

operations (Anderson, 1996). 

Procedural knowledge is knowing how a task is carried out. As the operator keeps 

rehearsing and practising a specific task, he or she develops procedures that make it 

easier to carry out tasks. These procedures can be internalised and swiftly retrieved and 

employed when needed (Ackerman, 2014; Kraiger et al., 1993). The procedures consist 

of rules and if-then statements that the operator follows once the stimuli for the action 

is there. The complexity of the tasks put different demands on the amount of practice 

required before enough knowledge of how a task is carried out exist. 

Finally, as the operator further cultivates his or her expertise, execution of the task 

might mature into automaticity and skills. This development allows the operator to carry 

out a task with the use of minimal cognitive resources. For complex operations during 

high situational demands, being able to carry out various tasks with minimal cognitive 

strain is advantageous for maintaining an awareness of the situation. An expert operator 

will be able to carry out tasks using automated behaviours, knowing when to apply the 

various rules and if-then procedures, and possess comprehensive knowledge of the 
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system and its surrounding environment (Kluge, 2014). This competency makes 

experienced personnel invaluable assets for safely and efficiently carrying out complex 

operations. 

3.1.1.2 Simulator training in complex operations 

Cultivating the operator’s expertise in complex operations; however, requires advanced 

training methods, considering that these operations entail and require declarative, 

procedural, and skill-based competencies (Nazir, Øvergård, & Yang, 2015; Nazir, 

Sorensen, Øvergård, & Manca, 2015; Rasmussen, 1983). Full-scale simulator training is 

a prevalent and essential advanced training method for improving competencies in 

complex operations, especially compared to on-the-job training, in which the risk (and 

cost) would be significantly higher (Vederhus et al., 2018).  

Simulator training has been suggested as effective measures for improving operator 

competencies across a number of high-risk industries, such as aviation (De Winter, 

Dodou, & Mulder, 2012), nuclear process plants (Nazir, Øvergård, et al., 2015), as well 

as for offshore , railroad, and maritime (Håvold, Nistad, Skiri, & Ødegård, 2015; Nazir, 

Øvergård, et al., 2015) for effectively training the operators. Furthermore, for the 

maritime industry in particular, the numerous conventions and codes that the IMO – 

including the International Convention for the Prevention of Pollution from Ships 

(MARPOL), International Convention for the Safety of Life at Sea (SOLAS), International 

Ship and Port Facility Security Code (ISPS-code) and the STCW request substantial 

performance demands on the crew, which together emphasise a need for sophisticated 

full-scale simulator training (Baldauf, Dalaklis, & Kataria, 2016). 

3.1.1.3 Training transfer in full-scale simulator training 

A full-scale simulator allows the trainee to rehearse complicated situations in immersed 

settings that may arise during actual operation, and thus be better prepared to perform 

when needed. Immersivity is often connected to improved training transfer, which is an 

argument for using full-scale simulators in high-stake operations. It can also justify the 

extensive training cost associated with full-scale simulator training if rightly designed 
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(Dahlstrom, Dekker, Van Winsen, & Nyce, 2009; Dede, 2009). Besides, training 

simulators offer controlled environments that can be designed for the students’ level of 

understanding and can be flexible in terms of pausing scenarios for feedback and 

discussion, if needed (Maran & Glavin, 2003). 

At the same time, attempts to investigate the benefits of using emerging simulator 

systems, such as virtual reality systems, have been made, as reported in Mallam, et al., 

(2019), Renganayagalu, Mallam, Nazir, Ernstsen and Haavardthun (to be published) and 

Ernstsen, Mallam & Nazir (to be published). 

For the training to have value, the acquired competencies must also be transferred from 

the training environment to its real-world application. Training transfer is conventionally 

defined as the application, generalisability, and maintenance of acquired knowledge and 

skills (Ford & Weissbein, 1997). A large meta-analysis and literature review summarised 

the past decades of transfer research and identified that Baldwin and Ford’s (1988) 

portrayal of training transfer was still praised (Blume, Ford, Baldwin, & Huang, 2010). 

This model of the transfer process (Figure 6) organises training inputs, training outputs 

and transfer conditions as three critical variables for successful training transfer, and the 

criteria in large parts are relevant in today’s contexts as well (B. S. Bell, Tannenbaum, 

Ford, Noe, & Kraiger, 2017). 
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Figure 6: Model of the training transfer process (Baldwin & Ford, 1988). 

3.1.1.4 The role of performance assessment 

Effective performance assessment is essential for safe and efficient operations. The 

necessity for valid and reliable assessment is multi-dimensional: the assessment is 

important for 1) the individual trainee (Sadler, 1989), 2) the stakeholders; for instance, 

the company that hires the trainee (Taras, 2005), 3) the trainer and training program 

design (Taras, 2005), and 4) a company’s competency modelling and job-needs analysis 

(Ruggeberg, 2007).  

Strategic decisions across these dimensions are regular; whether it is to hire (or not hire) 

an operator, to further (or not) refine skills of an operator, or to reshape the training 

and educational program. Increasing the precision and consistency of the performance 

assessment methods is a prerequisite for effective strategic decision making, as it will 

provide the decision makers with more accurate information about the competency 

needs of the workforce (Bowen, Ledford Jr, & Nathan, 1991; P. J. Taylor, Driscoll, & 

Binning, 1998). This decision making, then, has subsequent implications for operational 

performance. The next section expands on the performance assessment literature.  
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3.1.2 Performance assessment 

Assessment refers to a judgement justified according to criteria, their weightings, and 

the selection of specific goals (Scriven, 1967, p. 40); however, the specific nomenclature 

for the term “assessment” varies across disciplines and languages, where “assessment” 

and “evaluation” are commonly interchanged. For precision, the doctoral researcher 

intends to use assessment as here defined and consistent with the reasoning in Taras 

(2005). The term evaluation refers in this dissertation to judgements about courses and 

course delivery in educational settings. 

3.1.2.1 Formative and summative assessment 

There exists a plethora of approaches and perspectives for achieving the correct 

assessment of performance depending on its purpose. Two important distinctions are 

formative and summative assessment, as introduced in Scriven (1967). Formative 

assessment entails basing a performance assessment on multiple criteria and with a 

purpose of further shaping and improving a trainee’s competency. In contrast to 

summative assessment, which aims to conclude and summarise the trainee’s 

performance (Sadler, 1989). 

Formative assessment is essential in successful education programs. A key aspect of 

formative assessment is feedback. One conceptualisation of feedback recognises it as 

information given by a trainer (or other agents) regarding aspects of the trainee’s 

performance (Hattie & Timperley, 2007), feedback is thus a consequence of a trainee’s 

performance and a central part of formative assessment (Taras, 2005). Moreover, 

feedback must provide information that closes the gap between what is understood and 

what is aimed to be understood (Ramaprasad, 1983; Sadler, 1989). This necessity is well-

put in Ramaprasad (1983): “information about the gap between the actual level and the 

reference level of a system parameter which is used to alter the gap in some way” (p.4). 

The other distinction, summative assessment, encapsulates all evidence up to a given 

point and summarises it for the trainee, e.g., as a grade score. This approach contrasts 

formative assessment as the feedback in the summative approach is not designed for 
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exposing which topics the trainee needs to improve. Where formative assessments rely 

on explicit formulations of criteria, a summative assessment can rely on either explicit 

or implicit criteria. 

These implicit and explicit criteria are manifestations of what is considered essential and 

relevant for any judgment in any context. An implicit criterion resides in the head of the 

evaluator, which subtly and meaningfully impacts the judgment. An explicit parameter, 

however, is formulated and can, therefore, more easily be shared between the assessors 

(Taras, 2005). This distinction of implicit and explicit assessment criteria has implications 

for the human bias in performance assessment. 

3.1.2.2 Human bias in performance assessment 

Human assessors are continuously prone to different types of assessment bias and must 

therefore rely on these explicit parameters to improve their reliability (Moorthy, Munz, 

Sarker, & Darzi, 2003). Examples of biases that impacts assessment are serial positioning 

effects, whereby one has a better memory of initial and final actions (Murdock Jr, 1962); 

halo effects, the cognitive bias whereby the initial – and often ambiguous – assessment 

of a trainee impacts on his or her subsequent assessment (Nisbett & Wilson, 1977b); 

and recognition-primed inferences, whereby one favours actions that are familiar to the 

assessor – typically crediting trainees’ ability to solve tasks on the basis of how the 

assessor would accomplish it (T. D. Wilson & Brekke, 1994). These biases significantly 

affect what information is retrieved and evaluated (Nisbett & Wilson, 1977a). 

Tversky and Kahneman (1974) presents three heuristics (i.e., cognitive shortcuts) that 

people make when making judgements under uncertainty: representativeness, 

availability, and anchoring. While these heuristics are economical and generally 

effective, they also lead to systematic and predictable errors. When humans are 

assessing operators in full-scale simulators, they are likely prone to the same heuristics. 

Representativeness is defined as “the degree to which an event is similar in essential 

characteristics to its parent population and reflects the salient features of the process 

by which it is generated” (Tversky & Kahneman, 1974). This heuristic entails that people 
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use categories when making inferences and assessments. This effect was found in a 

psychological experiment where students were asked to estimate the grade point 

average of hypothetical students. The group of students that received descriptive 

information about the hypothetical students ignored relevant statistics when asked to 

estimate the grade point average (Kahneman & Tversky, 1973). This effect has been an 

argument for not basing admissions on interviews and could also be considered as a 

pitfall in maritime full-scale simulator assessment as well. 

Availability heuristic is employed when people assess the frequency of a class or the 

probability of an event by the ease with which instances or occurrences could be 

brought to mind (Tversky & Kahneman, 1974). This cognitive shortcut is useful for 

assessing frequencies and probabilities of a situation because it favours the larger and 

more frequent instances. However, there are human biases in the retrievability of the 

instance. In an experiment, people were asked to hear a list of well-known personalities 

of both sexes and were subsequently asked to judge if the list contained more men or 

women. In some lists, the men were more famous, and in other lists the females were 

more famous. Consequently, for all lists, the subjects erroneously judged that the 

classes consisting of the more famous personalities to also be more numerous (Tversky 

& Kahneman, 1973).  

Furthermore, the retrievability of instances are also impacted by the salience of the 

particular instance (Tversky & Kahneman, 1974). An example for full-scale assessment, 

dominant actions carried out by the students and trainees could be more easily 

retrieved in the assessor’s memory and subsequently be weighted unfair (in either 

direction) in relation to the students’ and trainees’ overall performance. Finally, the bias 

of imaginability plays an important role in the evaluation of performance and risk, in 

which the vivid and adventurous actions and expeditions are often more easily retrieved 

for the assessor (Tversky & Kahneman, 1973). This effect may lead the assessor to 

grossly underestimate possible dangers that are difficult to conceive (or come to mind) 

compared to dangers that are more colourful. The ease with which instances or 

occurrences are brought to mind is a significant human bias in judgement. 
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Anchoring is a third heuristic that Tversky and Kahneman present in their seminal paper. 

This heuristic represents when people make estimates by starting from an initial value 

which is adjusted to yield the final answer. However, regardless of the initial value’s 

source, the adjustment for the final answer was mostly insufficient (Slovic & 

Lichtenstein, 1971). This effect has been (repeatedly) demonstrated by having subjects 

watch a number being randomly generated between 0-100, and then asked to guess 

whether a given quantity is larger or smaller than the random number, e.g., “Is the 

percentage of African countries which are members of the United Nations larger or 

smaller than 65 %?”. The answer correlated with the arbitrary given number (Pohl & 

Pohl, 2004; Tversky & Kahneman, 1974). From a different perspective, people have been 

convinced to buy more quantities of a product by labels such as “limit 12 per customer” 

(Yudkowsky, 2008). A potential consequence for the event of assessment could be that 

assessors are biased by prior examinations: That the final evaluation of a performance 

is influenced by the evaluation of the prior evaluation. 

The illusion of validity when making assessments further complicates the issue of getting 

precise and consistent performance assessments when considered in light of the above 

discussion. This illusion of validity gives people confidence that they have made a correct 

prediction with little to no regard to disconfirming factors. In fact, people express great 

confidence even when the assessor is aware of the factors that limit the accuracy of the 

prediction (Tversky & Kahneman, 1974). For instance, a person could firmly assert that 

a profile bio describes a librarian even if the biographical description of the profile is 

vague. 

In sum, people’s heuristics and cognitive biases are effective for fast decisions but can 

also make the assessor prone for erroneous performance evaluations. One counter 

measure, as mentioned, is to structure the assessment using explicit assessment 

parameters and criteria (Taras, 2005). This formulation of the parameters also enables 

the option to subsequently re-assess the scenario using a second evaluator. In complex 

operations, systemising these criteria is important for properly understanding what is 

being assessed (Ernstsen, Nazir, Røed, & Manca, 2016) as people can easily 
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underestimate the probability of failure in complex system, due to effects such as 

anchoring (Tversky & Kahneman, 1974). Furthermore, there are various perspectives on 

how data can be analysed concerning an operation that is being scrutinised, where the 

use of computers is becoming increasingly popular (the computer is not directly prone 

to human bias). The computer can be a practical tool for systemising and making the 

criteria for assessment more explicit. 

3.1.2.3 Using computers in assessment 

Computers have been assisting assessment since the 1990s (Boyle & O’Hare, 2003), and 

increasingly sophisticated computers and software also increases the use of computers 

for assessment purposes (Gekara et al., 2011). Zakrzewski and Stevens (2000) points to 

three advantages of computerising the assessment procedures: it reduces workload 

pressure (particularly for multiple-choice tests), faster feedback for students and 

trainees, and easier data management. Additionally, it is also suggested that computer-

assisted assessment facilitates more consistent and objective assessment (Roberts, 

Newble, Jolly, Reed, & Hampton, 2006). Another benefit is the opportunity for self-

assessment, especially for formative purposes (Hodson, Saunders, & Stubbs, 2002). At 

the same time, setting up a computer-assisted assessment framework is costly, but 

given the benefits it is often regarded as cost effective in the long-tern (Gekara et al., 

2011). However, Zakrzewski and Stevens (2000) and Conole and Warburton (2005) point 

to, among other, the need to have measurements tools that are valid, reliable and 

flexible as three pre-requisites for a successful assessment framework. 

The use of computers in assessment has been widely debated concerning its use for 

summative or formative assessment, but as discussed in Gekara, Bloor and Sampson 

(2011), many researchers, e.g., Conole and Warburton (2005), argue that computer 

assisted assessment can be used in both summative and formative assessment 

purposes. Benefits such as automated assessment, enabled by the use of computers, 

are also increasingly valued, e.g., Manca, Nazir, Colombo and Kluge (2014), and it seems 

that considering all the benefits, that the use of computers in assessment is beneficial. 
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3.2 Teamwork 

Teamwork can be defined as a “set of interrelated thoughts, actions, and feelings of 

each team member that are needed to function as a team and that combine to facilitate 

coordinated, adaptive performance and task objectives resulting in value-added 

outcomes” (Salas, Sims, & Klein, 2004). Teams are “two or more individuals with 

specified roles interacting adaptively, interdependently, and dynamically towards a 

common and valued goal” (Dyer, 1984). The teamwork requirements are expected to 

change depending on their application, in which tactical decision-making teams (such as 

teams working in complex pilotage operations) experience time-pressure and encounter 

error consequences that are immediate and severe (in contrast to, for instance, teams 

working in offices). For tactical decision-making teams, then, effective teamwork is 

essential. 

However, the specific teamwork requirements for tactical decision-making teams are 

also subject to change depending on the application (Priest, Burke, Munim, & Salas, 

2002). While numerous team taxonomies have been developed; for instance, Devine 

(2002); Marks, Mathieu and Zaccaro (2001), and Sundstrom (1999). It is argued that the 

team- and taskwork requirements of specific teams need to be analysed and understood 

in its context to augment team effectiveness (Salas et al., 2005). 

