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A B S T R A C T

The subject bias in the assessment of maritime simulator training in education is unnerving. Researchers re-
peatedly point to the need for enunciated assessment criteria for human assessors to achieve more reliable
performance evaluations. Moreover, the integration of inter-subjective opinions on how assessment tools are
both developed and weighted could diminish individual biases. In the current paper, a study aimed to examine
the reliability and validity of a proposed computer-aided performance assessment (CAPA) tool for maritime
pilotage assessment is reported. The proposed assessment tool was developed using the Analytical Hierarchy
Process and Bayesian Network, with the intention of standardising the calculation and weighting of the per-
formance indicators. A between-subject experiment (n = 16) has been conducted to test the reliability and
validity of the CAPA-tool compared to conventional assessment methods when evaluating a pre-defined simu-
lated pilotage operation. The interrater reliability was fair. The absolute reliability for assessing the technical
competencies was good for the CAPA-tool and unacceptable for the control condition. The absolute reliability for
assessing teamwork was unacceptable for both conditions. Evidence of construct validity has not been found.
The experiment demonstrated the potential for higher reliability in the performance assessment of maritime
simulator training, especially for assessing technical competencies. In parallel, it also confirmed the lack of
reliability associated with using conventional assessment methods, which should inspire further research and
development of maritime simulator assessment methods. The proposed CAPA-tool can be applied in education
and training of maritime navigation training using full-mission bridge simulators, particularly for assessing pi-
lotage operations.

1. Introduction

Performance assessment is fundamental for determining the success
of training programmes, and it is critical that the measurements used
for the assessment are adequately reliable and valid. One can find as-
sessment methods in all forms and sizes. Assessment might be un-
complicated and straight-forward, such as determining whether a
trainee can perform basic operations like turning windscreen wipers on
or off. Assessment is also necessary for evaluating performance when
carrying out complex operations, such as sailing a large oil tanker in
littoral waters (Sadler, 1989; Salas, Tannenbaum, Kraiger, & Smith-
Jentsch, 2012). Assessing trainees’ performance in complex situations
demands dedicated assessment methods for ensuring a valid and reli-
able determination of training outcomes (Marcano, Haugen, Sannerud,
& Komulainen, 2019).

The International Convention on Standards of Training,

Certification and Watchkeeping for Seafarers (STCW) dictates a need
for the qualified training and assessment of seafarers (STCW, 2011).
The introduction of full-mission bridge simulators is an apropos re-
solution to the sophisticated technological development seafarers ex-
perience onboard ships (Emad & Roth, 2008). These simulators enable
seafarers to acquire competencies in various maritime operations, such
as berthing, navigation, and pilotage, all in a safe and convenient set-
ting. However, recent research indicates a need to strengthen the va-
lidity and reliability of performance assessment methods for maritime
navigation (Ernstsen & Nazir, 2018a). One step might be to supplement
the maritime simulator training environment with a reliable and valid
assessment tool; for instance, through an elevated use of computer-as-
sisted assessment methods.

Human assessors are repeatedly prone to assessment bias and must
rely on articulated assessment criteria to improve their reliability
(Moorthy, Munz, Sarker, & Darzi, 2003). The biases that can impact
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assessment are, for instance, 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 affect what
information is retrieved and evaluated (Nisbett & Wilson, 1977a).
However, these types of biases also enable human assessors to be
creative by transferring and fitting domain knowledge across training
operations and situations. This creativity and flexibility of human as-
sessors are, in addition to having reliable and valid assessments, in-
valuable in the pursuit of safer maritime navigation.

The critical navigational phases are the first and last legs of a
voyage. In most instances, these legs require the use of a maritime pilot,
who collaborates with the ship’s crew in sailing through littoral waters,
unpredictable weather and currents, a high density of skerries and
traffic, when pilotage operations are complex and high-risk (Andresen,
Domsch, & Cascorbi, 2007; Darbra, Crawford, Haley, & Morrison,
2007). However, while most pilotage operations are carried out safely,
pilotage accidents, such as Federal Kivalina, Crete Cement and MS
Godafoss (Accident Investigation Board, 2010b, 2010a, 2012), and the
recent collision of Helge Ingstad and Sola TS along the Norwegian coast
in November 2018 (Accident InvestigationBoard, 2018), suggest a need
for improvement. This claim is supported by research indicating that
proper skills, teamwork, and collaboration are imperative for main-
taining and increasing the safety pilotage operations (Flin, O’Connor, &
Mearns, 2002; Hetherington, Flin, & Mearns, 2006; Norros, 2004, p.
197). Finally, research on the complexity, risks, and demands asso-
ciated with maritime navigation, e.g., Celik (2009) and Vederhus,
Ødegård, Nistad and Håvold (2018), also stimulate further research on
improving the safety in these operations. A suggested next step to safer
navigation, then, is the development of a framework for assessing the
performance of navigation training in full-mission bridge simulators
(O’Connor, 2011; Sellberg, 2017).

1.1. Research purpose and questions

The overall purpose of this research was to investigate the validity
and reliability of an assessment tool intended to reduce the assessor’s
subjective influence (e.g., biases) in the evaluation of maritime pilotage
operations in full-mission bridge simulators. The assessment tool was
constructed as a Bayesian Network (BN) in which the relationships were
weighted following the Analytical Hierarchy Process (AHP) and func-
tions as a computer-assisted performance assessment (CAPA) tool.

The proposed CAPA-tool was examined by carrying out a between-
study experiment with expert navigator assessors, in which the control
group used a conventional assessment method and the experiment
group employed the CAPA-tool. Both experiment conditions were as-
sessing the performance of the same pre-recorded maritime pilotage
scenario. The research was structured along with the following three
research questions (RQ):

1.1.1. RQ 1: What is the interrater reliability of the assessment tool?
An ambition for the proposed assessment tool (as with all mea-

surement tools) is to achieve respectable reliability across raters re-
sponse to the observed variables. Research question 1 is explored by
comparing the responses across all participants employing the CAPA-
tool and calculate their agreement (corrected by chance agreement).
The interrater results and interpretation are presented and subsequently
discussed in relation to maritime performance assessment in simulators.

1.1.2. RQ 2: What is the absolute reliability of the assessment tool compared
to conventional assessment?

Absolute reliability relates to the overall variation in the

performance assessment between the raters (irrespective of their re-
sponse to the observed variables). This metric is sample-independent
which enables the comparison of reliability between the CAPA-tool and
the reliability of the conventional tool. Three dimensions of the CAPA-
tool’s absolute reliability is calculated: teamwork performance assess-
ment, technical performance assessment and total (i.e., both teamwork
and technical) performance assessment.

1.1.3. RQ 3: What is the criterion validity of the assessment tool compared
to conventional assessment?

The criterion validity relates to the potential of the tool to reproduce
similar results as other robust tests. This research question will be
evaluated by comparing the CAPA-tool results to a pre-defined bench-
mark that was based on a comprehensive evaluation of the entire ex-
periment scenario.

In the upcoming background section, the fundamentals of maritime
pilotage operations, AHP and BN are described. Then, a description of
the qualitative and quantitative features of the CAPA-tool is presented.
Subsequently, the methods used for collecting and analysing the relia-
bility and validity data for the current research is reported. The paper
concludes with a presentation and discussion of the findings.

2. Background

2.1. Fundamentals of maritime pilotage operations

Maritime pilots are experienced seafarers with local expertise. They
play essential role in ensuring the safe navigation of ships in their care.
Moreover, they work towards ensuring that local interests, such as
pollution and noise concerns, are respected during the voyage. The
pilots must perform complex navigational procedures while collabor-
ating closely with the ship’s crew who are unfamiliar to the pilots
(Darbra et al., 2007). The main tasks for the bridge team in a pilotage
operation can be broken down as piloting, navigating, steering and
surveillance (Ernstsen & Nazir, 2018b; Norros, 2004, p. 185). Please see
Fig. 1 below. Two main branches of pilotage, then, are teamwork
competencies and navigational competencies.