For instance, Rafferty, Stanton and Walker (2010) investigated teamwork in tactical 

decision-making teams in complex military operations and adapted leading teamwork 

models for the particular case of fratricide. In their research, they conducted a 

comprehensive literature review (n = 80 papers) spanning 30 years of teamwork 

research. Four of the core teamwork factors that they identified, and which are 

considered relevant for the current doctoral research will be briefly presented next. 
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3.2.1 Communication, coordination, cooperation, and shared mental 

models 

3.2.1.1 Communication 

Communication is an explicit transfer of information between individuals and must 

consist of a sender and a receiver (McIntyre & Salas, 1995). There are different reasons 

for needing to communicate and the means of doing this; and various disciplines have 

extensively researched the process of communicating in teams. The current paper 

follows the break-down of communication as described in Wilson, Salas, Priest and 

Andrews (2007), which also fits to the demands of tactical decision-making teams. There 

are particular two necessary subfactors of communication that are highly relevant in 

these teams: i) Reasons for communication; that is, the content of the exchanged 

information, and ii) how team-members exchange this information, i.e., the 

phraseology. The way the team uses terminology, articulate words and sentences, 

following standardised communication procedures (e.g. closed-loop communication: 

mutual acknowledge- and verify information requests) and using effective information 

and communication technology. 

3.2.1.2 Coordination 

Coordination is important for effective team performance (Guzzo & Shea, 1992; Swezey 

& Salas, 1992). It is often considered as the ability of team members to act in concert 

without the need of explicit communication (MacMillan, Entin, & Serfaty, 2004), or even 

to have a distributed cognition among the team agents (Hutchins, 1995). Coordination 

is necessary for proper sequencing, synchronising, integrating and completion of team 

tasks without wasting valuable resources such as time and manpower (Cannon-Bowers, 

Tannenbaum, Salas, & Volpe, 1995). While coordination is interdependent on other 

teamwork factors (such as having shared mental models) for optimal performances, 

three sub-mechanisms are generally found to be important for coordination: back-up 

behaviour, mutual performance monitoring, and adaptability (K. A. Wilson et al., 2007). 
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Back-up behaviour is the ability to anticipate the needs of other team members and 

then to shift workload among members to achieve a balance during periods of high 

workload (Salas et al., 2005).  

Mutual performance monitoring refers to the ability to be attentive to other team 

member’s tasks while undertaking his or her responsibilities and providing feedback 

about mistakes and lapses to facilitate self-correction (McIntyre & Salas, 1995). 

Adaptability is the team’s ability to adjust their strategies following information 

gathered from the environment, for instance through the use of back-up behaviour 

(Campion, Medsker, & Higgs, 1993). This ability involves that the team stays vigilant to 

identify cues and subtle changes in the surrounding environment (Salas et al., 2005). 

Research on coordination has demonstrated that high-performance teams are able to 

rely on implicit coordination strategies in time-pressured situations for a speedier 

exchange of information (Entin & Serfaty, 1999; Shah & Breazeal, 2010). It should be 

mentioned that similar findings have been found in maritime experiments as well, e.g., 

Espevik, Johnsen and Eid (2011) investigated coordination and performance in co-

located and distributed teams in different naval operational conditions.  

Please see Table 6 below for the conceptualisations of communication and coordination.  

 

Table 6: Conceptualisations of communication and coordination. 

Communication Coordination 

Information 
exchange 

Phraseology Back-up behaviour Mutual performance 
monitoring 

Adaptability 

Refers to what 
information is 
delivered 
between the 
sender and 
receiver (K. A. 
Wilson et al., 
2007). 

Refers to how the 
information is 
delivered 
between sender 
and receiver (K. 
A. Wilson et al., 
2007). 

The ability to anticipate other 
team member’s needs 
through accurate knowledge 
about their responsibilities. 
This includes the ability to shift 
workload among members to 
achieve balance during high 
periods of workload or 
pressure (Salas et al., 2005). 

The ability to develop 
common understandings 
of the team environment 
and apply appropriate 
task strategies to 
monitor teammate 
performance (Salas et 
al., 2005). 

The ability to adjust 
strategies based on 
information gathered 
from the environment 
through the use of 
back-up behaviour and 
reallocation of 
intrateam resources 
(Salas et al., 2005). 
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3.2.1.3 Cooperation 

Cooperation is considered the attitudinal aspect of teamwork and is an antecedent for 

communication (K. A. Wilson et al., 2007). Early teamwork research already identified it 

as an important aspect of teamwork, e.g., Siegel and Federman (1973). There are several 

essential factors for cooperation; however, team orientation and mutual trust are 

considered most relevant within the current research framework. These two factors are 

commonly found to serve high importance for tactical decision-making teams’ 

cooperation (Rafferty et al., 2010; Salas et al., 2005).  

Team orientation is a complex factor that should be assessed from both an individual- 

and group level perspective (Eby & Dobbins, 1997). Individual components of the factors 

refer to a person’s locus of control and perceived self-efficacy, described in Bandura 

(1991), which are two facets of believing that one has a potential to contribute (to the 

team). Moreover, on the group level perspective, the team composition is important 

(Mathieu, Tannenbaum, Donsbach, & Alliger, 2014): such as having teams with a 

heterogeneity of skill and abilities within the team (Gladstein, 1984; Jackson, 1992), 

while also exercising homogenous attitudes and preferences, are aspects that are linked 

to team orientation, subsequently critical for cooperation (Ancona & Caldwell, 1992). 

The other critical mechanism for cooperation is to have mutual trust in the team. It is 

the shared perception that team members perform actions which are important to 

other team members and their joint endeavour (Salas et al., 2005). Research on 

cooperation as a necessary attitudinal component for effective teamwork has been 

summarised in recent studies (S. T. Bell, Brown, Colaneri, & Outland, 2018). This study 

concluded that team composition shapes the affective, behavioural and cognitive 

components of teamwork. 

3.2.1.4 Shared mental models 

Everyone is continuously and implicitly affected by his or her theory of the world and is 

based on own life experiences (De Villiers, 2000; Goodwin, 1994; Neisser, 1976). This 

cognitive mechanism follows the individual into their team interactive behaviours and 
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is also linked to team performance (Converse, Cannon-Bowers, & Salas, 1991; Fischer, 

McDonnell, & Orasanu, 2007). Shared mental models have been widely explored and 

have throughout been given different terminology and taxonomies; however, most of 

the theories on the topic points to its significance for team performance.  

One perspective, particularly in tactical decision-making teams, is to consider a multiple 

mental models-approach; mental models of technology (i.e. equipment functioning), of 

tasks (i.e., task contingencies and procedures), of team interactions (i.e., team roles and 

interaction patterns), and team mental models, as in having a schemata for other team 

members’ knowledge, skills and abilities (Converse, Cannon-Bowers, & Salas, 1993; 

Mohammed & Dumville, 2001). Effective mental models are important for efficient 

coordination; and thus, team performance (K. A. Wilson et al., 2007; Zoogah, Noe, & 

Shenkar, 2015). 

Please see Table 7 below for the conceptualisations of cooperation and shared mental 

models. 

Table 7: Conceptualisations of cooperation and shared mental models. 

Cooperation Shared mental models 

Team orientation Mutual trust Equipment Job Interaction Team-knowledge 
A propensity to 
take other’s 
behaviour into 
account during 
group interaction 
and the belief in 
the importance of 
team goals over 
individual 
members’ goals 
(Salas et al., 2005). 

A shared perception 
that team members 
will perform actions 
relevant for all team 
members, and that the 
individual team 
members will 
recognise and protect 
the rights and interests 
of all the team 
members engaged in 
their joint endeavour 
(Simsarian Webber, 
2002). 

A shared 
understanding 
and knowledge 
of how to 
control 
technology and 
equipment 
(Converse et 
al., 1993). 

A shared 
understanding 
of the task at 
hand, how to 
carry it out and 
environment’s 
impact on their 
task (Converse 
et al., 1993). 

A shared 
understanding of 
team member’s 
roles and 
responsibilities 
within the team 
(Converse et al., 
1993).  

A shared 
understanding of 
team members 
knowledge, skills, 
abilities and 
preferences 
(Converse et al., 
1993). 
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4 Methodological framework 
This chapter provides an overview of the doctoral research program as well as details 

regarding each method that the researcher has used throughout the project. Section 4.1 

presents the methodological overview of the project as a whole, then breaks down and 

explains the project's four stages. In Section 4.2, the central research methods are 

described. This section also presents an outline of the procedure for each of the 

appended articles and ends with a description of the tools comprising the CAPA-tool. 

4.1 Overview of the doctoral research 

To recap, this doctoral research project aimed to develop a tool that reduces the 

subjective impact in maritime performance assessment. This aim entailed a 

formalisation of the assessment framework. Different scientific methods were 

necessary to employ for achieving this aim; including literature reviews, collection of 

both qualitative- and quantitative data, in addition to various analysis tools of the 

respective data.  

 

Figure 7: Overview of the PhD process. 
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The research progress is summarised in four stages, as illustrated in Figure 7 above. The 

boxes list the methods for each stage. Each stage has a different research focus, where 

the findings are forwarded over to the next stage. However, parallel work did occur even 

though the figure makes it appear streamlined. The scientific journey involved a need 

and opportunity of going back- and forth as more knowledge was acquired, although 

this figure does not capture this iterative process. 

4.1.1 Stage 1 – identification of maritime performance assessment needs 

The first stage of the doctoral research project was to conduct a literature review with 

the primary objective of identifying the performance assessment needs existing in the 

maritime domain. There were also two secondary objectives. One was to acquire an 

understanding of performance indicators in the maritime domain. Another secondary 

objective was to give the doctorate candidate a comprehensive overview of the research 

area. 

Conducting a literature review has previously been identified as a useful contributor to 

this particular purpose for PhD students (Pickering & Byrne, 2014). The same work also 

identified that PhD students get an overview of theoretical- and methodological gaps in 

their respective research field, in addition to finding relevance and justification of their 

research. These benefits were central arguments for initiating the current doctoral work 

with a literature review. 

The doctoral researcher published two articles for reporting the main objective in stage 

1: The findings from the literature review were reported in the first appended article of 

this dissertation - Ernstsen and Nazir (2018a), in which a need for maritime navigation 

assessment was identified. Then, a conceptual framework for systematising 

performance indicators in the assessment of complex sociotechnical systems was 

developed and reported in an auxiliary article - Ernstsen, Nazir, Røed and Manca (2016). 

These findings and the generated knowledge carried over to the next research stage.  
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4.1.2 Stage 2 – Development and proposal of concept 

Three different alternatives for performance assessment were considered before 

deciding which way to go. The first considered alternative was to develop a performance 

checklist using exploratory factor analysis. However, this alternative would require an 

infeasible large pool of specialised experts to tune the assessment tool properly. The 

second considered alternative, then, was to develop a fully automated assessment tool 

based on technical parameters, but this could be too rigid and cumbersome for practical 

use. Last, the preferred alternative was to develop an assessment tool based on 

theoretical and expert inputs organised in a structural probabilistic network: this was 

chosen due to its flexibility and forgiveness to a limited pool of experts. 

The concept for a structural probabilistic network, which was a Bayesian Network (BN) 

for maritime navigation was developed in Stage 2 and reported in Article 2 – Ernstsen, 

Musharraf, Mallam, Nazir and Veitch (2018). The development of the concept required 

a comprehensive understanding of navigational pilotage needs (i.e., what to assess) and 

an understanding of the tool to be used for assessment (i.e., requirements for 

developing a BN).  

Finding what to assess for pilotage operations required close collaborations with pilots 

and captains, e.g., Ernstsen, Nazir and Røed (2017) and Ernstsen & Nazir (2018b), as well 

as a comprehensive understanding of earlier literature on pilotage, e.g., Norros (2004) 

and Bruno & Lützhöft (2009). Moreover, to facilitate the learning of BN, the doctoral 

researcher was collaborating closely with a computer engineer specialised in the topic. 

4.1.3 Stage 3 – Development of the assessment tool 

As already mentioned, some parallel work occurred between the research stages. In 

stage 3, the focus was on the development of the tool itself. This focus required a 

formalisation of both the qualitative and quantitative features of the Bayesian 

assessment tool. The qualitative features comprise the theoretical understanding of the 

essential characteristics of a pilotage operation to assess. The main characteristics of 

pilotage were considered to be navigation, teamwork, berthing, getting the pilot 
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onboard, as well as external factors such as traffic, weather, hydrodynamics and time 

pressure. Considering that navigation, berthing, getting the pilot onboard and external 

factors were investigated in Stage 2 of the project, Stage 3 aimed to explore the 

teamwork requirements for pilotage further. Although teamwork has been extensively 

covered in maritime human factors, i.e., in bridge resource management (BRM), studies 

on its effectiveness have failed to return results (O’Connor, 2011). It was then 

considered feasible to analyse teamwork requirements from the perspective of generic 

teamwork research (Rafferty et al., 2010; Salas et al., 2005).  

Comprehensive interviews with pilots and captains were carried out for a top-down 

content analysis on teamwork in pilotage operations. The content analysis was based 

on a thorough review of teamwork in various complex operations, especially the work 

reported in Salas et al., (2005) and Rafferty et al., (2010) were significant inspirations for 

the content analysis. Moreover, the content analysis was an integral part of tailoring 

and adapting the teamwork literature for maritime pilotage operations. This work is 

presented in appended Article 3 – Ernstsen and Nazir (in second review). 

The development of the quantitative features involved an investigation of how the 

various qualitative variables area weighted in relation to each-others. The weights were 

calculated using the Analytical Hierarchy Process (AHP) method, which is a multi-criteria 

decision-making method. Data on weighting the qualitative variables was collected in 

close collaboration with subject-matter experts. 

Information on the qualitative and quantitative features comprise the assessment tool 

which was coined the Computer-Assisted Performance Assessment tool (CAPA-tool). 

4.1.4 Stage 4 – Investigation of the CAPA-tool’s reliability and validity 

The final stage of the PhD focused on investigating the assessment tool’s validity and 

reliability. More specifically, this stage involved carrying out experiments in which 

expert assessors would use the tool to assess maritime pilotage operations. Two 

approaches were considered during the design of the experiment. One was to run a high 

number of experiments and a low number of assessors or to design one experiment 
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scenario that would be assessed by a higher number of assessors. While there are 

strengths and weaknesses with both approaches, the latter was deemed more feasible 

and practical. 

The experiment scenario was designed, recorded, and edited before the running 

experiment. The design of the scenario made it possible to tailor it as needed. The 

standardisation of the assessment was also beneficial for the internal validity of the 

experiment. The scenario was presented in a remote assessment station prototype. The 

remote assessment station was a parallel research project. One main advantage of the 

remote assessment station was its portability, enabling the assessment of the maritime 

scenario outside of the full-mission bridge simulator environment. 

The experiments were carried out soon after all preparations were completed. 

Participants were gathered from two Scandinavian maritime education institutions. The 

data collection required some travelling; however, it was highly valued to get inputs 

from at least two maritime educational institutions. Moreover, a small pool of 

participants was initially predicted, but the collaborative spirit from all participants was 

beyond expectations, and a (relatively) decent number of participants (n = 16) was 

acquired. When the experiments were completed, all responses were calculated for the 

respective experimental conditions. The results from the experiments, alongside a 

presentation of the assessment tool itself, is reported in appended Article 4 - Ernstsen 

and Nazir (in review). 

4.2 Methods used in the doctoral research  

A collection of various scientific tools was used in this doctoral research. The next 

sections describe the tools and necessary considerations for employing the tools in 

research. 

4.2.1 Literature reviews 

A literature review aims to give the reader a comprehensive understanding of the 

available literature (or knowledge) concerning a phenomenon. It is a popular method 



Ernstsen: Reducing the subjective impact in performance assessment  
 

___ 
48   

 

that continues to increase in number throughout various disciplines (Whittemore, Chao, 

Jang, Minges, & Park, 2014). There are different approaches to conducting a literature 

review, e.g., narrative reviews, meta-analyses, and systematic literature reviews; the 

latter was used in the current research.  

The systematic literature review enabled the doctoral researcher to transparently and 

systematically define a research question, searching for relevant studies, assess its 

quality and then synthesise the findings (Armstrong, Hall, Doyle, & Waters, 2011). 

4.2.2 Interviews 

Interviews are an important and powerful tool for probing the opinions and perspectives 

of others (Myers & Newman, 2007). There are different methods to carry out an 

interview, in which the semi-structured interview technique is the most widely used in 

qualitative research (Willig, 2013). Semi-structured interviews give the researcher an 

opportunity to directing the conversation while the interviewee can speak freely about 

a particular aspect of the experience. At the same time, the researcher must be cautious 

to balance and maintaining control of the interview and where it is heading, while letting 

the interviewee have space to redefine the topic for generating novel insights for the 

researcher (Willig, 2013). This balancing is particularly important when eliciting 

information regarding expert decision making. A specific type of semi-structured 

interview for achieving this is the critical decision method (Klein, Calderwood, & 

Macgregor, 1989).  

The critical decision method (CDM) provides a structure for eliciting expert knowledge 

(Klein et al., 1989). The method involves that the interviewer using specially designed 

probes to extract information pertaining to the interviewee’s cognitive processes during 

an incident, and, more specifically, the goals, strategies, and cues used (Morrison & 

Morrison, 2018). CDM can be summarised in five steps. 1) selecting an incident to be 

analysed, 2) gather and record information about the incident, 3) construct a timeline 

of the incident, 4) identify decision points and 5) ask questions around the decision 

points. One advantage of the technique is to enable experts to discuss similar incidents, 
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although one must also acknowledge that the experts will have individual 

interpretations of the incident. 

The critical decision method technique was adapted to elicit information about 

important characteristics of pilotage operations in Stage 2 of the PhD. Moreover, to 

improve the validity of the interviews, the interviewer strived to develop a good rapport 

with the interviewees. This was done by following the PEACE technique, as suggested in 

Clarke and Milne (2001, p. 187). 

The PEACE technique is a mnemonic for planning and preparing, engage and explain, 

account, closure, and evaluation (of the interview and the interviewer’s performance). 

The “P” entails that the researcher can demonstrate a good knowledge of the topic and 

has planned how to conduct the interview, e.g., having planned a proper icebreaker to 

start building rapport. The “E” suggests that the interviewer must introduce him- or 

herself properly, explain the purpose, and ensures that the interviewee gives informed 

consent; that is, ensure that the interviewee knows his- or her rights concerning data 

protection and anonymity. The “A” is about carrying out the interview questions 

correctly, maintain the interview to relevant topics, and the use of pauses, silence, and 

body language as part of active listening and communication. “C” is regarding 

finalisation of the interview, summarises the conversation and invites the interviewee 

for final comments, as well as allowing him- or her to add, alter and correct information. 

The final “E” is that the researcher evaluates strong and weak points with carrying out 

the interview. The PEACE technique served helpful for the doctoral researcher in 

ensuring quality when conducting interviews. 

4.2.3 Experiments 

Experimentation is a method for collecting empirical evidence for cause-and-effect 

relationships by manipulating certain factors (Campbell, 1963). An experiment must 

carefully balance the amount of control and the possibility of generalising the results 

out of the laboratory. Often, higher internal validity is achieved on account of external 

validity (especially ecological), and vice versa (Brunswik, 1956; Messick, 1987).  
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This balance was essential to the experiment carried out in stage 4 of the doctoral 

project considering the difficulty of having control of all factors in the experiment. The 

purpose of the experiment was to examine the reliability and validity of the assessment 

tool and is reported in Article 4.  

4.2.4 Data analysis 

4.2.4.1 Content analysis and coding procedure 

Content analysis has become increasingly popular and has a long history of use, 

particularly in the fields of psychology, sociology, business, journalism and 

communication (Neuendorf, 2016, p. 27). There are several variations of content 

analyses; however, a typical content analysis procedure can be: theory and rational (i.e., 

what will be examined and why?), conceptualisation (i.e., which variables are you 

looking for?), operationalisation (i.e., how will you measure the variables?), coding 

schemes (i.e., how content will be coding), sampling (how data is collected), coding 

(coding the data according to the coding scheme) and finally, an estimation of interrater 

reliability (calculating the reliability figure). Neuendorf (2016, pp. 50–51) provides a 

comprehensive process for this method. Furthermore, a method of coding the data is to 

break transcribed statements down into meaningful units and condensed meaningful 

units; then the meaningful units are defined as a category (Graneheim & Lundman, 

2004).  

4.2.4.2 Interrater reliability 

Two methods different are employed in the current study for investigating this: the 

Cohen’s kappa (Cohen, 1960) and the Krippendorff’s alpha (Krippendorff, 2011b, 

2011a). 

Cohen’s kappa and Krippendorff’s alpha are two varieties of calculating the agreement 

between raters while controlling for the impact of chance agreement. Cohen’s kappa is 

reported as the most widely used reliability coefficient, whereas the Krippendorff’s 

alpha statistic is considered highly attractive, but less used due to its tedious calculations 
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(Neuendorf, 2016, pp. 150–151). Two different methods was used since the kappa 

statistic assumes nominal-level data and derive from the relationship between the 

proportion of observed agreement and proportion of agreement that can be expected 

from chance (Cohen, 1960). Krippendorff’s alpha, however, also takes into account the 

magnitude of the misses by looking at the observed disagreement and expected 

disagreement and can be used with all measurement scales (Krippendorff, 2011a).  

4.2.5 Tools used in the CAPA-tool 

This section presents the analytical hierarchical process (AHP) and the BN. The AHP was 

used to weigh the factor’s count on each of the performance indicators, whereas the BN 

was used to structure and calculate the performance score for all levels of the hierarchy 

(based on the weights deriving from the AHP). Both methods have been widely used for 

this purpose earlier, e.g., Podgórski (2015) that demonstrated an AHP-based selection 

of performance indicators and Musharraf, Smith, Khan, Veitch and MacKinnon (2016) 

that used a Bayesian example of assessing evacuation behaviour. Additionally, Millán, 

Descalço, Castillo, Oliveira and Diogo (2013) details how BNs can be used to improve 

knowledge assessment. The next sub-sections expand further on these two methods as 

they are central to the CAPA-tool. 

4.2.5.1 Analytical hierarchical process 

AHP is a tool in which paired comparisons derive ratio scales among different choices 

and criteria. This comparison method can be used to calculate a weight for respective 

assessment criteria across a multitude of experts; thus, represent an aggregated 

understanding of how criteria should be weighted.  AHP was initially developed by as a 

structured technique for analysing complex decisions (T. L. Saaty, 1988). It can be used 

to rank, prioritise, weigh, allocate resources, provide benchmarks, quality management, 

and conflict resolutions. It is difficult to represent and generate quantitative indicators 

based on qualitative data, but AHP is considered a viable method for measuring and 

quantifying subjective opinions without too much of a compromise (Manca et al., 2014; 

R. W. Saaty, 1987). 
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The AHP procedure can be broken down into segments which involves modelling the 

problem as a hierarchy with a decision goal, then establish priorities among the 

elements based on judgments, checking the consistency of judgments; finally taking a 

decision based on the numerical result (T. L. Saaty, 1990). The hierarchy should attempt 

to capture the complexity of the decision, yet nimble enough to be sensitive to changes. 

Please see Figure 8 as an overview and the three steps of AHP below. 

 

Figure 8: Criterion modelling in AHP. 

1. Computing the vector of criteria weights: The AHP starts by creating a pairwise 

comparison matrix. T. L. Saaty (1977) suggested a fundamental scale with five 

classifications set to values of 1 to 9 (1, 3, 5, 7, and 9) to be used during the 

evaluation in constructing the matrix as shown below in Table 8 below.  

2. Computing the matrix of option scores: The pairwise option evaluations are 

performed by comparing the values of the performance indicators corresponding 

to the decision criteria. Hence, this step of the AHP can be considered as a 

transformation of the indicator matrix into the score matrix.  

3. Ranking the options: Once the weight vector and the score matrix have been 

computed, the AHP obtains a vector of global scores by multiplying the weight 

vector and score matrix. As the final step, the option ranking is accomplished by 

ordering the global scores in decreasing order. 
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Table 8: List of weights criteria. 

Value Definition Explanation 

1 Equally importance Identical contribution 

3 Weak importance Slightly superior judgment 

5 Strong importance Strongly judgment in favour 

7 Very strong importance Recognized dominance 

9 Absolute importance Confirmed dominance 

2,4,6,8 Intermediate values When compromise is needed 

   

4.2.5.2 Bayesian network 

BN is a probabilistic model that represents an interaction of random variables through 

a directed acyclic graph and conditional probability tables (Pearl, 2014). The 

relationships between the performance indicators are represented as a combination of 

nodes, and the relationship between the nodes are represented as arcs. A BN consists 

of a qualitative and quantitative component. The graphical representation of the 

network is the qualitative composition. 

The qualitative composition of a BN can be developed through theoretical input, task 

analyses or other forms of meaningful input. It graphically represents the operation 

where one node can be attributed to a significant element in the operation, for instance 

a main task. Its parent and child task can thus represent the task’s function or other 

subtasks. The qualitative aspects of the Bayesian network are subjective and is prone to 

limitations associated with subjective research methods, e.g., observation bias, 

expectancy bias and selection bias. The graphical representation, however, also requires 

a quantitative probability distribution. 

The quantitative distribution focuses on the variables’ associated probabilities. In the 

network, two types of probabilities must be quantified: prior probabilities of the 

independent variables (i.e., root nodes, empirical indicators, initial criteria) and the 

conditional probabilities of the dependent variables. This probability specifies the 

probability of each child nodes (dependent variable) for every state of its parent (directly 

dependable variable).  
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Information about these variables allows us to calculate the probabilities of the 

network’s child nodes. If there are n variables C1, C2,…, Cn in the network and Pa(Xi) is 

the set of parents of each Ci, we can calculate the joint probability for the entire network 

using eq. 1, in which the discrete conditional probability of Ci  given its parents is P(Ci 

|Pa(Ci)). 

 
𝑃(𝛸$, 𝛸& …		 , 𝛸)) = 	,𝑃(𝛸-|𝑃𝑎(𝛸-))

)

-0$

 
 

(1) 

The quantitative part can be subjective and objective (e.g., based on statistics or 

weighted using multi-criteria decision-making tools, such as AHP). This combination of 

a qualitative construction and a quantitative and objective feature of the method makes 

it a versatile tool for assessment purposes. Please see Figure 9a and 9b below for a 

simple conditional probability table (a) and structure (b).  

 

 

 

 

Figure 9a and 9b: a) A simple conditional probability table for a performance indicator. In this instance, the 
empirical indicator 1 is active and 2 is not. b) A simple representation of a Bayesian assessment hierarchy. Empirical 
indicators are observable variables, whereas the performance indicators are higher-order non-observable 
indicators. More levels to the hierarchy can be found in complex representations.  

Bayesian models are commonly used to model various assessment processes, e.g., 

Millán et al., (2013) and Musharraf, Hassan, Khan, Veitch, MacKinnon and Imtiaz (2013). 

There are many advantages of using the method of modelling. It is suitable for small and 

incomplete data sets. It is also viable for continuous development by improving its 

reliability, resolution and uncertainty (i.e., its brier score) by continuously updating the 

probabilities as more data becomes available over time. 

Yes No
EI1 1 0
EI2 0 1
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4.3 Procedures 

4.3.1 Article 1 - procedure 

4.3.1.1 Research statement, database search, and exclusion criteria 

The research statement for Article 1 was “the use and development of performance 

indicators in the maritime industry”. The statement was broken down into four concepts 

to be used as keywords when searching the literature. The four concepts were 

“Performance indicators”, “Maritime”, “Framework”, and “Method”. Different 

keywords relating to the concepts were identified and added to the Boolean search 

string: 

(“Performance indicators” OR “key performance indicators”) AND (maritime OR marine) 

AND (framework OR measure OR reference model) AND (method OR methodology) AND 

shipping). 

The string returned 537 (after removing 193 duplicates) distinctive papers from Scopus, 

ScienceDirect, and JSTOR. A formalised exclusion process was developed for 

systematising the review. The first exclusion criterium was to investigate whether the 

respective papers were addressing the maritime domain. It was necessary as the 

majority of papers triggered by the key-string concerned ecological- and marine 

biological studies; not directly tied to the shipping industry. This process was carried out 

by investigating the papers’ abstracts. Following the first criterium, 128 papers were 

selected for further study. 

Next, the study also disregarded conceptual papers where the arguments were 

inadequately supported theoretically- or methodologically. This process required that 

the researcher had to sift through all of the papers. In parallel, criterium 3 was also 

considered: whether the performance assessment covered in the respective papers 

associated at the operational or tactical level of analysis. This criterium was necessary 

for excluding papers interested in organisational performance assessment, such as the 
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ShippingKPI index (Sleire & Dale, 2009). Sixty-two papers remained after the entire 

exclusion process. 

4.3.1.2 Analysis 

The remaining papers were then cross-referenced in two dimensions: 1) their approach 

used for the development of the assessment (e.g., a top-down approach) and 2) which 

shipping domain the paper was related to (e.g., ship-handling). The analysis consisted of 

univariate- and bivariate analyses. The univariate analysis was performed to determine 

the distribution of the data. The bivariate analysis was a cross-tabulation of the two 

dimensions. Then, the assessment approaches were scored (based on expert reviews), 

and their relative score (for normalising the data) were calculated and compared among 

the four domains. 

4.3.2 Article 2 - procedure 

Article 2 was a concept paper and thus, no methodological procedure to present here. 

However, it is worth mentioning that a central element in the development of the paper 

was learning how a BN for assessing complex operational performance could be used. 

This process entailed applying a BN to generic complex navigation. Also, an auxiliary 

paper to this dissertation used a similar approach to investigate challenges on the bridge 

during pilotage navigation (Ernstsen, Musharraf, & Nazir, 2018).  

This learning was an important foundation for the development of the conceptual 

assessment tool. The development required close collaboration with computer 

engineers possessing an expertise in BN. The joint papers summarise the ideas 

generated during this work. 

4.3.3 Article 3 - procedure 

Ten interviews were conducted. The participants were recruited to represent both pilots 

and captains equally. They were recruited through networking and the “snowball 

method”, in which the participants themselves could suggest colleagues for subsequent 

interview recruitment. The mean age of the participants was 47 years (SD = 8.9), and 
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their mean years of sailing was 19.3 years (SD = 14.4). Their sailing experience was 

dispersed among oil ships, cargo ships, and cruise ships. All ships had sailing connections 

to Scandinavian ports, and the participant had frequent encounters with sailing in these 

waters. 

The interviews were carried out using the critical decision-making approach, adapted 

from Klein et al., (1989). Moreover, all interviews were conducted by following the 

PEACE technique (i.e., Preparing, Explaining, Accounting, Closing and Evaluating the 

interviews), as suggested in Clarke and Milne (2001, p. 187). 

The interviews were semi-structured with a focus of being conversational and non-

confrontational, in addition to using probes for gathering data. This method had two 

benefits in this study. One, it enabled the interviewer to ensure that the required data 

was collected by expanding on the central topics that the interviewee put on the table. 

Two, the interview method allowed the researcher to gather data exploratively, 

compared to other more structured approaches to interviews (Willig, 2013). 