2.2. Fundamentals of the analytical hierarchy process

The AHP is an effective method in which paired comparison is used
to derive a ratio scale from various choices. It was initially developed
by Thomas L. Saaty in the 1970s and used as a structured technique to
aid and analyse complex decisions in relation to choices, ranking,
prioritisation, resource allocation, benchmarking, quality management
and conflict resolution. It has also been used in combination with BN,
e.g., Fu and Delcroix (2011). Although qualitative methods are a
powerful means of representing and analysing phenomena in complex
environments, it remains a challenge to generate indicators based on
qualitative data (Manca, Nazir, Colombo, & Kluge, 2014). AHP is the
result of an attempt to measure both the physical and psychological
realms of reality without compromising either. The pairwise distribu-
tion of AHP helps to capture both the subjective and objective aspects of
a decision by allowing for dependence and for feedback while making
numerical trade-offs in synthesising the result (R. W. Saaty, 1987).

The procedure for the AHP can be broken down into segments. This
involves modelling the problem as a hierarchy containing decision
goals, establishing priorities among the elements based on judgments,
checking the consistency of judgments and finally taking a decision
based on the result (T. L. Saaty, 1990). A general rule is that the hier-
archy should be complex enough to capture the situation, but small and
nimble enough to be sensitive to changes. Please see Fig. 2 for an
overview.

2.2.1. The three steps of AHP:
(1) Computing the vector of criteria weights: When using the AHP, one

J. Ernstsen and S. Nazir Safety Science 129 (2020) 104775

2



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, when con-
structing the matrix (T. L. Saaty, 2008), as shown in Table 1 below.

(2) Computing the matrix of option scores: The pairwise option eva-
luations 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
a 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 de-
creasing order.

2.3. Fundamentals of the Bayesian network

The BN is a probabilistic model that represents an interaction of
random variables in a directed acyclic graph and conditional

Fig. 1. Hierarchical and sequential structure of the navigation and steering tasks for the bridge team in piloting situations (adapted from Norros, 2004).

Fig. 2. Criterion modelling in AHP.

Table 1
List of weights criteria (T. L. Saaty, 2008).

Value Definition Explanation

1 Equal importance Identical contribution
3 Weak importance Slightly superior judgment
5 Strong importance Strongly judgment in favour
7 Very strong importance Recognised dominance
9 Absolute importance Confirmed dominance
2,4,6,8 Intermediate values When compromise is needed
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probability tables (Pearl, 2014). It is a combination of nodes that re-
present the performance indicators of interest, and arcs that represent
the relationship between the nodes. It is also commonly used for as-
sessment, see e.g., Millán, Descalço, Castillo, Oliveira and Diogo
(2013), and Musharraf et al., (2013). The graphical representation of
the network is a qualitative composition that can be theoretically de-
rived. Empirical indicators are observable variables, whereas the per-
formance indicators are higher-order non-observable indicators.

The qualitative part of a BN can be developed through theoretical
input, task analyses, content analyses or other forms of qualitative
input. The network shows how a node is connected to another node in
the operation, such as a main task. Its parent and child nodes, such as
sub-tasks, can together represent important steps of the operation. The
qualitative aspects of the BN are subjective and thus prone to limita-
tions associated with subjective research methods, such as observation
bias, expectancy bias and selection bias.

The quantitative part comprises a focus on the relationship between
the variable. Two types of probabilities need to be quantified: the prior
probabilities of the independent variables (i.e., root nodes, empirical
indicators, initial criteria) and the conditional probabilities of the de-
pendent variables. This indicates the probability of each child nodes
(dependent variable) for every state of its parent (directly dependable
variable). The quantitative part can be both subjective and objective
(e.g., based on statistics or weighted using multi-criteria decision-
making tools).

Information about these probabilities enables the researchers to
calculate the probabilities of the network’s child nodes. If there are n
variables X1, X2 …, Xn in the network, and Pa(Xi) is the set of parents for
each variable, and can then calculate the joint probability for the entire
BN using Equation (1). The discrete conditional probability of ΧI, given
its parents, is P(Χi |Pa(Χi)).

∏⋯ =
=

P P Pa(X , X ,X ) (X | (X ))n
i

n

i i1 2
1 (1)

3. Computer-assisted performance assessment (CAPA) tool

This section describes the proposed CAPA-tool that is being ex-
amined in this research. The qualitative features of the assessment tool
refer to the theoretical background supporting its structure. Five di-
mensions of variables organises the CAPA-tool: teamwork variables,
technical variables, as well as variables related to installing the pilot on
the bridge, berthing this ship and external factors. Scoring from these
dimensions comprise the total performance score. The quantitative
features refer to the relationship between the factors, represented by
AHP weights. Together, the qualitative and quantitative features con-
struct the structural probabilistic network that is investigated in the
current study.

3.1. Variables in the CAPA-tool

3.1.1. Teamwork variables
Teamwork is imperative for any collaborative performance. The

factors representing teamwork competencies in the assessment tool are
underpinned by research on the topic. Teamwork research such as Salas
et al., (2005) and Rafferty et al., (2010) have been further investigated
in the context of pilotage operations (Ernstsen & Nazir, in review). In
this work, four critical teamwork factors - communication, coordina-
tion, cooperation and shared mental models - were operationalised into
sub factors, which was necessary for a richer understanding the con-
struct. Moreover, it helped to assemble the empirical performance in-
dicators (i.e., behavioural markers) of the assessment tool presented in
this report. All teamwork variables are described in Table 2 below and
their graphical composition are shown in Fig. 3.

3.1.2. Technical variables
Technical competency is comprehensibly covered by wide range of

performance assessment tools, and protracted work was done to iden-
tify empirical indicators of seaferer’s technical competency. For in-
stance, performance indicators were adopted from expert navigator’s
experience of teaching and educating students using full-scale maritime
simulators. It was important to respect the competence measures em-
ployed over the years concerning the technical variables, while still
pushing the reliability and validity even further. In order to achieve
this, three approaches were used: workshops with subject matter ex-
perts, adaptations of existing tools for assessing technical competencies,
such as professional and commercial assessment protocols, and, lastly,
task decomposition based on expert interviews. Thus, the technical
indicators were premised on information combined from the three
sources. Please see Table 3 below for a description of each performance
indicator and examples of their respective empirical indicators and
Fig. 4 for their graphical composition.

3.1.3. Variables for pilot instalment
Installing the pilot is the process of incorporating the pilot safely

and efficiently into the team. Those indicators for installing the pilot
concern whether one has ensured that he or she has safely boarded the
ship (e.g., give correct speed and course to the pilot boat), but also
comprise performance indicators for soft skills, such as greeting the
pilot appropriately on the deck. See Table 4 below for the variables for
pilot instalment and Fig. 5 for the graphical representation.

3.1.4. Berthing variables
Berthing pertains to the process of getting the ship safely alongside

the port. The performance indicators for berthing relate to positioning
the ship accurately, adjusting speed and course correctly, awareness of
tugs (if relevant), and performing critical checks prior to berthing, such
as checking whether the thrusters are functioning. See Table 5 for the
berthing variables and Fig. 6 for the graphical representation.

3.1.5. External factors
The last dimension of variables pertains to the external factors. The

ones that are assessed are time pressure, traffic, and weather and hy-
drodynamic forces. These factors are considered outside the control of
the bridge team and serve as adjusting factors in the performance score.
That is, a higher impact of external factors provides a weighed boost
towards the final performance score. See Table 6 for the variables in-
cluded as external factors and Fig. 7 for the graphical representation.

3.2. Relationship between variables

There are two types of probabilities that must be quantified in a BN:
the prior probabilities of independent variables and the conditional
probabilities of the dependent variables. For the CAPA-tool, the prior
probabilities refer to the empirical indicators’ measures, whereas the
conditional probabilities refer to the weight assigned each relationship
between the performance indicators and between the performance in-
dicators and the empirical indicators. The prior probabilities are col-
lected by the raters when observing the operation, while the conditional
probabilities are theoretically or statistically defined based on AHP. The
conditional probabilities are used to specify the probability for each
dependent variable (e.g., to score the information exchange perfor-
mance indicator). This is done for every state of its directly dependable
parent variable (e.g., to further give a score to the high-level commu-
nication variable).