All interviews lasted 1 hour and 4 minutes on average. The most extended interview was 

1 hour and 34 minutes and the shortest only 52 minutes (see Table 9 below for individual 

interview data). The data was audio recorded and securely stored with permission from 

the National Centre for Research Data (project number: 51322) and with interviewee’s 

informed consent. Furthermore, the interviews were mostly collected in-person, two 

were conducted using FaceTime® (an alternative video telephone service to Skype™). 

While in-person interviews usually give more abundant data, video-telephone 

interviews are considered a viable compromise when time- and geographical constraints 

make in-person interviews impractical (Rowley, 2012). Finally, all data were transcribed 

– first verbatim, then pragmatic as the data collection was becoming saturated – and 

then organised, translated and prepared for subsequent analyses.  
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Table 9: Participant role and interview length. 

ID Role Interview length 

1 Pilot 1 hour and 34 minutes 

2 Captain 52 minutes 

3 Pilot 57 minutes 

4 Captain 1 hour and 7 minutes 

5 Pilot 1 hour and 13 minutes 

6 Captain 53 minutes 

7 Pilot 1 hour and 11 minutes 

8 Captain 54 minutes 

9 Pilot 1 hour and 6 minutes 

10 Captain 56 minutes 

   

4.3.3.1 Data analysis 

The data analysis consisted of a qualitative and a subsequent quantitative part based on 

the finding from the analysis of the qualitative interview data. The qualitative approach 

was a content analysis and the quantitative consisted of inferential statistics. 

The interview data were analysed using a deductive content analysis approach. The 

deductive element entails that the interview data is analysed following a theoretical 

framework, as opposed to the bottom-up approach, which grounds the analysis in the 

data. The content analysis consisted of the steps following the renown Neuendorf 

(2016). The steps that were following in this study are 1) research question, 2) 

conceptualisation, 3) operationalisation, 4) coding procedures, 5) data sampling, 6) 

coding, and 7) interrater reliability. Please see Table 10 for an overview of the procedure 

and measures that were taken for each of the steps. 
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Table 10: The content analysis procedure and actions taken for each procedure. 

Step Procedure Action 

1 Aim of study To examine the core teamwork factors in the case of a maritime pilotage operations. 

2 Conceptualisation of 
teamwork 

The core factors representing teamwork in the current study are based on the conceptualisations 
deriving from the literature reviewed in Rafferty, Stanton & Walker (2010). 

3 Operationalisation Four variables are operationalised as eleven subfactors (see Section 3.2). 

4 Coding scheme The coding procedure followed Graneheim & Lundman’s (2004) process in which each 
statement was broken down into a condensed meaning unit, then a condensed interpretation 
before assigning a code that best fitted that particular statement. 

5 Data sampling A census of the content was possible: all statements transcribed from the interviews are 
included in the analysis. 

6 Coding and interrater 
reliability 

The interrater reliability process followed the guidelines proposed in Kottner, et al., (2011) and 
Lombard, Snyder-Duch, & Bracken (2002). One coder conducted 100 % (n = 210) of the 
analysis and two independent reliability coders shared the coding of 24 % (n=50) of the 
statements to assess the interrater reliability. 

7 Final reliability The interrater reliability agreement was calculated using Cohen’s Kappa (Cohen, 1960) in IBM 
SPSS version 25.0. 
 

   

A critical step in the content analysis is the coding procedure; that is, the way 

information is generated from the interview data. The coding procedure in the current 

content analysis followed Graneheim and Lundman (2004), in which each interview 

statement was broken down into condensed meaning units, condensed interpretations, 

and then into a code that were considered to fit accordingly. Please see Table 11 below 

for an example of the coding procedure: 

Table 11: Example of coding procedure. 

Statement Condensed 
meaning unit 

Condensed 
interpretation 

Category Sub-category 

“Ideally, I ask questions to the 
captain regarding data on the ship, 
like what type of rudder etc. “ 

Pilot ask bridge 
about ship specs 

Pilot ask for 
information about ship 
specifications 

Communication Information 
exchange 

     

Finally, the interrater reliability (agreement) was calculated using Cohen’s Kappa (κ). It 

was derived by using eq. 2, where PAO is the observed per cent agreement and PAE is 

expected (by chance) per cent agreement (Cohen, 1960). Cohen’s kappa is reported as 

the most widely used reliability statistic (Neuendorf, 2016, p. 150). It ranges from 0.0 

(agreement at chance level) to 1.0 (perfect agreement). 

 𝑃𝐴2 − 𝑃𝐴4
1 − 𝑃𝐴4

 (2) 
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4.3.4 Article 4 - procedure 

4.3.4.1 Data collection 

Expert navigators (n = 16) from different maritime academy institutions in Scandinavia 

were recruited for the experiment. Sailing, simulator and assessment experience were 

the criteria for participating in the experiment. These criteria were necessary for 

ensuring that the participants possessed the prerequisite expertise. All participants 

were placed pseudo-randomised in either the experiment condition or the control 

condition. This placement procedure was to make sure that both conditions were 

equally represented. However, it was random which particular participant that was 

placed in the separate conditions. The pseudo-randomisation was necessary due to the 

specialised and limited pool of participants. All participants received and signed an 

informed consent form explaining the purpose of the study and their rights as 

participants concerning data protection and handling. The National Centre for Research 

Data (project number: 181630) approved the collection and storage of relevant research 

data. 

There were two experimental conditions: the control group and the experiment group. 

The control group was using a conventional questionnaire for assessing the navigation 

scenario, adapted from a professional assessment course. The participants in this group 

were asked to derive a performance score from 0-100 for the pilot-bridge team’s 

teamwork performance, technical performance and one for their overall performance. 

The experiment group was using the formalised assessment tool developed in this 

current doctorate research. The participants in this condition were not asked to derive 

a performance score as this is calculated directly by the CAPA-tool based on the 

assessor’s input. 

The K-SIM™ simulator was used to record a maritime pilotage scenario and to prepare 

the experiment. It is a full-scale maritime navigation simulator consisting of six 

widescreen monitors that imitate the view of the bridge, including realistic instruments 

and panels (the hardware) in a 1:1 aspect ratio. This full-mission bridge is designed to 
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preserve a realistic and immersive representation of navigating on a ship’s bridge. All 

necessary tools were available for the participants, such as the rudder-, throttle-, 

thruster controls. 

Then, the recorded exercise was exported and integrated into a remote assessment 

station. The assessment station was designed to enable assessment of the navigation 

scenario external to the proprietary simulator software. This modification was necessary 

to ensure portability and standardisation of the assessment environment, thus making 

it convenient for multiple raters to assess the scenario. The assessment station was 

created in close collaboration with expert simulator assessors (who subsequently was 

not part of the experiment in consideration of internal validity, such as systematic 

errors). Please see Figure 10 below for the setup of the video screens. 

The experiment began with briefing the participant (the same procedure for both of the 

groups). They were allowed to ask questions for further clarifications of expectations 

concerning their assessment tool and the overall purpose of the assessment. They were 

shortly after given the informed-consent form with essential elements about their data 

and anonymity considerations. 

  

Figure 10: Setup of the video screens (Integrated from Article 4). 

The participant began the exercise using their respective assessment tools shortly after 

the briefing. The assessment scenario lasted for 1 hour, 27 minutes and 25 seconds. Due 

to the length, the participants were given freedom regarding coffee- and bathroom 

breaks. Upon completion, all participants received a debrief where they were allowed 

to discuss their experiences of assessing the scenario. At this point, all relevant data for 
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this experiment was collected so it was considered to be unproblematic for the internal 

validity to conduct this debrief. Please see Figure 11 below for an outline of the 

experiment process. 

 

Figure 11: Outline of experiment process (integrated from Article 4).  

4.3.4.2 Data analysis 

Three different statistical analyses were conducted for information concerning the 

reliability and validity of the assessment tool: Krippendorff’s nominal alpha, coefficient 

of variation (CV), and a one-sample t-test. 

Krippendorff’s nominal alpha computes the interrater reliability among the raters’ 

responses to the assessment tool. It was calculated using an online calculation tool – the 

ReCal tool (Freelon, 2011). The alpha was calculated using eq. 3, where DO is the 

observed disagreement, and DE is the expected disagreement. 

 1 −	
𝐷2
𝐷4

  

(3) 

The tool’s absolute reliability was investigated by comparing the variation between the 

experimental conditions for the three dimensions: technical score, teamwork score and 

total score. Absolute reliability pertains the degree to which repeated measurements 

vary, whereas relative reliability pertains the degree an individual maintains his or her 

position over repeated measurements (Safrit & Wood, 1989, pp. 45–72). The variation 

was standardised as a coefficient and can be interpreted as the dispersion among raters; 
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a lower percentage score is associated with less dispersion between individuals. It 

should be clarified that the conventionally employed intraclass-reliability coefficient 

(ICC) was improper for this particular dataset as it is a function of both the within- and 

between rater variations (Atkinson & Nevill, 1998). 

The work in Article 4, however, was also centred around examining and collecting 

evidence of construct validity. Ideally, this evidence is accumulated from numerous 

studies on the measuring instrument. In Article 4, this was investigated by correlating 

the performance scores to a gold standard that was designed to represent a “true” 

performance of the trainees. Although, ideally, a comprehensive study to collect data 

for a factor analysis would have been conducted, though this would be infeasible 

considering the specialised sample required to run this study. 

One-sample T-Test. This is a statistical procedure for determining if a sample of 

observations could have been generated by a process of a specific mean. It was carried 

out to investigate if the average assessment score could statistically be connected to a 

golden assessment standard. The test, thus, analysed if the data was statistically 

different from the gold standard. Moreover, the small sample size and failure to meet 

normality suggests careful interpretations of the t-value; therefore, it comprise an 

elevated risk of committing a type 2-error (De Winter, 2013). 
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5 Results 
The results reported in the four appended articles are presented in this chapter. The 

main findings in relation to the four stages are summarised in Figure 12 below. Article 1 

reports a literature review in which assessments needs in the maritime domain are 

identified. This finding initiated the development of a conceptual assessment 

framework, which was reported in Article 2. The learning from the conceptual stage is 

forwarded to the development of the tool itself. Further research that was required, was 

to understand the teamwork needs in pilotage operations. Article 3 reports this scientific 

examination, where the sub-factors of communication, coordination, cooperation, and 

shared mental models were found to be invaluable aspects of pilotage operations. The 

information collected in stages 1-3 was then used to develop a computer-aided 

performance assessment tool (the CAPA-tool) for training in full-scale simulators. Article 

4 reports the experiment where it was found good absolute reliability in the assessment 

of technical competencies, although the reliability for assessing teamwork was lacking. 

The important findings are detailed in the remaining parts of this chapter.  

 

Figure 12: Overview of the PhD process with additions of the findings.  
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5.1 Article 1 – findings 

The literature review investigated the maritime domain’s use of performance 

assessment methods. It was found using a bivariate analysis that ship handling (defined 

in the article as manoeuvring and navigating the ship) returned the lowest relative score 

concerning the development of assessment methods. The highest scores were 

connected to research on safety and environment, whereas logistics research returned 

a mediocre score relative to the three other domains. Please see Table 12 below for a 

summary of the findings. 

Table 12: Bivariate analysis of assessment approach and maritime domain. 

Approach Weight (w) Port logistics Ship handling Safety Environmental 

Bottom-up 1.0 4 3 0 2 

Top-down 1.0 8 4 2 7 

Hybrid 1.5 10.5 0 6 3 

Inadequate -0.5 -5 -3 -1 -0.5 

Score  17.5 4 7 11.5 

Maximum score  43.5 19.5 12 18 

Relative score  0.40 0.21 0.58 0.64 

      

In the table above, the two dimensions are cross-referenced: maritime domain and the 

approaches used for developing assessment methods. The number of papers using the 

various approaches (i.e., bottom-up, top-down, hybrid, inadequate) were associated 

with the four domains (i.e., port logistics, ship handling, safety, environment). 

Moreover, a relative score was calculated to correct for the number of papers returned 

in the literature review for the respective domains. This normalisation enabled the 

researchers to compare the results more easily. While it was meaningless to draw 

conclusions based on the maximum score, the relative score can at least suggest which 

of these four domains that call for attention concerning the development of assessment 

tools. 

The finding that the ship handling domain could benefit from performance assessment 

initiated the development of a performance assessment tool. This inspiration was a key 

component when moving the project into Stage 2 – development of a conceptual 

assessment tool. 
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5.2 Article 2 – findings 

The concept published in Article 2 was central in the development of the assessment 

tool. It was a result of strenuous research concerning theoretical and technological 

demands associated with the assessment of maritime navigation. While several 

approaches were considered, certain design requirements were identified in light of the 

theoretical framework and delimitations presented in chapters 2 and 3. Some of the 

considerations will be provided here. 

As previously discussed, two critical elements for the assessment tool were to reduce 

the subjective impact of assessment and to maintain flexibility. Reducing the subjective 

impact implied a need for pre-articulated and pre-weighted criteria based on inter-

subjective enquires. This formulation of criteria enables assessors to make judgments 

without having to self-determine how the various elements should be weighted. This 

judgment call is further transferred to a computerised calculation that is not (directly) 

prone to human bias.  

However, achieving this while maintaining assessment flexibility insinuated that the 

human assessor must be involved. Thus, the human operator is maintained as a sensor, 

assessing the performance without determining each factor's weight on the overall 

performance score. This arrangement makes it possible to use the assessment tool 

across different types of operations. An assessment tool based on the BN and weighted 

using AHP could therefore maintain flexibility while enabling the human assessor the 

opportunity to provide observational input, like a human sensor. Another key element 

was the potential of giving diagnostic feedback to the trainees. The standardised 

assessment tool returns data concerning all variables in the different scenarios. This 

feedback enables the trainee to evaluate his or her performance and to make 

subsequent adjustments to further improve his or her competency. 

The concept was integral to development of the CAPA-tool. 
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5.3 Article 3 – findings 

Earlier investigations revealed that numerous publications were already related to tasks 

involved in pilotage operations; thus, Stage 3 concentrated on exploring teamwork in 

piloting operations. Four core teamwork factors and eleven subfactors were examined 

in this stage. The results from the interrater reliability study will also be presented, as 

well as frequency statistics on the number of statements per subfactor. 

5.3.1 Interrater reliability and frequency statistics  

The proportion of joint judgments in which there is agreement was moderate (k = .706) 

after chance was excluded (McHugh, 2012). The interrater reliability was, however, 

considered acceptable due to the operational complexity described above. For the 

analysis, 50 statements (25.4 % of n = 197 statements in total) were randomly sampled 

and divided between two raters (60/40 % split).  

This analysis following the size suggestion of Lombard, Snyder-Duch and Bracken (2002) 

stating that the reliability sample should either contain a minimum 50 statements or 10 

% of the full sample. The reliability coders were independent researchers with relevant 

expertise, and they were also trained for 30 minutes before starting the reliability 

assessment. A second expert (a co-author not involved in the coding procedure) 

functioned as the tiebreaker for the 13 statements where the interraters disagreed. 

Furthermore, all core teamwork factors (communication, coordination, shared mental 

models and cooperation) were recognised in the interview material. However, the 

content analysis also revealed anomalies about the subfactors when applied to the case 

of maritime pilotage. This deviation from the standard literature was particular for 

adaptability, in addition to three of the four subfactors of shared mental models.  

These findings can also be echoed in the bar graph below that depicts the number of 

statements coded to each of the subfactors (Figure 13). In this graph, adaptability, 

equipment, interaction and team-knowledge are all less covered than the other 

subfactors. 
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Figure 13: Bar graph showing the number of statements that were coded for each of the subfactors. 

5.3.2 Communication – key findings 

Effective information sharing was found to be an indispensable part of pilotage. 