3.2.1. Relationship between the parent and child nodes
The empirical indicators are the parent nodes and the higher order

performance indicators are their respective child nodes. The empirical
indicators serve as the checks that are evaluated by the raters. All the
main empirical indicators are binary, either yes or no. However, there
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are also two special indicators for grading visibility and traffic density,
which have three response alternatives. The majority of the empirical
indicators are formulated as yes or no, with the purpose of making the
interpretation less ambiguous: either the condition is accepted or re-
jected. However, this formulation does make it difficult at times for the
rater to make a determination because the operation could have dif-
fering situations, rendering a condition acceptable at one part of the
voyage and unacceptable at a later leg. Placing the responsibility on the
rater to correctly conclude whether the overall performance is sa-
tisfactory or not was intended to provide the rater with a degree of
flexibility when assessing the performance.

The empirical indicator input from the raters is the prior probability
for the child nodes. The child nodes of the empirical indicators are the
performance indicators. The conditional probability tables for the child
nodes are pre-weighted using the AHP method.

The relationship, thus, was derived from interviews with experi-
enced navigators, in which they pair-wised compared each indicator’s
impact on a variable. In Table 7 below, the variable “berth positioning”
is operationalised as “bridge informed of port requirements”, “deck

crew informed of berthing procedure, and “berth roles clarified”. The
weights are derived from the pair-wise comparison process and are
shown in the table below. The same process was carried out for all
variables.

The next step was to calculate the conditional probability based on
the weights derived from the AHP. Using the same example as above:
the variable “berth positioning” receives a full score when all of its
empirical indicators are assessed as true (B1-B3 = True). Similarly, the
same variable receives a score (or weight) of 0.61 if only indicators B2
and B3 are assessed as true and B1 is false. The 0.61 is calculated by
adding the weight of B2 and B3. The same process was carried out for
all the hierarchical levels. In Table 8, a conditional probability table
(CPT) used for berth positioning is provided as an example. Please note
that the B1-3 correspond to the ID used in the figures above.

A complete causal model was developed by combining the causal
dependencies as shown in the graphical representations above. Using
the causal model (the CAPA-tool), the assessors can infer what they
cannot see (higher level variables in the model) based on the variables
they can more easily see (the empirical indicators).

Table 2
Teamwork variables, background references, associated empirical indicators and lower-ranking indicators.

ID Variables level 2 Background references Empirical indicators (level 1)

PI 1 Information exchange Smith-Jentsch, Zeisig, Acton, and McPherson (1998); McIntyre and
Salas (1995); Ernstsen and Nazir (in review), Norros (2004)

T1: Is the correct information shared in a timely matter?

PI 2 Phraseology Wilson, Salas, Priest, and Andrews (2007); Ernstsen and Nazir (in
review)

T2: Is the proper terminology used?
T3: Are com. technologies used appropriately? E.g., VHF or UHF.
T4: Is the proper terminology used?

PI 3 Team orientation Jordan, Jensen, and Terebinsky (1963), Wagner (1995), Eby and
Dobbins (1997), Ernstsen and Nazir (in review), Norros (2004)

T9: Can you observe behaviour that is not relevant for the operation, but
helpful for team chemistry? E.g., supporting comments.

PI 4 Mutual trust Wilson, Salas, Priest, and Andrews (2007), Ernstsen and Nazir (in
review), Norros (2004)

T10: Can you observe that team-members trust that other members have
the required competencies?
T11: Can you observe that team-members welcomes feedback from
each-other?

PI 5 Shared mental models Converse, Cannon-Bowers, and Salas (1993), Ernstsen and Nazir (in
review), Mathieu et al., (2014), Norros (2004)

T5: Does the team in general have a shared understanding of how to
solve tasks?

PI 6 Back-up behaviour Oser, McCallum, Salas, and Morgan, 1989; Prince and Salas (1993);
McIntyre and Salas (1995), Ernstsen and Nazir (in review)

T6: Are team-members sufficiently assisting each-others?

PI 7 Mutual performance
monitoring

Rafferty, Stanton, and Walker (2010), Ernstsen and Nazir (in
review), Norros (2004)

T8: Are team members clear about their responsibilities?

ID Variables level 3 Background references Lower-ranking indicators
KPI 1 Communication Salas, Sims, and Burke (2005); Rafferty, Stanton, and Walker

(2010), Ernstsen and Nazir (in review), Norros (2004)
Cooperation, Phraseology, Information exchange

KPI 3 Cooperation Eby and Dobbins (1997), Salas, Sims, and Burke (2005), Webber
(2002), Norros (2004)

Mutual trust, team orientation

KPI 2 Coordination Entin and Serfaty (1999); Rafferty, Stanton, and Walker (2010),
Ernstsen and Nazir (in review), Norros (2004)

Mutual performance monitoring, back-up behaviour, shared mental
models

ID Variables level 4 Background references Lower-ranking indicators
N/A Teamwork Salas, Sims, and Burke (2005); Rafferty, Stanton and Walker (2010),

Ernstsen and Nazir (in review), Norros (2004)
Coordination, cooperation and communication

Fig. 3. Graphical representation of the teamwork variables. ID in table 2 corresponds with the ID in this figure.
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The final performance score is ultimately calculated based on the
operational performance adjusted by the raters’ interpretations of the
external impact, in which heavier external impact on the performance
corrects the performance rating in favour of the team being evaluated.
The network was created using BayesiaLab™ 8.1 software, which en-
ables the user to graph and model the conditional probability tables
within the program.

3.3. Reliability and validity considerations

Observed performance is considered partly true and partly mea-
surement error (where measurement errors can be further broken down
into systematic and random errors). Reliability is widely defined but is
commonly considered as having zero measurement error. One suitable
definition of the term can be the consistency of measurements of an in-
dividual’s performance on a test (Safrit & Wood, 1989). Practically
speaking, however, some measurement error will always be present;
thus, reliability is often considered to be the amount of measurement
error deemed acceptable for the effective and practical use of a mea-
surement instrument (Atkinson & Nevill, 1998).

Many terms are used interchangeably for reliability: e.g.,

repeatability, reproducibility, consistency, agreement, concordance and
stability. Moreover, reliability needs to be investigated from different
perspectives, depending on its use, e.g., reliability between items in a
questionnaire, reliability (often using the ‘agreement’ term) between
raters, or reliability (often using the antonym ‘variability’) of a mea-
surement (Kimberlin & Winterstein, 2008). The latter two are of interest
for determining the reliability of the presented assessment tool and
corresponds to research question 1 and 2, which are presented in a
subsequent section of the paper.

Validity must also be evaluated. This refers to the ability of the
measurement tool to achieve its intended outcomes (Atkinson & Nevill,
1998), which is important in terms of enabling the measurement’s
stakeholders to trust its results (Cook & Hatala, 2016). There are dif-
fering frameworks for delineating validity. Three types of validity,
however, are repeatedly acknowledged in various frameworks and are
portrayed as the classic three types of validity: content validity, con-
struct validity and criterion validity (Cook & Hatala, 2016). The same
paper delicately defines the three concepts further: Content validity
refers to the test items, i.e., the content, of a measurement and how well
it is able to represent the construct that is being measured. Evidence of
content validity is established by being transparent about the

Table 3
Technical variables, background references, associated empirical indicators and lower-ranking indicators.

ID Variables level 2 Background references Empirical indicators (level 1)

PI 1 Ship’s speed Norros (2004), Ernstsen and Nazir (2018b), Subject matter
expert (SME) work meetings

N1: Can you observe the correct use of speed for most part of the operation?
N2: Can you observe the correct use of the throttle for most part of the operation?

PI 2 Ship’s course Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N3: Does the bridge team use the course and heading correctly for most part of the
operation?
N4: Can you observe correct use of steering/rudder control for most part of the
operation?

PI 3 Sideway propulsion Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N5: Does the bridge crew correctly utilise propulsion from thruster and/or tugs when
relevant?

PI 4 Lookout Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N6: Does the bridge team ensure appropriate lookout?

PI 5 Navigation instruments Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N7: Is the RADAR for the most part used active and efficiently?
N8: Is the ECDIS for the most part used appropriately?

PI 6 Route planning Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N9: Does the crew and pilot review the route appropriately?
N10: Does the bridge team agree to the route plan and are potential hazards that are
informed by the pilot accounted for?

PI 7 Informing VTS Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

N11: Does the bridge team notify VTS about the route plan?
N12: Does the bridge team notify VTS about the final route plan?

ID Variables level 3 Background references Lower-ranking indicators
KPI 1 Ship handling Norros (2004), Ernstsen and Nazir (2018b), SME work

meetings
Ship’s speed, ship’s course, sideway propulsion

KPI 2 Ship position overview Norros (2004), Ernstsen and Nazir (2018b), SME work
meetings

Lookout, RADAR and ECDIS

KPI 3 Navigation awareness Norros (2004), Ernstsen and Nazir (2018b) Ship position overview and route establishment
KPI 4 Route establishment Norros (2004), Ernstsen and Nazir (2018b), SME work

meetings
Route planning, Informing VTS

ID Variables level 4 Background references Lower-ranking indicators
N/A Navigation Norros (2004), Ernstsen and Nazir (2018b) Ship handling, navigation awareness

Fig. 4. Graphical representation of the teamwork variables. ID in table 3 corresponds with the ID in this figure.
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development of the items. Construct validity means to assess whether
the scores vary as expected and thus explain variation in the underlying
construct from which the items are operationalised. Evidence for con-
struct validity can be factor analyses, stability over time and expert-
novice comparisons. Lastly, criterion validity refers to the measure-
ment’s correlation with other ‘true’ measures of the construct. Evidence
is thus the score’s correlation with a definitive standard. Please see
Table 9 below for an overview of how validity considerations are and
will be addressed for the proposed assessment instrument.

The CAPA-tool was investigated following research questions 1–3.
The material and methods used to investigate the important reliability
and validity considerations of the CAPA-tool are presented in the next
section.

• RQ 1: What is the interrater reliability of the assessment tool?

• RQ 2: What is the absolute reliability of the assessment tool com-
pared to conventional assessment?

• RQ 3: What is the criterion validity of the assessment tool compared
to conventional assessment?

4. Materials and methods

4.1. Participants and sampling

Senior expert navigators (n = 16) were recruited from two mar-
itime academy institutions in Scandinavia to act as assessors in a na-
vigation assessment experiment. The participants were recruited from
the researchers’ professional network. Working in connection to navi-
gation assessment was an absolute inclusion criterion for ensuring that
the participants were knowledgeable about performance assessment.
Demographic data regarding their teaching and education history was
collected, in addition to their professional sailing experience. The par-
ticipants were pseudo-randomised into the experiment condition and
the control condition, i.e., it was ensured that the groups were equally
represented, but randomised who was put into the respective groups.
This was necessary for the specialised (and limited) pool of participants.
All of them received and signed an informed consent form explaining
the purpose of the study and their rights as participants with regards to
data protection and handling. The Norwegian Centre for Research Data
approved the collection and storage of the relevant research data.

Table 4
Pilot instalment variables, background references, associated empirical indicators and lower-ranking indicators.

ID Variables level 2 Background references Empirical indicators (level 1)

PI 1 Pilot boat adjustments Norros (2004), Ernstsen and Nazir
(2018b)

I1: Has the crew communicated course and speed with the pilot boat?
I2: Is the side to board the pilot communicated with both the deck crew and the pilot boat?

PI 2 Inform ship condition Norros (2004), Ernstsen and Nazir
(2018b)

I3: Does the bridge team discuss pilot cards with the pilot?
I4: Does the bridge team and the pilot discuss the ship’s condition?

PI 3 Pilot access navigation instruments Norros (2004), Ernstsen and Nazir
(2018b)

I5: Can you observe that the pilot and the ship’s bridge crew allow enough on-board
instruments for the pilot?
I6: Does the pilot connect to the ship via the pilot plug?

PI 4 Officer greeting pilot Norros (2004), Ernstsen and Nazir
(2018b)

I7: Is an officer greeting the pilot?

PI 5 Bridge is prepared properly Norros (2004), Ernstsen and Nazir
(2018b)

I8: Has the crew prepared the bridge for welcoming the pilot accordingly?
I9: Is there prepared a snack for the pilot? E.g., coffee, lunch

ID Variables level 3 Background references Lower-ranking indicators
KPI 1 Pilot safe and timely onboard Norros (2004), Ernstsen and Nazir

(2018b)
Pilot boat adjustments

KPI 2 Pilot information about ship Norros (2004), Ernstsen and Nazir
(2018b)

Inform ship conditions, pilot access navigation instruments

KPI 3 Proper welcoming the pilot Norros (2004), Ernstsen and Nazir
(2018b)

Officer greeting pilot, bridge is prepared properly

ID Variables level 4 Background references Lower-ranking indicators
N/A Pilot instalment Norros (2004), Ernstsen and Nazir

(2018b)
Pilot safe and timely, pilot information ship, proper welcoming the pilot

Fig. 5. Graphical representation of the teamwork variables. ID in table 4 corresponds with the ID in this figure.
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4.2. The simulator used for pre-recording the scenario for assessment

K-Sim™ is a full-scale maritime navigation simulator that consists of
six widescreen monitors that imitate the view out from the bridge, and
realistic instruments and panels in a 1:1 aspect to preserve a realistic
and immersive representation of navigating on a ship’s bridge. The
instruments covered in the simulator were the rudder, throttle, azi-
muth, and thruster controls, as well as an electronic chart display and
information system (ECDIS) and RADAR for navigational control. Also,
the course, rate of turn and speed (over ground and water) were present
in the conning display. For communication, a very high frequency
(VHF) radio and ultra-high frequency (UHF) radio were available on the
bridge. Finally, an analogue map was also accessible to the navigators.
Five actors were at the bridge, representing the captain, pilot, lookout,
navigator and helmsman for the pre-recording of the maritime scenario.

4.3. Remote assessment station setup

The assessment station had limited access to the data recorded in
the simulator compared to being present in the simulator in real time.
The limited access to data was a calculated compromise to make it
possible to export the recorded scenario out of the simulator environ-
ment. This assessment setup was beneficial for getting external

Table 5
Berthing variables, background references, associated empirical indicators and lower-ranking indicators.

ID Variables level 2 Background references Empirical indicators (level 1)

PI 1 Berth positioned Norros (2004), Ernstsen and Nazir (2018b) B1: Does the bridge crew know where and how to approach the port?
B2: Does the deck crew know how the ship will approach the port?
B3: Is there a unified understanding of who will be doing what during berthing?

PI 2 Speed and course proper for berthing Norros (2004), Ernstsen and Nazir (2018b) B6: Is the speed and course appropriately adjusted for the port approach?
PI 3 Sideway propulsion check Norros (2004), Ernstsen and Nazir (2018b) B4: Has the crew and pilot checked that the thrusters are functioning?

B5: Is the crew aware of tugboats availability and capabilities?
ID Variables level 3 Background references Lower-ranking indicators
N/A Berthing Norros (2004), Ernstsen and Nazir (2018b) Berth positioned, speed and course proper, sideway propulsion check

Fig. 6. Graphical representation of the teamwork variables. ID in table 5 cor-
responds with the ID in this figure.

Table 6
External factors variables, background references, associated empirical indicators and lower-ranking indicators.

ID Variables level 2 Background references Empirical indicators (level 1)

PI 1 Traffic density Norros (2004), Ernstsen and Nazir (2018), SME work meetings E5: How do you interpret the traffic density in its entirety? (little, normal, heavy).
PI 2 Interfering traffic Norros (2004), Ernstsen and Nazir (2018), SME work meetings E3: Is traffic making navigation difficult?
PI 3 Time complexity Norros (2004), Ernstsen and Nazir (2018), SME work meetings E4: Are there time constraints?
PI 4 Visibility Norros (2004), Ernstsen and Nazir (2018), SME work meetings E6: How do you interpret the visibility in its entirety? (Normal, limited, zero).
PI 5 Weather on ship-handling Norros (2004), Ernstsen and Nazir (2018), SME work meetings E1: Is the weather making ship-handling difficult?