Particularly critical moments of information sharing were related to the initial stages of 

the operation, in which the pilot first enters the bridge. The pilot and the captain must 

in this early phase exchange information about the ship’s technicalities; such as its draft, 

any malfunctions and similar information. They must also share information about the 

surroundings; for example, information about any peculiar traffic conditions or hidden 

skerries that the bridge team must know. 

It was also pointed out that an active exchange of information during navigation is also 

vital to the operation. This activity includes giving commands for speed and course, 

information about the port (e.g., berth positions, which cranes the ship needs to connect 

to). It also includes information exchange with external agents, such as vessel traffic 

services, surrounding ships, tugboats, mooring crew and other pilots (often referred to 

as colleagues, but also friends). 

When discussing how information should be shared – the phraseology – it was repeated 

that it was more important that information was shared, than how it was shared. In fact, 

some participants pointed out that they were using their private cell phones to connect 

to external agents, although mostly with other pilot colleagues, for more information 

0

10

20

30

40

50

60

Information
exchange

Phraseology Backup
behaviour

Mutual
performance
monitoring

Adaptability Team
orientation

Mutual trust Equipment Job Interaction Team-knowledge

Nu
m

be
r o

f s
ta

te
m

en
ts

Subfactors



Ernstsen: Reducing the subjective impact in performance assessment 
 

  

___ 
69 

 

on the operation. A similar philosophy of deviating from protocol was mentioned in 

relation to the use of pilot cards. It was emphasised that the circumstances would 

dictate whether the pilot should review the pilot cards. If the need for navigational aid 

was immediate, the pilot would ask to instead receive the pilot cards at a later point in 

time, when the situation would be more predictable. Please see Table 13 below for 

example statements. 

Furthermore, it was mentioned that this decision could result in a dichotomy, and even 

a goal conflict, between the captain and the pilot, i.e., one of the agents wanted to focus 

on the operation and the other wanted to follow protocol and assess the pilot cards. In 

light of this discussion, it was apparent that the attitudinal component (cooperation) of 

teamwork in the pilot-bridge team was imperative for effective exchange of information 

regardless of the specific phraseology. 

Table 13: Example statements coded as communication. 

Interview Statement Subfactor 

Pilot “When the pilot is boarded, he will notify the VTS (i.e., vessel traffic services) about 
his arrival and his route intentions and also asks for information about surrounding 
traffic.” 

Information exchange 

Captain “When the pilot enters the bridge, there will be an information exchange between 
me and the pilot. He usually asks for maximum drafts and stuff like that.” 

Information exchange 

Pilot “When the situation is under control after boarding, I get vessel information 
communicated both orally and through pilot cards.” 

Phraseology 

Captain “We use closed-loop communication with the pilot during navigation to make sure 
that the commands are understood.” 

Phraseology 

5.3.3 Cooperation – key findings 

Team orientation and mutual trust were extensively discussed, 34 and 22 statements 

respectively. Both the captains and pilots emphasised the need to facilitate team 

orientation in the early stages of the pilotage operation. The interviewees discussed 

elements such as conversational ice breakers, serving coffee or lunch to the pilot, as well 

as greeting the pilot properly, as crucial for the development of team orientation. These 

elements were considered important for building rapport between the key agents in the 

bridge team. 
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Furthermore, strategising and planning were also considered to be essential 

characteristics of team orientation. The pilot and the captain must plan the operation 

early, which encompasses that they determine and decide which route to take and 

distribute responsibilities among key members of the team (especially for critical phases 

of the operation). The distribution of responsibility could, for instance, be to decide who 

will be steering the ship during berth. The interviewees articulated that it was essential 

that these issues were clarified. 

In similar terms, mutual trust was considered important. The participants stated that 

the pilot-bridge team must strive to have a positive team chemistry on the bridge. It 

involves that the team-members trust that the other team-members do what they 

consider is the best for the team. A critical feature of having proper mutual trust on the 

bridge was the issue of information sharing; that is, proper trust inclined the members 

to also share nice-to-know information, as opposed to strictly sharing need-to-know 

information. Please see Table 14 below for example statements. 

Table 14: Example statements coded as cooperation. 

Interview Statement Subfactor 

Pilot “If there is a positive bridge culture, I will strive to ensure that the helmsman or 
captain have understood my advice.” 

Team orientation 

Captain “I (the captain) like to plan with the pilot who's doing what, who's sailing this and 
this leg and who's berthing.” 

Team orientation 

Pilot “An important role for the pilot is to generate trust and good chemistry in the 
group.” 

Mutual trust 

Captain “It's very important that the crew and I all accepts and welcomes operational 
feedback, it’s very easy to miss small, but important navigational considerations.” 

Mutual trust 

5.3.4 Coordination – key findings 

The team’s ability to act in concert without the need of explicit communication is 

referred to as coordination (MacMillan et al., 2004). Three critical elements to this is 

backup behaviour, mutual performance monitoring and adaptability. 

Backup behaviour was found essential in pilotage operations, particularly in dynamic 

situations where the demand would rapidly shift from low to high. Backup behaviour 

involves the team’s ability to recognise a problem in the workload distribution, but also 

being able to shift the work responsibilities accordingly. This entails that a captain “must 
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be ready to engage if necessary”, as stated by one of the captains. A relevant example 

could be that a sudden and heavy fog surrounds the ship when sailing. This fog could be 

overwhelming for the pilot’s workload in maintaining an overview of the situation; thus, 

the captain should then assist the pilot by, e.g., taking watch over the radar. 

Furthermore, backup behaviour was also found to be important for agents external to 

the pilot-bridge team. The interviewee said, for instance, that tugs function as invaluable 

support during berthing operations and that they could be used for backup assistance if 

the thrusters were unreliable: “If we have tugs, they can work as a backup in case the 

thrusters do not help” – interview with a pilot. In sum, backup behaviour was considered 

an essential subfactor of coordination on the ship’s bridge during pilotage and 20 

statements was derived from the analysis.  

Another aspect discussed was mutual performance monitoring, including the need to 

provide feedback to each other’s performance. The feedback aims to improve the 

efficiency and safety of the operation if an agent sees improper performance by a team 

member. Furthermore, it was stressed that the person giving feedback should deliver 

the message in a manner that complements the member’s feedback schemata. The 

following quote from one of the captains emphasises this issue: "It is important to 

observe each other’s actions and nicely provide feedback if someone does a mistake or 

something". As insinuated, exact knowledge of how feedback should be delivered is 

difficult to conceptualise due to differences in culture, language, and individual 

differences. 

It was also found to be imperative that lower-ranking officers know they can give 

feedback – even challenge – the commands of senior officers. One situation that was 

accentuated in connection to this was the issue of tunnel vision: i.e., the loss of 

peripheral vision due to, for instance, high workload. A low-ranking officer could help 

the pilot to consider an incoming ship that might have not been recognised when the 

pilot initially gave a command. This flexibility is important for the team coordination. 

However, it was also acknowledged that this was influenced by cultural differences. 
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Lastly, the concept of adaptation was discussed by the interviewees, but only to a lesser 

extent. It received 6 statements, in which most was referring to the significance of being 

vigilant during the operation. For instance, a captain stated that: “the pilot rarely tells us 

that he needs help, so we (the crew) must be cautious and see if the environment 

changes and that something must be done”. Nonetheless, considering that adaptability 

was not comprehensively addressed in the interviews, is an important discussion as well. 

An essential element of adaptation is the team's ability to conjointly adapt to changes 

in the environment (Salas et al., 2005). There was less emphasis in the interviews on the 

team’s role in adapting to the environment, and more attention to the individual’s 

responsibility, e.g., a pilot stated that: “when I (the pilot) board the vessel, I start 

assessing how I should approach the crew and the situation”.  

While team research generally suggest that teams must conjointly adjust their strategies 

based on environmental cues, teams in complex pilotage operations normally get less 

time to learn each other's way of working and could perhaps be considered as a swift 

starting action team (McKinney Jr et al., 2004).  

This characteristic of piloting teams suggests that it would be troubling to expect that 

these teams can conjointly adapt to key changes in the operation. It could also 

contribute to explain why adaptation received fewer statements in the content analysis. 

Please see Table 15 below for example statements. 

Table 15: Example statements coded as coordination. 

Interview Statement Subfactor 

Pilot “It may be that I call colleagues on the phone to discuss operational challenges, 
perhaps have they been there before. Maybe they know something more about the 
weather, fog, the specific vessel, or any potential rules and regulation to know of.” 

Backup behaviour 

Captain “We (the crew) must be ready to take initiative and help him (the pilot) if he needs 
extra hands.” 

Backup behaviour 

Pilot “I like to monitor the helm's actions to ensure that he does what I say. If I say 
starboard 10 then it's not portside.” 

Mutual performance 
monitoring 

Captain “Another task for captain is to observe and monitor the situation. I need to be able 
to help out the situation in a second's notice.” 

Mutual performance 
monitoring 
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5.3.5 Shared mental models – key findings 

It was found to be generally problematic for the pilot-bridge team to rely on having 

shared mental models. The interviewees expressed themselves scarcely concerning this 

issue for three of the four subfactors: 1) shared model of how to use the tools and 

equipment, two statements, 2) how to best communicate within the team, eight 

statements, and 3) having a shared understanding of each other’s competencies, seven 

statements. Conversely, the shared knowledge of how a task should be carried out was 

well accentuated in the material (seventeen statements). 

Shared mental models are considered central for effective coordination (Converse et al., 

1993). To have established a set of cognitive models of how to collaborate, often 

support coordinative behaviour, such as adaptability. These schemata enable the 

operators to conjointly expect and adapt to future actions (Converse et al., 1993). 

However, the development of such schemata takes time and is consequently often 

absent in swift starting action teams, which are composed of trained professionals with 

no prior knowledge of others on the team (McKinney Jr et al., 2004). 

Thus, teams in pilotage operations cannot expect that team members have certain 

shared mental models in the same manner that other tactical teams can, particularly 

teams that have been training together for an extended period, such as a military squad. 

However, a specific aspect of shared mental models was frequently discussed by the 

interviewees: the concept of having shared models for how to carry out their tasks. This 

finding implies that the seafarers could rely on having a shared model for how essential 

tasks are carried out. Perhaps the STCW requirements, which standardises the training 

and education of seafarers, might be contributing to seafarers having established a 

shared mental model for task execution. Seafarers do receives similar training through 

various standardised education programs around the globe (Sampson, 2004). This 

training regime can perhaps explain why they can mutually rely on each-others task 

execution, while not sharing mental models for how relationships and communication 

should develop. Please see Table 16 below for example statements. 
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Table 16: Example statements coded as shared mental models. 

Interview Statement Subfactor 

Pilot “We (the pilots) want to clarify roles early, such as who has the handles during 
berthing. Either I do it or the captain does it.”  

Shared mental model: job 

Captain “A challenge with pilotage is that a new person will enter the bridge team and must 
collaborate well fast and effectively. But this can be difficult when you don’t know 
each other's way of performing the tasks.” 

Shared mental model: job 

   

In sum, the following seven subfactors of teamwork was, based on this analysis, 

integrated to the CAPA-tool: 1) information exchange, 2) phraseology, 3) backup 

behaviour, 4) mutual performance monitoring, 5) team orientation, 6) mutual trust and 

7) the shared job mental model. 

5.4 Article 4 – findings 

The CAPA-tool is reported in Article 4 in this doctoral research. Then, the tool’s validity 

and reliability were examined. The current section presents the tool and then the 

findings from the doctoral study examining its validity and reliability. 

5.4.1 The computer assisted performance assessment tool (CAPA-tool) 

The computer assisted performance assessment tool, coined CAPA-tool in this research, 

is presented with respect to its qualitative and quantitative features. The qualitative 

features correspond to the theoretical underpinnings supporting both the empirical and 

performance indicators that were used to structure the assessment hierarchy. This 

hierarchy also includes the connections between the performance indicators. The 

quantitative features, then, refer to the weight of the factors, illustrated by the arcs (i.e., 

the arrows). The strength can be defined by statistics, probabilities, and expert ratings 

through tools such as the AHP. 

5.4.1.1 Qualitative features of the CAPA-tool 

The CAPA-tool consists of two main dimensions (technical and teamwork) and two 

auxiliary dimensions (boarding the pilot and berthing the vessel). The instrument also 

has an external dimension with the purpose of correcting the performance score based 
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on the external complexities of the operation. In total, five dimensions constitutes the 

qualitative features of the tool. 

The required technical competency has a long history and is widely covered with regards 

to performance assessment. Protracted work has previously been carried out 

concerning the identification of empirical indicators that address seafarer’s technical 

competencies; for instance, in professional assessment protocols used in full-scale 

simulator assessment and dedicated research on pilotage operations. In the current 

doctoral research, it was considered necessary to respect the protracted work employed 

over the years. For achieving this, three approaches were used: workshops and task 

decomposition with subject-matter-experts, adaptations of existing tools for assessing 

technical competencies (e.g., the already mentioned assessment protocols), and lastly, 

research on competency requirements in pilotage operation, e.g., Norros (2004). The 

technical indicators, then, comprise information from all the three sources. In Table 17 

below, three examples of technical performance indicators and their respective 

empirical indicators (i.e., the questions presented for the assessors) are given. 

Table 17: Three examples of technical performance indicators and one example of their respective empirical indicators. 

Performance indicator Description of performance indicator Example of empirical indicator 

Ship-handling Concerns the seafarer’s handling of the ship.
  

Has the bridge team mostly used speed 
correctly? 

Ship position overview Encompasses the seafarer’s overview of the ship’s 
relative and absolute position. 

Is proper lookout ensured? 
 

Route planning Involves the establishment of a sailing plan for the 
remaining voyage. 

Is the pilot advice properly accounted 
for? 

Ship-handling Check the use of various mechanisms for ship 
transversing the water, like propulsion and rudder. 

Can you observe the correct use of the 
throttle for the most part of the 
operation? 

   

The factors in the CAPA-tool representing the teamwork competencies in pilotage 

operations are underpinned by extensive research on generic and maritime teamwork 

requirements. The four core teamwork factors and their conceptualisations were 

applied to the case of pilotage operation in Article 3. Based on the findings in this article, 

the teamwork performance indicators for the CAPA-tool were defined and 

operationalised as empirical indicators that the assessors would use for evaluating the 

teamwork competency of the pilot-bridge team (See Table 18 for three examples). 
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Table 18: Three examples of teamwork performance indicators and one of their respective empirical indicators. 

Performance indicator Description of performance indicator Example of empirical indicator 

Information exchange Refers to what information is delivered between 
the sender and receiver. 

Is the correct information shared in a timely 
matter? 

Phraseology  Refers to how the information is delivered 
between sender and receiver. 

Is the proper terminology used? 

Mutual performance 
monitoring  
 

The ability to develop common understandings of 
the team environment and apply appropriate task 
strategies to monitor teammate performance.  

Is the team clear about their 
responsibilities?  

   

The auxiliary dimensions are also essential aspects of the operation. Boarding the pilot 

safely and efficiently requires careful planning and execution to ensure that the pilot is 

safely installed on the bridge. Also, berthing the vessel pertains the process of getting 

the ship safely alongside the port. In this process, it is crucial that the ship’s speed and 

course is correctly adjusted, as well as the use of sideway propulsion (e.g., using 

thrusters or tugs). Table 19 provides examples of performance indicators for boarding 

the pilot, berthing the vessel and external factors. 

Table 19: Example of performance indicators for boarding the pilot, berthing the vessel and external factors. 

Performance indicator Description of performance indicator Example of empirical indicator 

Pilot boat adjustments This regards proper communication with the pilot 
boat. 

Is correct side for going alongside main 
ship given to the pilot boat? 

Inform pilot of ship 
condition 

Concerns assuring that the pilot is properly 
informed about the ship’s condition. 