E2: Is the weather making berthing difficult?
ID Variables level 3 Background references Lower-ranking indicators
KPI 1 Traffic complexity Norros (2004), Ernstsen and Nazir (2018) Traffic density, interfering traffic
KPI 2 Weather complexity Norros (2004), Ernstsen and Nazir (2018) Visibility, weather on ship-handling
ID Variables level 4 Background references Lower-ranking indicators
N/A External factors Norros (2004), Ernstsen and Nazir (2018) Traffic complexity, weather complexity

Fig. 7. Graphical representation of the teamwork variables. ID in table 6 cor-
responds with the ID in this figure.

Table 7
Weight of the empirical indicators for the performance indicator “berth posi-
tioning”.

Performance indicator Empirical indicators Weight

Berth positioning B1: Bridge informed of port requirements 0.39
B2: Deck crew informed of berthing procedure 0.24
B3: Berth roles clarified 0.37

Table 8
A conditional probability table used for berth positioning.

B1 B2 B3 False True

False False False 1.0 0.0
True 0.63 0.37

True False 0.76 0.24
True 0.39 0.61

True False False 0.61 0.39
True 0.24 0.76

True False 0.37 0.63
True 0.0 1.0
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assessors, standardising the procedure, and enabling the assessors to re-
watch critical and unclear events (through rewind/forward). During the
setup of the assessment station, a close, continuous and iterative col-
laboration with the instructors and assessors was carried out to ensure
that the correct measures were taken to preserve sufficient assessment
integrity of the assessment station.

It was concluded that six data streams was required for a thorough
assessment of the scenario. This conclusion was based on thorough
working sessions with expert navigators in which the experts would
comment on the necessary data streams to represent the required in-
formation for assessing the scenario. The data streams are designed to
mimic the full-scale simulators.

The six streams of data were recorded and combined into a portable
video format, which required only two widescreen monitors in addition
to the computer that played the two video files to set up a functional
assessment station. The six streams of data included four screen re-
cordings (ECDIS, RADAR, bird’s eye instructor view and a third-person
3D view of the ship) and two bridge camera recordings (a front- and a
back-view video recording). Please see Fig. 8 below for the monitor
display setup.

An IP video management system (Milestone™) system combined
with a GoPro Hero 7™ was used to record the exercise, in addition to a
screen recording of the RADAR and the ECDIS displays. From the in-
structor’s station (located immediately outside of the bridge-simulated
environment), a third-person view of the vessel and a bird’s eye in-
structor (which included engine, propel and rudder information) view
was screen recorded as well.

4.4. The pre-recorded scenario to be assessed by the participants

All the participants (i.e. expert navigator evaluators) assessed a
prescribed scenario. The scenario was designed to incorporate the es-
sential features of a complex pilotage operation. It was designed in close
collaboration with an expert navigator, who was responsible for the
navigation aspect of the scenario, and with an expert simulator tech-
nician, who was responsible for running and setting up the full-scale
navigator simulator and parameters. The scenario was designed to re-
present a semi-optimal performance; for instance, the crew was told to
violate some critical aspects of the operation, such as not setting up the

RADAR properly.
The scenario was comprehensibly evaluated and designed by expert

navigator assessors to ensure that an answer key was ascribed to the
scenario. The answer key on a measure from 0 to 100 was considered to
be 75 by the expert evaluators. The expert evaluators had full access to
all information, to the scenario script, could discuss with each-other’s
and together consider that the scenario would be graded as 75 points
out of 100 points. Thus, 75 points was regarded as the benchmark for
comparing the experiment results (in which a closer to score 75 would
be better).

4.5. Experimental condition: CAPA-tool versus conventional assessment

The experimental condition was the group using the assessment
tool. The participants in the control group used a conventional assess-
ment questionnaire for assessing the navigation scenario. The partici-
pants in this group were asked to award a performance score of 0–100
for the bridge team’s teamwork performance, technical performance
and for their overall performance. By contrast, the experiment group
used the formalised CAPA-tool, which automatically derived the per-
formance scores based on the assessor’s input.

4.6. Experiment procedure

All of the participants were initially briefed about the experiment’s
purpose. They were given an opportunity to ask questions if they re-
quired any further clarification of expectations with regards to their
assessment. They were then given an informed consent form with es-
sential aspects concerning the recording of data and other anonymity
considerations. This form also contained a description of the general
purpose of the data collection.

Then the participants were provided standardised information
about the navigation scenario and the assessment tools and sheets. First,
a standardised and comprehensive form was handed to each participant
to ensure a shared understanding of the experimental scenario. They
received information concerning the actors, and the prior information
and preparation they had access to, as well as the ship’s starting con-
dition (such as speed over water, course and relative position to the
incoming pilot boat). Synchronously, the researcher’s presented the

Table 9
Summary of reliability and validity examined for the presented assessment tool.

Type of validity Summary of considerations described earlier in the paper

Inter-rater reliability The inter rater reliability of the empirical indicators is investigated in the current study. Reflected in RQ 1.
Absolute reliability The absolute reliability is investigated in the current study. Reflected in RQ 2.
Construct validity Construct validity will be investigated in a dedicated study that is based on a larger dataset.
Content validity This type of validity is theoretically supported by earlier research, e.g., Norros (2004) and Ernstsen & Nazir (in review).
Criterion validity This is investigated in the current study, reflected in RQ 3.

Fig. 8. Setup of the video screens. The left screenshot corresponds to instruments available on the bridge. Top left: ECDIS. Top right: RADAR. Bottom: Outward view
(recorded using GoPro). The right screenshot corresponds to instruments available to the instructor. Main picture: Instructor tool, which contains mostly navigational
information. Top left: Bird’s eye view of the ship. Bottom left: Front-facing view of the personnel.
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instructor, trainee, and assessment sheets, which contained information
about the hypothetical training situation and learning outcomes re-
levant to the scenario. However, the experiment group received an
amended version of the assessment sheet. The amended version re-
placed the conventional ‘checklist’ with the performance indicators in
the CAPA-tool. Please see Fig. 9 for an overview of the experiment
process.

Furthermore, the experiment group was informed about using the
CAPA-tool, such as that it relies on binary responses, how they could
take notes, and how their input would be further processed as part of an
expert-weighted hierarchy of performance indicators. They were given
the opportunity to ask further questions to clarify this.

The participants were finally informed about the use and func-
tionalities of the assessment station. It was emphasised that they were
free to take breaks when needed and that they were free to rewind/
forward wind as they saw fit (e.g., with the purpose of re-watching
critical and unclear events). Then, the two groups were given separate
information regarding how to provide feedback. The group using the
CAPA-tool were given brief instructions and information about the
calculation procedure (i.e., its structural probability properties) of the
tool so that they understood the rationale behind the binary questions
posed in their assessment sheet. The control group was requested to
provide feedback for each phase freely and to conclude with a final
assessment score ranging from 0 to 100.

After the latter, the final set up was completed and personal ad-
justments were made to the assessment station (e.g., position of the
monitor, height of chair, lighting). Both groups commenced the as-
sessment activity by pressing the play button on the video screen. The
researchers ensured that the experiment was initiated correctly before
leaving the room with the assessment station, letting the assessors to
provide their inputs anonymously without being monitored. The ex-
periment group provided their inputs in a printed form, in which they
checked for ‘yes/no’. The control group, on the other hand, was asked
to provide their assessment in whichever way they preferred but pro-
viding a score from 0 to 100.

Following the final assessment, a debrief was conducted with the
participants, enabling them to discuss their experiences of assessing the
scenario. An exit interview was conducted in relation to a parallel re-
search study concerning the use of limited access to assessment data.

4.7. Internal validity of the experiment

It was important to ensure that the assessment conditions and en-
vironments were the same for all the participants. The only changing
variable was the experimental condition (i.e., the CAPA-tool).
Moreover, for this experiment, it was necessary to supply the partici-
pants with the same information. Thus, the study relied on written
documentation for much of the briefing. However, the participants did
have other questions, so the researchers explicitly told them that they
could ask questions whenever needed. The researchers would, however,

not answer questions related to the operation itself. For instance, some
participants asked about the roles acted out on the bridge. In such cases,
it was responded with ‘I’m sorry, but I cannot comment on that’.
Another consideration for internal validity was to ensure that the re-
sponses from the assessors were fully anonymous so that the assessors
would not be anxious about giving unfitting performance ratings.