Is a proper discussion between the bridge 
team and the pilot ensured?  

Ship and course Regards setting proper speed and course for the 
berthing operation. 

Is the speed and course proper for 
berthing? 

Berth positioning Concerns the preparation of the ship before 
berthing is commenced.  

Is the bridge informed of the port 
requirements? 

Weather impact This allows the rater to determine if the weather has 
a profound impact on operational performance. 

Is the weather impacting normal 
operation? 

Traffic density This allows the rater to determine the traffic 
density. 

What is the traffic density: little, normal, 
or heavy traffic? 

   

The external factors in the CAPA-tool are time pressure, traffic, and weather (including 

hydrodynamic forces). These factors are considered as being out-of-control for the pilot-

bridge team and serve as adjusting factors to the performance score. That is, a higher 

impact of external factors provides a weighed boost towards the final performance 

score. There is certainly a plethora of other external factors to include, however, these 
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factors were considered to have a major role in the execution of a pilotage operation 

and was thus included in the CAPA-tool. 

An extraction of four indicators are given in Figure 14 immediately below. In this figure, 

the empirical indicators are emphasised to show how the assessors’ inputs are fed into 

the tool’s higher hierarchical levels. Figure 14 is extracted from the bottom of Figure 15 

on the next page. 

 

Figure 14: Extraction of four indicators (bottom part of Figure 15 on the next page). N6-8 are empirical indicators. 
The “N” letter shows that the indicators are part of the navigation dimension. In this example, we see that three 
out of the four empirical indicators are evaluated as “true”. 

The entire network is graphed in Figure 15 below. The two main and the two auxiliary 

dimensions (comprising the operational performance score), in addition to the external 

factors’ impact are emphasised using a measurement symbol that gives a visual cue of 

the scoring. The final performance score, with a red highlight in Figure 15 on the next 

page, was calculated based on the operational performance adjusted by the raters’ 

interpretations of the external impact. The network was created and calculated using 

BayesiaLabÔ 8.1 software. 
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Figure 15: The CAPA-tool. 
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5.4.1.2 Quantitative features of the assessment tool 

There are two types of probabilities that must be quantified in a BN: prior probabilities 

of independent variables and conditional probabilities of the dependent variables. 

Translating this to the assessment tool, the prior probabilities refer to the empirical 

indicators’ measures; whereas the conditional probabilities refer to the weight assigned 

the relationships between the performance indicators or between the performance 

indicators and the empirical indicators (the probability of performance given the priors, 

i.e., the empirical indicators). The prior probabilities are collected by the raters when 

observing and evaluating the operation, while the conditional probabilities are derived 

theoretically or statistically, or calculated and defined based on AHP. The conditional 

probabilities are used to specify the probability for each dependent variable (e.g., to 

score the information exchange performance indicator), and we do this for every state 

of its directly dependable parent variable (e.g., to further give a score to the 

communication key performance indicator).  

Worth mentioning, the conditional probabilities can also be defined using statistical data 

which may help tune the CAPA-tool in future iterations, which enables the instrument 

to be expansive as more training and assessment data become available with time and 

use. 

Relationship between the parent and child nodes. The empirical indicators are the 

parent nodes and the higher order performance indicators are the respective child 

nodes. The empirical indicators serve as the checkmarks that are evaluated by the 

raters. All main empirical indicators are binary, either yes or no. However, there are also 

two special indicators for grading visibility and traffic density that have three response 

alternatives. The main empirical indicators are formulated as yes or no with the purpose 

of making interpretation less ambiguous: either the condition is accepted or 

disregarded.  

However, this dichotomy can make it difficult for the assessor to make a judgement as 

the operation may have different situations rendering a condition accepted at one part 
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of the voyage and unaccepted at a later part. At the same time, this places the 

responsibility of correctly evaluating whether an empirical indicator is satisfactory or 

not, for the particular scenario that is being carried out, on the present and expert 

assessor. 

The empirical indicator input from the raters serves as a prior probability for their 

respective child node. The child nodes of the empirical indicators are the performance 

indicator. The conditional probability tables for the child nodes (i.e., the performance 

indicators) are weighted based on the AHP inputs. Please see Table 20 below for an 

example of a performance indicator’s weighting scheme, and then Table 21 for its 

translation into the conditional probability table.  

The respective weights, then, correspond to the performance indicator when it is the 

only true condition. For events in which two of the three conditions are evaluated as 

true, then both weights are added together and serve as an aggregated weight. Thus, 

for conditions where all inputs are true, a performance score of 100.0 is certain, and 0 

for the opposite condition. 

Table 20: Example of the weighting scheme. 

Berth 
positioning: 
 

B1: Bridge informed of port requirements 
B2: Deck crew informed of berthing procedure 
B3: Berth roles clarified 

B1 B2 B3 

38.5 24.0 37.4 

     

Table 21: The conditional probability table for berth positioning. Please note that the B1-3 corresponds to the coding 
in Table 20 and the main Figure 15 above. 

B1 B2 B3 False True 

False False False 100.0 0.0 

True 62.6 37.4 

True False 76.0 24.0 

True 38.6 61.4 

True False False 61.5 38.5 

True 24.1 75.9 

True False 37.5 62.5 

True 0.0 100.0 
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5.4.1.3 An example of practical application of the CAPA-tool 

The CAPA-tool, as mentioned, was developed to improve the objectivity in simulator 

assessment. Earlier attempts (and not reported) at objective assessments have provided 

necessary information concerning the need for flexibility and ease-of-use, which is also 

supported in Conole and Warburton (2005). Challenges with earlier attempts at 

objective performance assessment have disregarded the extensive resources that are 

required to tailor the tool for each scenario. Rigid objective operationalisations, e.g., 

technical simulator parameters such as cross-track error had to be re-calibrated for 

every scenario, and even then, could have questionable validity – what if the trainee 

chose a different, but equally safe and efficient turn? The learnings from earlier 

attempts were highly appreciated in the current doctoral research and for the 

conceptual design of the CAPA-tool: learning the importance of elements such as 

flexibility, having less rigidity as well as being swift and easy to use. 

The CAPA-tool can be used for simulator assessment in its current form, although it is 

perhaps unnecessary cumbersome to use. The checklists that were used in the 

experiment reported in Article 4 had to be manually analysed by inputting the data into 

a computerised tool that calculates the performance score (i.e., it had to be run in the 

BayesiaLabÔ 8.1 software). However, this process can be and is intended to be further 

automated by using interactive computer application to input the data, in contrast to 

using a manual checklist, which was necessary for the current experiment. This 

application, then, can forward the information and immediately return the performance 

score for the evaluator and the trainees. 

The computer application can run on a tablet, which also enables the assessor to be 

mobile when assessing using the CAPA-tool. For instance, there may be a need to move 

between the instructor station and the simulated bridge. Meanwhile moving around, 

the assessor can check-off the relevant categories that he or she sees fit during the 

simulator exercise. The CAPA-tool evaluates the input and weight the factors following 

an objective (or intersubjective) agreement among experts and returns a formative 

performance score for the trainees. Then, after the exercise, a report is automatically 
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generated that breaks down the areas and highlights the ones that requires attention. 

This report may be a foundation for debriefing the maritime exercise and to show the 

need for further training. Please see Figure 16 for an example of how the CAPA-tool 

could be used. 

 

Figure 16: Example of the CAPA-tool assessment process. Please note that the assessment tablet is not within the 
scope of this doctoral thesis (a manual checklist was used as a substitute in the experiment reported in Article 4). 

5.4.2 Examination of the CAPA-tool’s reliability and validity 

The reliability and validity of the assessment tool were examined in Article 4. A maritime 

simulator scenario was developed for expert raters to assess. The expert raters were 

separated in an experiment and a control condition. The experiment condition used the 

CAPA-tool and the control condition used conventual assessment methods. 

Interrater reliability, absolute reliability, construct validity, content validity and criterion 

validity were addressed in Article 4. However, the tool’s content validity was already 

theoretically supported by the previous research on the topic (particularly for the 

teamwork and technical dimensions). The criterion (predictive) validity, however, will 

be investigated as future performance data are gathered by correlating the performance 

score of the tool with true performance data in the future. Interrater reliability, absolute 

reliability and construct validity were covered by Article 4’s research questions. 
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5.4.2.1 Interrater reliability of the assessment tool 

The interrater reliability was calculated using Krippendorff’s alpha. There were nine 

raters for the analysis, 47 cases and a total of 409 decisions to evaluate. It was the same 

nine participants that were placed in the experiment group. The interrater reliability was 

determined as fair (α = .31) after excision of the chance of having similar answers. This 

result is not considered as satisfactory as it implies too much variation among the raters 

when following Krippendorff’s strict interpretation of interrater reliability estimates, in 

which 0.667 is regarded as the absolute minimum (Krippendorff, 2018). However, at the 

same time, an α of .31 could suggest a step in the right direction considering the 

complexity associated with assessing maritime pilotage operations. 

5.4.2.2 Absolute reliability of the assessment tool 

The absolute reliability of the assessment tool’s final score was assessed by referring to 

the CV for each of the experimental condition. The experiment group outperformed the 

control group with regards to the reliability of the technical score. However, neither 

groups returned viable reliability estimates for the teamwork score or the total score. 

See Table 22 below for the total mean score and CV for both the experiment and control 

group. 

Table 22: Total mean score and CV for the experiment- and control group. 

 Total Technical Teamwork 

 Mean score CV Mean score CV Mean score CV 

Experiment 42.44 31 % 61.59 14 % 38.59 62 % 

Control 47.06 36 % 43.25 50 % 42.88 42 % 

       

Furthermore, interpreting and extrapolating the meaning of the CV is difficult. There is 

an arbitrary convention of desiring a CV less than 10 %; however, this must be 

considered on a discipline basis. For the current application, 14 % dispersion, which was 

achieved when rating technical performance, is argued to represent evidence of a 

reliable measure of technical performance in this current application. 
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5.4.2.3 Validity of the assessment tool 

In the experiment in Article 4, the mean deviation from the gold standard was 32.56 (the 

group using the CAPA-tool) and 29.19 (group using the conventional assessment). The 

mean deviation was significantly different from the gold standard for both the CAPA-

tool (M = 32.56, SD = 13.32, t(7) = -9.01, p < .05) and the conventional tool (M = 29.19, 

SD = 14.25, t(7), p < .05). This finding fails to support and find evidence for the criterion 

validity of the CAPA-tool (nor the conventional tool). 

Examining the reliability and validity of the assessment tool was the final stage of this 

doctoral research. To sum, the CAPA-tool shows promising reliability estimates 

concerning the use for assessing technical performance. It also shows strengths 

regarding relevant features for assessment in training and education purposes, such as 

providing detailed and intersubjective feedback for the trainees and students. At the 

same time, more studies should be carried out to further evaluate the validity of the 

assessment tool.  

The information from this study suggests several paths and areas of improvement 

moving forward. These opportunities will be further discussed in the next chapter. 
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6 Discussion 
This chapter extends and discuss the findings in this doctoral research by connecting it 

to the greater scientific body of knowledge on training and assessment, and to 

practitioners in the maritime domain (section 6.1 and 6.2). Then, a discussion on the 

tool’s validity and reliability, as well as methodological reflections and considerations 

for the various stages of the doctoral research (section 6.3 and 6.4). The chapter 

concludes with an example of applying the CAPA-tool in assessment before a 

presentation of the outlook of future research directions and recommendations to 

practitioners (section 6.5 and 6.6).  

6.1 Performance assessment in maritime education and training 

Recent literature reviews report a need in the maritime industry to focus on the use of 

bridge simulators (Sellberg, 2017) and on the methods used when assessment methods 

are developed (Ernstsen & Nazir, 2018a). This need is aggravated by extensive research 

on the importance of effective training and assessment. Article 1 in the current 

doctorate research examined the development of assessment methods across four 

maritime domains: port logistics, shipping and navigation, safety, and environment, and 

suggested more attention to evaluation procedures in shipping and navigation by 

developing structured methods with clear and articulated assessment criteria. 

Unstructured assessment with the use of implicit assessment criteria are prone to high 

degrees of subjectivity (Moorthy et al., 2003). The evaluators are prone to personal 

biases; such as serial positioning effects (Murdock Jr, 1962), halo effects (Nisbett & 

Wilson, 1977b) and recognition-primed inferences (T. D. Wilson & Brekke, 1994), which 

makes it difficult to observe and assess situations objectively.  

The lack of structure in simulator assessment has been found to be detrimental for 

maritime safety (Gekara et al., 2011), in which an unfortunate assessment framework 

can orient the learning environment away from acquiring the necessary skills and 

knowledge, towards having trainees that rather focus on how to perform better on the 

competency tests (Emad & Roth, 2008). 
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Section 3.1 introduced the importance of proper feedback in training and assessment, 

conceptualised as the information given by a trainer regarding aspects of the trainee's 

performance (Hattie & Timperley, 2007). In this, the feedback must provide information 

that minimises the gap between what is understood and what is aimed to be understood 

(Ramaprasad, 1983; Sadler, 1989). A key element of proper feedback, as argued in Taras 

(2005), is the use of clear and articulated assessment criteria - in contrast to the implicit 

and subjective criteria residing within the evaluator (and thus more prone to the 

personal biases). Only by developing and using formulated criteria can the assessor give 

proper feedback to the trainer, re-assess the scenario using another evaluator, and 

compare the performance across trainees for refining and improving the training and 

assessment program.  

Furthermore, the effect of teamwork training in the maritime has been questioned. It 

has been discussed that the training programmes have not been tailored according to 

the specific needs of various maritime operations (O’Connor, 2011; Salas, Burke, 

Fowlkes, & Priest, 2004). However, in light of the findings in this doctoral research, it 

could also be argued that the lack of teamwork training effect is due imprecise 

measurement of teamwork performance, and especially for particular operations such 

as a pilotage operation. It is therefore suggested to provide the trainees and students 

with reliable and valid feedback in the performance assessment of pilotage operations 

in full-scale simulators. 

6.2 Assessing pilotage operations in full-scale simulators 

Assessment is a part of being human. We constantly, mostly implicit, assess the world 

around us by using empirical data to refine our behaviour and beliefs. This process is an 

essential part for us to learn, grow and adapt to the feedback we give and receive from 

assessment. Humans have developed efficient cognitive mechanisms to carry out these 

assessments, such as the representative, availability and anchoring heuristics (Tversky 

& Kahneman, 1974). These mechanisms are invaluable aspects of human cognition 

where most situations call for a quick and approximate decision, and not requiring a 

precise decision (Stanovich & Toplak, 2012). However, if an environmental stimulus does 
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present itself, a slower and more precise cognitive process can be triggered (Evans, 

2008). 

While our everyday assessment does not need to be systematic and objective and can 

benefit from being fast and approximate, educational and professional assessment must 

be. Educational and professional assessment refers to a systematic process of 

documenting the use of empirical data on a trainee’s or student’s competency. This 

systematic process establishes standardised methods for assessment that experts and 

research community can collectively agree and adhere to, thus making it more objective. 

Striving for objectivity in assessment is particularly critical in ensuring that workers and 

operators possess the competency necessary to safely and efficiently carry out their job.  

However, by assessing simple tasks, for instance turning on a computer, one can count 

the power button’s hit-ratio as an objective assessment. Clearly, the development of 

objective assessment methods for complex operations is more complicated than merely 

counting hit-ratios, and as operations turn even more complex, obtaining an objective 

assessment method can become highly resource demanding. As introduced in chapter 

2, complex operations consist of a multitude of interdependent factors that the 

operators must constantly consider. This complexity contributes to, that in many 

instances, the assessment of complex operational performance remains subjective. 

However, for high-risk operations, it might be considered worthwhile to invest the 

necessary resources for a dedicated assessment framework. 

The CAPA-tool’s flexibility is an essential characteristic considering the high cost 

associated with the development of the instrument. One way, as previously discussed, 

is to have humans in the loop. As an example, the correct use of the RADAR settings 

might change for a particular exercise (e.g., due to weather and traffic variations) and 

might therefore be rated according to the designed scenario. However, the weight 

attributed to the RADAR competency remains intersubjective; that is, a fixed and agreed 

upon measure set by several experts in conjunction about how important the skill and 

knowledge of using the RADAR is. This characteristic of being malleable for different 

scenarios was necessary for it to be practically and user friendly. 
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The assessment tool developed in the current research demanded attention and input 

from a plethora of different subject matter experts and had to accommodate for a wide 

range of competencies. As an example; in stage 2 of this research, it was necessary to 

collaborate with computer engineers to develop the conceptual assessment framework; 

whereas in Stage 3, it was necessary to use expert navigators for the technical 

competencies, expert pilots for the pilotage factors, and expert teamwork researchers 

for the bridge resource management factors. Article 2 reports a conceptual assessment 

framework in light of the research carried out in stage 2. The concept was developed to 

reduce the subjective impact, while being flexible, and was done in close collaboration 

with a computer engineer to ensure proper use of AHP and BN.  

Stage 3, then, concerned expanding the qualitative features of the tool. The technical 

features in which the tool consists of have been widely researched; thus, the scope in 

stage 3 focused on establishing the teamwork requirements that best fit the case of 

pilotage operations. In this stage, it was found that the expert seafarers – pilots and 

captains – were acknowledging the need for communication, coordination, cooperation 

and shared mental models, also in line with the prevalent theories on teamwork, but 

with one exception: The teamwork factors that requires a sustained working 

relationship were found to be less important in pilotage operations. While they would 

be valuable for performance, it would not be enough time to effectively develop these 

factors in such swift operations and should perhaps receive dedicated attention. 

6.3 Validity and reliability of the CAPA-tool 

Article 4 studied the validity and reliability of the performance assessment using the 

CAPA-tool and using conventional assessment methods. The study found evidence of 

acceptable reliability when assessing the technical elements of the pilotage operation, 

but only when the raters were using the proposed CAPA-tool. The conventual methods 

for assessment, however, returned a too high dispersion among the raters. This finding 

is interesting concerning the need for feedback as the assessment method must be 

reliable for any feedback to be meaningful (Kimberlin & Winterstein, 2008). By using the 

proposed assessment tool, the evaluator can provide the trainee with feedback on their 
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technical performance that is supported by several experts (and not only the subjective 

performance interpretation of the current evaluator). 

The study reported in the fourth article, however, did not find evidence of reliability for 

either the teamwork component of the assessment tool or for teamwork when 

employing conventual methods: both groups of raters returned too high dispersion on 

their scoring. This finding implies a need for utmost care in returning formative feedback 

concerning teamwork performance, which is underpinned by other research on BRM, 

e.g., O’Connor (2011) and Salas, Wilson, Burke and Wightman (2006). There is still a lack 

of an objective agreement on how to reliably assess teamwork competencies. 

6.3.1 Reliability and validity in teamwork 

Understanding teamwork is undeniably challenging. Scientists and practitioners have 

conducted a plethora of research and development concerning teamwork in recent 

years. Early, the non-technical skills taxonomy presented a framework for assessing 

teamwork, which was a critical element in the development of crew and bridge resource 

management training and assessment programmes (Flin et al., 2003). From a general 

perspective, Salas et al., (2005) frames a selection of critical factors for team 

performance, while Rafferty et al., (2010) advances the general understanding of 

teamwork in complex operations by identifying four core teamwork factors 

(communication, coordination, cooperation and shared mental models) and applying 

them to the case of military fratricide. 

However, there are other perspectives to team performance that could serve viable for 

the reliable and valid assessment of teamwork as well. For instance, distributed 

cognition in which the entire system is incorporated into the assessment has certain 

advantages (Hutchins, 1995), and is a perspective that should be considered for when 

the performance assessment aims to capture performance “in the wild” (to borrow the 

words from Edwin Hutchins), i.e., outside of the controlled simulator environment. This 

perspective takes a broad view and incorporates the effect of culture on the individual 

as well. In which case, distributed cognition could be a critical element to further 
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increase the CAPA-tools ecological validity in the case that the assessment tool was 

adapted to outside of the simulator environment. 

6.3.2 Teamwork in the current research 

The deductive approach in Article 3 was central and helpful for providing proper 

nomenclature and explanations for examining the core teamwork factors for the case 

of pilotage operations. However, achieving cooperation in maritime operations is 

difficult. One reason is that teams that are operating on the ship bridge, especially 

during pilotage, includes a multitude of different nationalities and cultural backgrounds. 

In addition, achieving a similar safety climate has been shown to be difficult even across 

companies (Mallam, Ernstsen, & Nazir, to be published). This multiculturalism, in light 

of the discussion above, may inhibit the development of team cooperation because of 

the lower levels of homogenous attitudes and preferences. This difficulty could be 

argued to be aggravated in pilotage operation, in which the pilot-bridge team must 

perform without sustained working relationships and the development of coordinative 

mechanisms for swift starting action teams is difficult (McKinney Jr et al., 2004).  

On the other hand, skills and ability requirements within a ship bridge team is 

standardised according to the STCW regulations (IMO, 2011), which may help to ensure 

skill and ability heterogeneity within the bridge team. This standardisation is certainly 

be beneficial for some elements of teamwork, but perhaps the standard could be 

strengthened to focus on other (relevant) aspects of teamwork as well. Especially 

considering that the maritime environment comprises vast variety of equipment, tasks, 

roles, and team members. It is imperative for a safe and efficient voyage that there exists 

a shared understanding among the crew. However, while the bridge team has plenty of 

time to form and develop shared mental models, a complex pilotage operation relies on 

close interactions with a temporary pilot and in many instances, this gives the team 

insufficient time to develop the efficient shared mental models. 

Furthermore, Goodwin (1994) discusses the concept of intersubjective professionalism 

concerning how practitioners develop a common way of perceiving a situation. In a 
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highly globalised and multicultural industry such as the maritime domain, achieving 

intersubjective professionalism can be difficult. In fact, a recent study has examined the 

importance of focusing on demonstrating this professionalism for the students and 

trainees (Sellberg & Lundin, 2017). Furthermore, Taylor (1998) points out that “good 

seamanship” is highly situation-dependent, and that the steps necessary for certain 

tasks are socially defined. These concepts emphasise the importance of developing 

shared mental models and professional intersubjectivity. Thus, in addition to 

demonstrating professional intersubjectivity, an introduction of these training criteria 

globally (e.g., through IMO) could perhaps lead to higher sharing of the remaining 

dimensions of mental models on the bridge, particularly relevant for pilotage 

operations.  

Besides, factors necessary for team performance could have been investigated from an 

inductive standpoint instead. This approach would have entailed a need to develop 

teamwork factors for pilotage operations, rather than adapting current frameworks. 

While developing teamwork factors are resource intensive, this approach could perhaps 

have provided a more accurate representation of the teamwork factors in pilotage 

navigation; thus, returning a more reliable (and valid) teamwork measurement.  

However; ultimately, the vast amount of teamwork research over the past decades 

suggested the use of a deductive content analysis based on the already established 

teamwork research. 

6.4 Methodological discussion 

6.4.1 Reflections on the research methodology 

The research progress and the project stages are conveyed by considering the appended 

articles in sequential order. The findings generated at each stage, reported in each 

article, is directly or indirectly contributing and transferred to subsequent stages. 

However, this transferring of knowledge also suggests a careful reflection of the 

methodological limitations associated for each of the conducted studies. Therefore, 
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section 6.4 is dedicated to discussing relevant shortcomings with the doctoral research 

project’s data collection and data analysis. But first, a discussion on the epistemology. 

6.4.1.1 What kind of knowledge did the researcher aim to produce 

The research aimed to reduce the subjective impact in maritime full-scale simulator 

assessment, which called for an applied research approach. A central challenge, as is 

seen in the methodological procedures presented in Section 4.3, was the population 

size. The lack of participants implied that a combination of research approaches was 

necessary to effectively explore and answer the research questions. 

The experiment reported in Article 4 was designed to investigate the CAPA-tool’s 

reliability despite the specialised sample. Ideally, the experiment would statistically 

assess both the within and between rater agreement, where either the intraclass-

correlation coefficient or the Cronbach’s alpha could provide more robust measures on 

reliability than the CV. However, due to the vast amount of resources required to run a 

full-scale pilotage scenario, this compromise was required. Still, enough expert 

navigator assessors were available to statistically assess the absolute variability between 

the two conditions.  

Furthermore, another crucial design discussion regarding methodological design and 

data collection revolved around whether to employ a within or between experiment, 

where sample size was a main argument for the within experiment. This approach could 

give more statistical power as the final number would be 16 instead of 8. However, the 

learning effect was considered to have a substantial impact on the data’s (internal) 

validity. Even by changing which participants that would first employ the CAPA-tool and 

first use the conventional methods; only the data from their respective first run could 

be considered unbiased. And perhaps more important: this approach would request 

four hours of the participant’s time, instead of two hours with the between-subject 

design. 

Lastly, investigating the construct validity was also compromised by the lack of 

participants, as discussed in Article 4 and in this thesis introduction. However, the 



Ernstsen: Reducing the subjective impact in performance assessment 
 

  

___ 
93 

 

combination of methods, mixed methods, carried out throughout the doctoral research 

enabled the researcher to explore the research questions from different perspectives 

and angles. This approach, however, asserts that the underlying research and the 

methods employed are transparently and comprehensively reported throughout the 

research (Chapters 3 and 4), as well as proper descriptions of the background and 

context in which the research is conducted (Chapter 2). 

In light of the epistemological debate, the next section discusses limitations of the 

research data collection and data analysis more specifically. There are plenty of caveats 

and pitfalls associated with collecting empirical data. All methods have limitations; also, 

practical constraints such as time, resources, and availability of participants can 

generate ever more limitations to the research, as discussed above. It is important to 

acknowledge and consider this when evaluating the findings and its implications of a 

particular research. In the following sections, limitations in the current doctoral research 

concerning data collection, data analysis and for the CAPA-tool itself are discussed. 

6.4.2 Data collection limitations 

6.4.2.1 Systematic literature review limitations 

The Boolean key string that was chosen for the literature review has implications on 

which papers are returned from the search. However, careful considerations were 

made. For instance, the word “maritime” was coded as “marine” and “maritime” to 

ensure that researchers using either terminology would be reflected in the search. 

Another limitation was the availability of papers concerning language, databases and 

journals. The search and review of literature was aimed for English research papers. This 

precludes research published in other major languages, such as Russian, Spanish, 

Portuguese, and Chinese research. The same limitation pertains the databases and 

journals available in the current literature review. As a countermeasure, the researcher 

ensured transparency by comprehensibly list the databases relevant in the review. 
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Finally, limitations concerning the exclusion criteria must be me addressed also. The 

exclusion of papers is a necessary step in literature review as the key-string can easily 

return non-relevant papers. In the current study, the keywords “marine” and 

“performance indicator” returned papers related to marine biology studies, which was 

not relevant for this literature review. Articulated exclusion criteria were established; 

however, it also influenced which research papers that remained for the analysis. 

Therefore, it was necessary to be transparent in the exclusion process also, in which the 

number of papers removed in each step of the process was listed. 

6.4.2.2 Semi-structured interview limitations 

An overarching critique and limitation of semi-structured interviews, according to Potter 

and Hepburn (2005), is how researchers neglect contextual features of the interview 

and consequently take the data at face-value. Even if the interviews were carefully 

prepared and planned in the current doctoral research, contextual and personal 

features of the interview are influencing the material. The reader must consider this 

limitation when addressing and evaluating the findings. Furthermore, for the interview 

reported in Article 3, the researcher was conscious of proper interview techniques for 

ensuring more meaningful data, like planning, engaging, accounting, closing and 

evaluating (i.e., the PEACE-model) all of the interviews, as outlined in Subsection 4.2.2. 

Besides, semi-structured interviews are compatible with a wide range of data analyses 

(Willig, 2013). 

Characteristics of the interview also impact the results. The interview sample (N = 10) 

and length (M = 64 minutes) were adequate considering the specialisation of the 

research questions (i.e., navigational expertise), the limited population pool, and limited 

research resources available. However, critics may argue (and reasonably so) that the 

researcher could have achieved a broader theoretical representation with a larger 

sample. However, the researcher attempted to counter-measure this by purposely draft 

the participant to ensure a balanced representation of expertise. 
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6.4.2.3 Experiment limitations 

The experiment is a scientific method for hypothesis testing. However, there are pitfalls 

that must be addressed when designing an experiment. Two different experiment 

approaches are the within-subject design and the between-subject design. Commonly 

recognised limitations exist for both. Within-subject experiments must be conscious of 

learning effects, e.g., a third factor makes some people faster learners, while the 

between-subject experiment must address various types of assignment biases (e.g., 

expectancy bias – the subject expects an effect and therefore unconsciously impacts the 

outcome). The experiment reported in Article 4 was a between-subject design. 

There are three limitations in the experiment carried out in this doctoral research that 

need to be discussed. The first limitation concerns the experiment sampling procedure. 

The pool of participants was small because of strict inclusion criteria. The participants 

had to be expert navigators and with simulator training experience. The sampling 

procedure; thus, was pseudo-randomised to ensure sufficient representation in both 

experiment conditions. The participants were also stratified from two unique 

assessment facilities and only from these two facilities. Including more or different 

strata may have impacted the results also.  A randomised sampling involved a too high 

probability of skewing the sample size in either condition: this may have reduced the 

accuracy of the sample to represent the larger population. 

The second limitation pertains to the compromises made in balancing internal and 

external validity in connection to the complexity of the experiment procedure. As 

mentioned in section 4.2.2, the internal and external validity of the experiment must be 

carefully balanced: a more controlled design makes the testing environment more 

artificial, thus more difficult to generalise findings out of the laboratory setting. The 

participants were asked to assess an 87-minutes long navigation scenario. In this, a 

plethora of interdependent factors needed consideration.  

For instance, it was decided to not standardise the procedure entirely, as this would 

have limited the generalisability of the result: This decision was connected to the 
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flexibility design requirement of the assessment tool. However, the autonomy that the 

participants were given when evaluating the scenario gives less control of third factor 

parameters that may have impacted the results. For instance, the participants were 

allowed to continuously assess the scenario description given during briefing, they were 

sitting in slightly different assessment environments, the participants could freely 

attend to bathroom- and coffee needs and have their phone available (which some 

participants used). It is therefore difficult to rule out that any third factors may have 

distorted the results. 

The third limitation concerns the navigation scenario that was used for assessment. The 

scenario was a well-known sailing route that most navigators in the area knew from 

personal sailing and from training and education programs at their respective facilities. 

However, clearly the degree of experience would be different, where certain assessors 

would have more experience than others. This effect can be considered an unsystematic 

error in most experiments; thus, statistically nullified. However, the current sample size 

may insufficiently rule out the error, suggesting that the result may have been impacted 

by the unsystematic distortion of the result. However, at the same time, the participants 

are trained assessors and may have evaluated the scenario irrespective of their 

knowledge of the sailing route. 

6.4.3 Data analysis limitations 

6.4.3.1 Qualitative data limitations 

The qualitative data was analysed using a deductive content analysis. This method is a 

powerful tool for generating meaningful insight from textual data; however, it is also 

subject for limitations. 

A recurring limitation of qualitative research in general is particularly relevant for the 

content analysis also; that is, its dependence on the researcher’s individual skills, 

personal biases and idiosyncrasies. This limitation makes it difficult to demonstrate 

scientific rigor and elevates the importance of reflexivity (Willig, 2013), i.e., explore how 



Ernstsen: Reducing the subjective impact in performance assessment 
 

  

___ 
97 

 

the researcher’s involvement influences the research (Nightingale & Cromby, 1999, p. 