4.8. Data analysis

4.8.1. Research Question 1:
To investigate research question 1, Krippendorff’s nominal alpha

was calculated for all the raters in the experimental conditions (Hayes &
Krippendorff, 2007). Agreement on all inputs was evaluated. The cal-
culations were done using the online ReCal tool (dfreelon.org).

4.8.2. Research Question 2:
Three dimensions for this research question was investigated: the

technical score, the teamwork score and the total score. The coefficient
of variation (CV) was then compared for each group and each dimen-
sion. The CV indicated the dispersion of the scoring between the two
groups, where a higher CV translated to more dispersion among the
raters. While the standard deviation might provide the same informa-
tion, the CV makes it easier to compare the measurements because it
takes the proportion of the mean into account. Furthermore, since the
raters were assessing one case only, the commonly employed intraclass
reliability coefficient (ICC) was improper because it is a function of
both within and between rater variations; thus, the standard error of
measurement is as well (Atkinson & Nevill, 1998).

4.8.3. Research Question 3:
The criterion (concurrent) validity was investigated by comparing

the average deviation from the benchmark, which was defined during
the design of the experiment. The closer to the standard, the better
evidence for the criterion validity of the tool. A one-sample T-test was
run for both groups to assess the likelihood that the average deviation
was due to chance (with the alpha level set 0.05). However, the small
sample size and failure to meet normality considerations necessitate
careful interpretations of the t-value (elevated risk of type 2-errors). For
this case, a non-significant p-value provides support for the construct
validity (cannot statistically rule out an average score of 75).

5. Results

It was found that the CAPA-tool’s technical dimension could reliably
reproduce a performance score and is considered an improvement
compared to the conventional assessment group in this study. However,
more research and development are required for reproducing reliable
scoring of teamwork variables and the total performance score. At the
same time, the results from the study suggests that the CAPA-tool shows
promising results concerning inter-rater reliability and validity of the
tool, but more research is suggested to further address this issue. Details
are provided below related to each of the research questions.

Fig. 9. An overview of the experiment process.
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5.1. Performance assessment scores of the navigation scenario

The results of all the participants from both groups are provided in
Table 10 below. The results for the technical and teamwork variables
are provided, as well as the overall performance scoring.

The results from one of the CAPA-tool assessments are provided in
Fig. 10 as an example. The final score in this event is 0.64. As men-
tioned, the benchmark score was 0.75, suggesting that the assessor
using the CAPA-tool had a deviation of 0.11. Furthermore, the perfor-
mance assessment for each of the dimensions can be evaluated by re-
ferring to the graphical representation.

5.2. RQ1: What is the inter rater reliability of the assessment tool’s items?

The inter rater reliability was determined as fair (Krippendorff’s
nominal alpha (α) = 0.31) after excluding chance. For the inter rater
analysis, there were nine coders (i.e., nine participants in the experi-
ment group), 47 cases (i.e., each individual’s scoring of the empirical

performance indicators) with a total of 409 decisions since there were
14 missing inputs from the assessors. This is not considered satisfactory
because it implies too much variation among the raters, α = 0.67 is a
suggested minimum agreement (Krippendorff, 2018). At the same time,
the α= 0.31 might suggest a step in the right direction, considering the
complexity associated with assessing maritime pilotage operations. The
assessment data from the conventional group did not provide details
with regards to the empirical indicators and could thus not be com-
pared with the experimental group.

5.3. RQ2: What is the absolute reliability of the assessment tool compared to
conventional assessment?

The CV was compared for the three dimensions’ technical score,
teamwork score and total score. As shown in Table 11 below, the dis-
persions found for the total scores were 31% for the experiment group
and 36% for the control group. For the technical score, 14% and 50%
dispersion was found for the experiment group and control group

Table 10
Scoring for each participant for each of the experiment groups.

CAPA-tool group Conventual assessment

Participant Technical Teamwork Total Participant Technical Teamwork Total

1 57.7 12.5 32 1 51 55 55
2 52.5 50.2 43.5 2 30 30 50
3 58.2 39.6 37.6 3 20 25 25
4 53.5 0 20.2 4 33 60 46.5
5 67.3 58.2 52.1 5 30 35 30
6 67.4 45 50.8 6 52 48 50
7 78.5 73.7 63.5 7 40 20 40
8 57.6 29.5 39.8 8 90 70 80
Mean score 61.6 38.6 42.4 Mean score 43.3 42.9 47.1

Fig. 10. Results from one of the CAPA-tool assessments.
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respectively. Lastly; for teamwork, a 62% and 42% dispersion was
found for the experiment and the control group respectively.

The absolute reliability of the CAPA-tool is therefore considered
better for both assessing the total score and for assessing the technical
score compared to using the conventional assessment methods.
However, for teamwork assessment, the conventional method was
higher compared to the CAPA-tool (although unacceptably high for
both methods).

Interpreting and extrapolating the meaning of the CV is difficult,
and there is an arbitrary convention of having an analytical goal for the
CV of less than 10%. However, this must be considered on a discipline
basis, suggesting, therefore, that in the current domain, an assessment
CV of 14% for the technical score supports the reliability of the as-
sessment tool on these dimensions. For the total score, with a CV as
high as 31%, further discussions are necessary. For the teamwork score,
the CV is unacceptably high.

5.4. RQ3: What is the criterion validity of the assessment tool compared to
conventional assessment?

The mean deviation from the benchmark was 32.56 (CAPA-tool)
and 29.19 (conventional method). This deviation was significantly
different from the benchmark 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 study therefore fails to
support the criterion validity of the tool.

6. Discussion

In this paper a maritime assessment tool was presented, and its re-
liability and validity were tested. As far as the researchers are aware,
this is the first maritime pilotage assessment tool with a weighted BN
approach for evaluating performance. It was found that the measure-
ment tool’s interrater reliability was fair (α = 0.3) and the absolute
reliability was deemed acceptable for the technical dimensions
(CV = 14%), but the teamwork dimension was too unreliable, giving a
total score that was too dispersed. Lastly, the study also failed to pro-
vide evidence of construct validity. However, the low CV for the tech-
nical dimension, the extensive evidence for content validity and the
overarching demand for an objective assessment tool suggests that the
findings deserve further discussion.

For the first research question, a fair interrater reliability estimation
of α = 0.3 was below the suggested threshold of Krippendorff’s (2018)
α = 0.67. However, two considerations are suggested: (1) The inter-
rater estimate was based on eight raters and 409 decisions in the as-
sessment of a complex operation. Achieving a reliable interrater esti-
mate for normal operations is also challenging in conditions in which
raters are evaluating human performance, and perhaps further ag-
gravated in complex operations. In light of this, achieving a 0.3 score
for a full-scale complex maritime pilotage operation can be considered
promising. (2) Krippendorff’s (2018) uses a conservative interpretation
of agreement compared to, for example, the renowned Landis & Koch’s
(1977) standard. Furthermore, Krippendorff (2018) also recognises that
the estimated agreement varies depending on methods and the research
question (Hallgren, 2012). While the interrater agreement can be
deemed promising in light of this study, its fair interrater alpha

agreement necessitates a cautious affirmation of its current utility.

6.1. Differences between assessors that used the CAPA-tool and
conventional tools

The most promising finding related to the second research question,
namely the investigation of the dispersion among the raters and com-
paring its dispersion to a conventional assessment method, was the low
dispersion for the technical performance assessment: while it remained
high for the conventional assessment tool (50% dispersion), it dropped
to only a 14% dispersion for the raters using the CAPA-tool. The
teamwork score, however, showed too high dispersion for both groups.
The low teamwork score for the assessment tool might have impacted
the dispersion for the total score, rendering it also too high (31%), yet
still lower than for the conventional tool (36%). These findings were in
accord with our understanding of the complications associated with the
assessment of soft skills, such as teamwork skills. By contrast, the ex-
tensive difference between the assessment and the conventional tools’
dispersion for the technical dimension is captivating.

While the first two research questions were focused on reliability
considerations, the third research question was angled at further un-
derstanding the CAPA-tool’s construct validity. However, certain com-
plications subsist: A minimal deviation from the benchmark would be
necessary for supporting the tool’s construct validity. However, both
groups significantly deviated from the benchmark. Thus, this study fails
to provide evidence of construct validity. However, it is worth men-
tioning that the definition of the benchmark could also be incorrect.
Identifying a true performance score is a matter of subjective judgment
and is difficult to define, despite our best efforts for this experiment.
While this finding does not yield evidence, it does not discredit its va-
lidity either. Further studies for construct validity are encouraged, in
which the focus is to assess other standardised measures as well.

6.2. Limitations

Three limitations of the study need to be addressed. These pertain to
the assessment tool, the construction of the experiment navigation
scenario, and the experiment design. First, the assessment tool was
designed on the basis of theoretical work (qualitative features of the
tool) and AHP weightings (quantitative features of the tool). The AHP
weightings returned a low consensus for some factors. This low con-
sensus might have distorted the final calculation of the CAPA-tool.
Furthermore, the AHP method’s merit in reproducing ratio scale
knowledge has been challenged and should be considered in connection
to the current study. Second, the construction of the experiment sce-
nario was a comprehensive matter and involved recording actors per-
forming suboptimal navigation. The particular scenario might exclude
generalisations of reliability and validity evidence; however, dedicated
attention was given to the matter of data generalisation. For example,
input for the empirical indicators was based on human observation and
interpretation. Still, it is possible that particular elements of the as-
sessment tool benefitted this scenario, and similar performance in a
different type of operation might have returned a different score. Third,
the comprehensive and resource-intensive development of the maritime
scenario dictated an experiment design involving many raters assessing
one case, in contrast to fewer raters and many cases. While the latter
enables the ideal between- and within-reliability analyses, the com-
promise in the current study constituted a viable alternative for asses-
sing the variability of the measurement tool’s reliability. The number of
raters provided statistical and analytical benefits such as reducing the
chance of agreement statistics and facilitating the assessment of abso-
lute reliability (i.e., the CV). Despite the limitations, the study provides
valuable insights into maritime navigation performance assessment and
its benefits.

Table 11
Total mean score and coefficient of variation for experiment and control group.

Total score Technical score Teamwork score

Mean CV Mean CV Mean CV

Experiment 42.44 31% 61.59 14% 38.59 62%
Control 47.06 36% 43.25 50% 42.88 42%
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6.3. Advancing the assessment of maritime pilotage operations

The measurement’s formative properties (in addition to its sum-
mative feature) makes it a useful contribution to further development of
both the trainee and the course or education programme as a whole.
The formative properties concern the diagnostic feedback that can be
provided for the users. The summative feature concerns the setting of a
final performance score that could be used for subsequent comparing
across trainees. Furthermore, the tool is entirely transparent, enabling
the human assessor to maintain a comprehension of the returned di-
agnostic analysis. For instance, the assessor might see a trend in the
returned performance score for low RADAR control across students and
classes. While wary interpretations are suggested, the course facilitator
could still use the data as formative inputs for further improving his or
her RADAR course.

Assessing a complex maritime pilotage operation includes evalu-
ating numerous interdependent variables and makes it difficult to
identify measurement errors (Nazir, Øvergård, & Yang, 2015). Ad-
ditionally, the instruments and operational requirements in navigation
are continually changing. This complexity and operational develop-
ment require that the performance assessment tools are frequently ad-
justed and adapted for both contemporary and future demands. The
evidence of reliability and validity collected in this study should be
considered in light of the complexity associated with maritime pilotage.

Overall, this study sheds light upon the reliability and validity of a
maritime performance assessment tool for pilotage operations and for
conventional maritime assessment methods. While the tool’s broad
theoretical underpinnings support its content validity, failure to re-
present and support its construct validity in the current study suggests
that an improvement needs to be made in the next iteration of the in-
strument. The high dispersion (i.e., low reliability) and high deviation
from the benchmark (i.e., lack of support for criterion validity) suggest
that maritime simulator assessments require new and improved tools to
accurately measure navigation performance. Regardless of the relia-
bility and validity issues addressed in this current study, the relative
precision that was found for the technical dimension and the interrater
reliability that was found for the various empirical indicators should
encourage further research into the topic.

7. Conclusion

Precise assessment of complex maritime navigation requires reliable
and valid assessment frameworks. The purpose of this research was to
examine the reliability and validity of the proposed CAPA-tool. A be-
tween-subject experiment was carried out to evaluate the reliability and
validity between both the proposed tool and conventional assessment
methods. The CAPA-tool was able to reproduce reliable scoring of the
technical variables, while also suggesting that more research and de-
velopment are required for the other variables. Furthermore, the study
did not find evidence of criterion validity for the assessment tool when
comparing the performance score to the pre-defined benchmark score.
However, it was also found that the conventional assessment methods
failed to reproduce reliable and valid assessment scores across all di-
mensions. The lack of a valid and reliable method for assessing navi-
gation performance in full-scale simulators suggests a need to further
investigate this important topic. Future work includes an investigation
of assessing the performance using the CAPA-tool across different
maritime scenarios as well as further refinement of how the tool is
presented for users.

Acknowledgements

The authors would like to thank the maritime navigational experts
for participating in the experiment. A special thanks to Simulator
Instructor at USN, Morten Bustgaard for his contributions to developing
the maritime simulator scenario that was used in the experiment. The

authors also send their appreciations to the actors who were recorded
for the scenario. Finally, thanks to Associate Professor at USN, Steven
Mallam for his fruitful and helpful scientific and statistical discussions.
In addition, the second author acknowledges the support of the
European Union’s Horizon 2020 research and innovation programme
under the Marie Skłodowska-Curie grant agreement No 823904
(Project: ENHANCing Human Performance in Complex Socio-Technical
SystEms, ENHANCE).

References

Accident Investigation Board, N., 2010a. Crete Cement—IMO NO. 9037161, Grounding at
Aspond Island in the Oslo Fjord, Norway, on 19 November 2008. Report Sjø, 1.

Accident Investigation Board, N., 2010b. Report on Marine Accident Federal Kivalina-
IMO NO. 9205885 Grounding at Årsundøya, Norway 6 October 2008. Report Sjø, 1.

Accident Investigation Board, N., 2012. Report on Investigation Into Marine Accident M/
V Godafoss V2PM7 Grounding in Løperen, Hvaler on 17 February 2011. Report
Sjø, 1.

Accident Investigation Board, N., 2018. Preliminary marine accident report – collision
between the frigate ‘KNM Helge Ingstad’ and the oil tanker ‘Sola TS’ on 8 november
2018, outside the Sture terminal in Hjeltefjorden in Hordaland county. Report Sjø, 1.

Andresen, M., Domsch, M.E., Cascorbi, A.H., 2007. Working unusual hours and its re-
lationship to job satisfaction: A study of European maritime pilots. J. Lab. Res. 28 (4),
714–734.

Atkinson, G., Nevill, A.M., 1998. Statistical methods for assessing measurement error
(reliability) in variables relevant to sports medicine. Sports Med. 26 (4), 217–238.

Celik, M., 2009. Designing of integrated quality and safety management system (IQSMS)
for shipping operations. Saf. Sci. 47 (5), 569–577. https://doi.org/10.1016/j.ssci.
2008.07.002.

Converse, S., Cannon-Bowers, J.A., Salas, E., 1993. Shared mental models in expert team
decision making. Current Issues, Individual and Group Decision Making, pp. 221.

Cook, D.A., Hatala, R., 2016. Validation of educational assessments: a primer for simu-
lation and beyond. Adv. Simul. 1 (1), 31.

Darbra, R.M., Crawford, J., Haley, C., Morrison, R., 2007. Safety culture and hazard risk
perception of Australian and New Zealand maritime pilots. Mar. Pol. 31 (6), 736–745.
https://doi.org/10.1016/j.marpol.2007.02.004.

Eby, L.T., Dobbins, G.H., 1997. Collectivistic orientation in teams: An individual and
group-level analysis. J. Org. Behav.: Int. J. Ind., Occupat. Org. Psychol. Behav. 18 (3),
275–295.