228). In many instances, qualitative research aims to be explorative and open up other 

research areas, and an extensive theoretical description of the phenomenon is the 

contribution. 

However, in the current doctoral research, the method was used to explore the 

applicability of a theoretical framework (i.e., the method was top-down oriented) - that 

subsequently would theoretically support the assessment tool. This purpose suggested 

a need for keen attention to its rigor and further investigate how the findings were 

impacted by the researcher’s individual skills, personal biases and idiosyncrasies. As a 

countermeasure to this limitation, a comprehensive interrater agreement testing was 

carried out with several raters for investigating the level of agreement among the raters 

(after excluding chance), as suggested in Neuendorf (2016, p. 150). 

Coding is another issue that must be addressed. Content analyses relies on a coding 

process; however, the interpretation and operationalisation of the codes may challenge 

the generalisability of the content analysis. This can make it difficult to make inferences 

across studies. At the same time, the codes in the current doctoral research was derived 

from a scientific framework where the constructs are precisely and accurately 

formulated. This articulation of the constructs may contribute positively to the 

generalisability of the content analysis. Although, the topic is still abstract, so 

operationalised behavioural markers can still amount to variability in both observation 

and interpretation. This suggests, as with all qualitative research, that the reader is wary 

when evaluating the results. 

6.4.3.2 Quantitative data limitations 

The limitations connected to the analysis of quantitative data is connected to reliability 

and validity of how the data is collected as the calculation itself is strictly mechanical. 

However, there are inherent limitations of the frequentist statistical inference in 

research where it is hard to acquire sufficient statistical power (due to a highly 
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specialised population). These limitations concern the subjective evaluations that must 

be made concerning alpha levels and the choice of the statistical test itself. 

The concept of hypothesis and significance testing, and the Type I and Type II error 

probabilities (Neyman & Pearson, 1933) are critical in statistical inference. The 

thresholds set for deciding whether to support of reject the respective hypothesis are 

subjective conventions and can thus be misleading. Type 1 errors is when the researcher 

incorrectly rejects a true null hypothesis, and Type 2	errors are when the researcher fails 

to reject a false null hypothesis. Whichever is “worse” is determined by the context; 

however, the goal should be to correctly reject the hypotheses, which implies setting 

the correct significance (alpha) levels. These levels are mostly set by convention (e.g., P 

< 0.001, 0.05, or 0.10), where the risk of Type 1 errors rises with a less strict significance 

level (probability of Type 1 error = alpha level), but the risk of Type 2 error reduces 

(probability = beta level). An alpha level of 0.05 was determined for the statistics 

reported in Article 4. 

Furthermore, the one sample t-test reported in Article 4 compared the sample mean 

against a gold standard chosen as the true mean, to evaluate if the difference were 

significant. A significant difference would imply that the sample were statistically too far 

from the golden standard. However, the main limitation when evaluating the finding in 

this study pertains whether the gold standard was correct, drawing an error of the third 

kind. At the same time, the gold standard was, given the resources available, the best 

approximation that could be made. But the study suggests a wary interpretation of the 

findings. This limitation relates to overall challenges with the overall proposed CAPA-

tool. 

6.5 Using the CAPA-tool for assessing performance in full-scale 

maritime simulators 

A dedicated section is given for discussing potential challenges and opportunities 

concerning the CAPA-tool and the aspects that must be considered when using and 

further developing it. 
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The qualitative aspects must be considered, including the limitations discussed above. 

Furthermore, this also suggests (but does not prerequisite) that the user should spend 

time to comprehend the scientific literature prior of employing the CAPA-tool, to ensure 

that the depth of the empirical indicators is adequately comprehended. In light of this, 

a set of minimum requirements for the assessors should be developed. 

The quantitative aspects must also be addressed. These aspects concern how the 

variables are weighted. As presented in Chapter 5, the weights are derived from the 

AHP. However, some factor weights did not achieve consensus (there were some 

disagreement among experts concerning the weights). This impacts the tool’s objectivity 

and should be considered in subsequent iterations and tuning of the tool. This issue 

must also be considered when giving formative feedback based on the pertinent factors. 

The generalisability of the tool is also worth to consider. The reliability and validity of 

the tool has been tested in a Scandinavian context. This context puts limitations on the 

ecological generalisability of the tool. It has been discussed earlier that a flexible tool 

was necessary for ensuring a wider range of applicable scenarios and situations. The 

human assessor of the empirical indicators makes the tool more flexible as she or he 

may judge differently based on circumstantial requirements. However, it has not been 

tested or considered whether the factor weights must be recalibrated for other types of 

navigation cultures, e.g., pilotage operations that takes place in Mediterranean ports.  

Furthermore, the tools reliability and validity are difficult to statistically assess. Ideally, 

a proper exploratory- and confirmatory factor analysis would have been conducted in 

the development for identifying the tool’s dimensionality (and to examine the construct 

validity). Then, the intraclass correlation coefficient for each dimension would be 

considered. However, this procedure would require an unattainable sample size bearing 

in mind the amount of resources required for running each sample. The current 

sampling distribution challenges the statistical rigor concerning reliability and validity 

estimate of the tool. However, the experiment carried out and presented in the fourth 

article attempts to provide reliability and validity estimates despite this statistical 

challenge. 
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An important element for the content validity was to carry out a top-down content 

analysis (reported in Article 3). The aim of this study was to fit and adapt teamwork 

research to maritime pilotage operations. Fitting and adapting teamwork research 

would provide higher confidence that theoretical facets of teamwork in maritime 

pilotage were included in the framework. The content validity is thus supported through 

a transparent content analysis based on 10 subject matter expert interviews with a 

moderate (Cohen’s kappa = .706) interrater reliability (McHugh, 2012).  

However, while this supports the tool’s content validity, the criterion validity must also 

be addressed. The criterion validity was investigated in the experiment study reported 

in Article 4. It concerns whether the CAPA-tool measures what it is intended to measure. 

It was investigating by comparing the rater’s assessments with a pre-defined gold 

standard. Unfortunately, the rater’s assessment was statistically different from the gold 

standard (for both the conventional and the experimental condition). However, this 

result is problematised to be connected to the imprecision of the gold standard. While 

the researcher attempted to accurately design the scenario for the gold standard, the 

complexity of the operation may have inhibited a true representation of the 

performance. Thus, further examination of the construct validity is suggested. 

Two types of reliability were examined. The first concerns the interrater reliability 

among the empirical indicators, the other is the absolute reliability for the summative 

evaluation score (i.e., the final score without any diagnosing of the results). The 

interrater reliability analysis returned a fair estimate of the agreement among raters 

(Krippendorff’s nominal α = .31). As discussed in Article 4, this suggests too much 

variation among raters, although it may be argued as satisfactory in certain events, e.g., 

Landis and Koch (1977). Also discussed in the paper, actually achieving α = .31 for events 

with high complexity such as maritime pilotage operations may suggest that the 

assessment tool has a significant contribution for further improving the assessment of 

maritime simulator training. The absolute reliability, on the other hand, show that the 

assessment tool’s capacity of assessing technical competence were reliable, whereas 

assessing teamwork was not. This finding is supported by research that underpins the 
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difficulty associated with assessing soft skills. Furthermore, the conventional 

assessment method failed to suggest any reliable estimate of assessing either technical- 

and teamwork competency, but the CAPA-tool did find a reliable estimate for the 

technical dimension. This finding strengthens the CAPA-tool’s contribution in further 

improving the field of maritime full-scale simulator assessment. 

6.6 Recommendations for further research and stakeholders 

Suggestions for further research and the stakeholder recommendations are connected 

to the central message conveyed in this research: to systematise formative simulator 

assessment and to make it more objective. The suggestions for future research include 

methods and perspectives designed to further explore and improve the applicability, 

reliability and validity of the CAPA-tool. 

The stakeholder recommendations are grounded in the conducted research for 

improving the assessment reliability in a shorter, medium and longer time perspective. 

Although the scope of this research has been on maritime full-scale navigation 

simulators, suggestions for future research and stakeholder recommendations could 

also be relevant to other complex operations exercising simulator training as well. 

6.6.1 Further research 

The suggestions for further research are tied to further improving reliability and validity 

concerns addressed in section 6.3 and suggestions regarding further improving the 

utility of the assessment tool. 

An objective assessment tool for complex operations is difficult to achieve. It may even 

be argued to be a perpetual process in which social and technological developments 

continuously provide new training demands and assessment criteria. It is therefore of 

paramount importance that research maintains it momentum for ensuring proper 

training and assessment programs for tomorrow’s seafarers. The assessment 

framework presented in the current doctoral dissertation could contribute to facilitating 
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the perpetual development of complex maritime full-scale simulator performance 

assessment. 

Future research must further examine the reliability and validity of the CAPA-tool. The 

first step would include to investigate the expert consensus concerning factor weights. 

A potential approach would be to separate experts in cohorts for further our 

understanding of factors with low consensus. Perhaps patterns in sailing background 

can reveal that different cohort of experts prioritises differently when assessing complex 

pilotage operations. This information, nonetheless, will be invaluable in the 

development of assessment methods. 

Another major step will be to strengthen the assessment of teamwork skills. This is a 

critical task that remains unresolved across a wide range of disciplines. For instance, a 

comprehensive review of assessment literature related to surgeons in the operating 

room failed to identify adequate behavioural marker systems for rating various 

teamwork skills (S Yule, Flin, Paterson-Brown, & Maran, 2006), and this struggle was 

sustained by subsequent empirical experiments in the same field (Steven Yule et al., 

2009), as well in the maritime domain (O’Connor, 2011). Experiences from other 

disciplines are similar and the reliable (and valid) assessment of non-technical skills 

remains a challenge. 

There are also suggestions relating to future research on expanding the functionalities 

of the CAPA-tool. One suggestion pertains user-interface studies for improving the 

usability of the tool. The current state is raw and not user-friendly. The user-interface 

research could revolve around the development of graphical applications that assessors 

can use to input their decisions on the various empirical indicators. This application 

would also enable the assessor to tailor the tool for its specific purposes, e.g., by 

including and excluding modules unrelated to the current scenario (e.g., removing the 

berthing module). This modulation will, however, have further implications on the tool’s 

validity, which therefore must be addressed in conjunction. Lastly, a properly designed 

user-interface could also include and present statistics over time for the assessor to 

better compare results across and within students and trainees. 
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In a longer time-perspective, research into advancing the assessment tool for real-time 

assessment could generate unique opportunities to researchers (and other 

stakeholders). This would require, however, that the human rater is replaced by 

technological input mechanisms, e.g., sensors, for providing real-time objective data 

that an algorithm uses to infer the state of the current situation. This development will 

require dedicated effort in machine learning (for learning how to correctly detect 

empirical data) and building a strong algorithm for analysing the incoming data packages 

deriving from the technical sensors. An objective real-time assessment tool would be an 

invaluable asset for stakeholders across the maritime domain as well as other industries. 

6.6.2 Stakeholders 

Relevant stakeholders are MET facilities and their practitioners, such as teachers and 

instructors. Other stakeholders are ship-owners, local communities, pilot agencies, and 

ship bridge personnel. However, this discussion concerning stakeholder 

recommendations is focused on MET facilities and shipping companies as the 

assessment methods will provide more indirect effects on the other stakeholders. 

MET facilities are interested in the training and educating of maritime seafarers. 

Providing formative and summative assessment is of principal importance to their 

assurance of educating seaworthy personnel. Yet, the current research found evidence 

that the conventional assessment methods do not return reliable estimates on the 

assessment of maritime navigation competencies in pilotage operations. While the 

assessment tool proposed in this dissertation, the CAPA-tool, lacks a user-friendly 

interface, its structure might be employed within a shorter time perspective for a 

reliable estimate of technical performance in complex navigation operations where the 

students and trainees are operating in conjunction with pilots. This instrument will 

provide the assessors and students with a formative assessment that can be used to give 

on-point feedback to the students. For instance, students that fails to meet the criteria 

for passing the course may receive specific feedback that their competency with 

navigational tools must be improved and which elements that should be improved. 
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More specifically, it is recommended that teachers and instructors in maritime 

navigation implement and adapt aspects of the CAPA-tool when assessing navigational 

performance in full-scale simulators. Although it is essential that its implementation is 

carried out in light of the limitations discussed herein. Moreover, by doing this they also 

contribute to further develop and refine the CAPA-tool, ultimately returning a more 

valid and reliable assessment solution. 

In a longer time-perspective, maritime simulator education should be more deeply 

connected to assessment. A performance database could be developed that enables the 

course responsible to compare and contrast assessment over time. This database can 

be an invaluable tool for further refining and developing the course according to 

industry and operational demands. However, the development of a performance 

database requires formalised assessment methods; where the proposed assessment 

tool in this research may serve as such. This framework will help to connect maritime 

education and assessment with the ultimate goal of achieving a better prepared 

workforce for the maritime shipping companies. 

A final recommendation, then, is to the maritime shipping companies. As the industry is 

perpetually developing, so must the operative personnel, but also the performance 

criteria used for assessing the training of these operators. A dedicated formative 

assessment method will provide the trainee with an overview of his or her strengths and 

weaknesses, enabling the operator to further refine subpar skills. At the same time, the 

ship-owners may receive a statistical overview of their workforce’s competencies – 

which could, and perhaps should, be anonymised – to get strategic information 

concerning overall training- and hiring strategies. This information can serve as an 

invaluable asset in the ever-competitive market where shipping companies take a high 

toll on inefficient operations, incidents, and of course, accidents. Perhaps can the CAPA-

tool serve to improve the safety and efficiency of the world fleet by reducing the 

subjective impact of performance assessment in full-scale simulator training. 
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7 Conclusions 

7.1 Findings 

• The CAPA-tool reduced the subjectivity in assessment relative to conventual 
methods (Ernstsen & Nazir, in review). 

• The development of assessment tools in maritime shipping and navigation needs 
dedicated attention concerning reliability and validity (Ernstsen & Nazir, in 
review). 

• BN and AHP is a viable combination of tools in the development of reliable, valid 
and flexible assessment tool (Ernstsen, Musharraf, Mallam, et al., 2018; 
Ernstsen, Musharraf, & Nazir, 2018). 

• Pilotage operations must be assessed using multiple dimensions, such as 
teamwork and technical (Ernstsen, Musharraf, Mallam, et al., 2018; Ernstsen & 
Nazir, in second review, 2018b; Ernstsen et al., 2016).  

• Teams in pilotage operations differ slightly from the rest of the voyage: a critical 
member is unfamiliar to the rest. Teamwork factors such as adaptability and 
different types of shared mental models require a sustained working relationship 
to develop, which could explain why these concept were less mentioned in the 
study (Ernstsen & Nazir, in second review). 

• Further studies are required to investigate the reliability of assessing teamwork 
(Ernstsen & Nazir, in review).  

• The experiment study failed to find evidence of construct validity (Ernstsen & 
Nazir, in review). 

7.2 Stakeholder recommendations 

• Formative and summative assessment is of principal importance for education 
facilities as it will contribute to strengthen the student’s learning and the design 
of future training courses. 

• Evidence from Article 4 suggests that the conventional assessment methods are 
not reliable. The CAPA-tool in its current state could help to structure the 
performance assessment of technical navigation competencies, but results must 
be interpreted with caution. 

• Training data is becoming increasingly valuable. The structured assessment 
framework enables the evaluators to develop a database that can be used to 
further refine and optimise the instrument’s precision. 

• This could be considered a step towards automated assessment, which is argued 
to be a needed part in the future of seafaring.  

• Automated assessment can eventually, in a longer time-perspective, enable the 
use of real-time navigation assessment. 
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