Emad, G., Roth, W.M., 2008. Contradictions in the practices of training for and assess-
ment of competency: a case study from the maritime domain. Education+ Training
50 (3), 260–272.

Entin, E.E., Serfaty, D., 1999. Adaptive team coordination. Hum. Factors 41 (2), 312–325.
https://doi.org/10.1518/001872099779591196.

Ernstsen, J., & Nazir, S. (in review). Exploring teamwork in maritime pilotage operations.
Ernstsen, J., Nazir, S., 2018a. Consistency in the development of performance assessment

methods in the maritime domain. WMU Journal of Maritime Affairs 17 (1), 71–90.
Ernstsen, J., Nazir, S., 2018b. Human error in pilotage operations. International Journal

on Marine Navigation and Safety of Sea Transportation, TransNav, pp. 12.
Flin, R., O’Connor, P., Mearns, K., 2002. Crew resource management: Improving team

work in high reliability industries. Team Performance Management: An International
Journal 8 (3/4), 68–78.

Fu, Z., Delcroix, V., 2011. Bayesian network based on the method of AHP for making
decision. 1, 223–227. IEEE.

Hallgren, K.A., 2012. Computing inter-rater reliability for observational data: An over-
view and tutorial. Tut. Quantitat. Methods Psychol. 8 (1), 23.

Hayes, A.F., Krippendorff, K., 2007. Answering the call for a standard reliability measure
for coding data. Commun. Methods Measures 1 (1), 77–89.

Hetherington, C., Flin, R., Mearns, K., 2006. Safety in shipping: the human element. J. Saf.
Res. 37 (4), 401–411.

Jordan, N., Jensen, B., Terebinsky, S., 1963. The development of cooperation among
three-man crews in a simulated man-machine information processing system. J. Soc.
Psychol. 59 (1), 175–184.

Kimberlin, C.L., Winterstein, A.G., 2008. Validity and reliability of measurement instru-
ments used in research. Am. J. Health-Syst. Phar. 65 (23), 2276–2284.

Krippendorff, K., 2018. Content analysis: An introduction to its methodology. Sage
publications.

Landis, J.R., Koch, G.G., 1977. The measurement of observer agreement for categorical
data. Biometrics 159–174.

Manca, D., Nazir, S., Colombo, S., Kluge, A., 2014. Procedure for automated assessment of
industrial operators. Chem. Eng. Trans. 36, 391–396.

Marcano, L., Haugen, F.A., Sannerud, R., Komulainen, T., 2019. Review of simulator
training practices for industrial operators: how can individual simulator training be
enabled? Saf. Sci. 115, 414–424.

Mathieu, J.E., Tannenbaum, S.I., Donsbach, J.S., Alliger, G.M., 2014. A review and in-
tegration of team composition models: moving toward a dynamic and temporal fra-
mework. J. Manage. 40 (1), 130–160.

McIntyre, R.M., Salas, E., 1995. Measuring and managing for team performance:
Emerging principles from complex environments. Team Effect. Decis. Mak. Org.
9–45.

Millán, E., DescalçO, L., Castillo, G., Oliveira, P., Diogo, S., 2013. Using Bayesian net-
works to improve knowledge assessment. Comput. Educ. 60 (1), 436–447.

J. Ernstsen and S. Nazir Safety Science 129 (2020) 104775

13

http://refhub.elsevier.com/S0925-7535(20)30172-7/h0025
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0025
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0025
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0030
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0030
https://doi.org/10.1016/j.ssci.2008.07.002
https://doi.org/10.1016/j.ssci.2008.07.002
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0040
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0040
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0045
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0045
https://doi.org/10.1016/j.marpol.2007.02.004
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0055
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0055
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0055
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0060
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0060
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0060
https://doi.org/10.1518/001872099779591196
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0075
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0075
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0080
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0080
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0085
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0085
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0085
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0095
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0095
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0100
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0100
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0105
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0105
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0110
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0110
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0110
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0115
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0115
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0125
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0125
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0130
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0130
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0135
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0135
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0135
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0140
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0140
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0140
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0145
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0145
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0145
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0150
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0150


Moorthy, K., Munz, Y., Sarker, S.K., Darzi, A., 2003. Objective assessment of technical
skills in surgery. BMJ 327 (7422), 1032–1037.

Murdock Jr, B.B., 1962. The serial position effect of free recall. J. Exp. Psychol. 64 (5),
482.

Musharraf, M., Hassan, J., Khan, F., Veitch, B., MacKinnon, S., Imtiaz, S., 2013. Human
reliability assessment during offshore emergency conditions. Saf. Sci. 59, 19–27.
https://doi.org/10.1016/j.ssci.2013.04.001.

Nazir, S., Øvergård, K.I., Yang, Z., 2015. Towards effective training for process and
maritime industries. Procedia Manuf. 3, 1519–1526. https://doi.org/10.1016/j.
promfg.2015.07.409.

Nisbett, R.E., Wilson, T.D., 1977a. Telling more than we can know: verbal reports on
mental processes. Psychol. Rev. 84 (3), 231.

Nisbett, R.E., Wilson, T.D., 1977b. The halo effect: evidence for unconscious alteration of
judgments. J. Pers. Soc. Psychol. 35 (4), 250.

Norros, L., 2004. Acting under uncertainty. The Core-Task Analysis in Ecological Study of
Work, Espoo, VTT, Finland.

O’Connor, P., 2011. Assessing the effectiveness of bridge resource management training.
Int. J. Aviat. Psychol. 21 (4), 357–374.

Oser, R.L., McCallum, G., Salas, E., Morgan Jr, B.B., 1989. Toward a definition of
teamwork: An analysis of critical team behaviors. NAVAL TRAINING SYSTEMS
CENTER ORLANDO FL.

Pearl, J., 2014. Probabilistic reasoning in intelligent systems: Networks of plausible in-
ference. Elsevier.

Prince, C., Salas, E., 1993. Training and research for teamwork in the military aircrew.
Rafferty, L.A., Stanton, N.A., Walker, G.H., 2010. The famous five factors in teamwork: a

case study of fratricide. Ergonomics 53 (10), 1187–1204.
Saaty, R.W., 1987. The analytic hierarchy process—What it is and how it is used. Math.

Modell. 9 (3–5), 161–176.
Saaty, T.L., 1977. A scaling method for priorities in hierarchical structures. J. Math.

Psychol. 15 (3), 234–281.
Saaty, T.L., 1990. Multicriteria decision making: The analytic hierarchy process:

Planning, priority setting resource allocation.
Saaty, T.L., 2008. Decision making with the analytic hierarchy process. Int. J. Serv. Sci. 1

(1), 83–98.
Sadler, D.R., 1989. Formative assessment and the design of instructional systems. Instr.

Sci. 18 (2), 119–144.
Safrit, M.J., Wood, T.M., 1989. Measurement concepts in physical education and exercise

science. Human Kinetics Books Champaign.
Salas, E., Sims, D., Burke, S., 2005. Is there a “big five” in teamwork? Small Group

Research 36 (5), 555–599. https://doi.org/10.1177/1046496405277134.
Salas, E., Tannenbaum, S.I., Kraiger, K., Smith-Jentsch, K.A., 2012. The science of training

and development in organizations: what matters in practice. Psychol. Sci. Public
Interest 13 (2), 74–101. https://doi.org/10.1177/1529100612436661.

Sellberg, C., 2017. Simulators in bridge operations training and assessment: a systematic
review and qualitative synthesis. WMU J. Marit. Affairs 16 (2), 247–263.

Simsarian Webber, S., 2002. Leadership and trust facilitating cross-functional team suc-
cess. J. Manage. Dev. 21 (3), 201–214. https://doi.org/10.1108/
02621710210420273.

Smith-Jentsch, K.A., Zeisig, R.L., Acton, B., McPherson, J.A., 1998. Team dimensional
training: a strategy for guided team self-correction.

STCW, I., 2011. International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers,(STCW) 1978, as amended in 1995/2010. International
Maritime Organisation, London, UK.

Vederhus, L., Ødegård, A., Nistad, S., Håvold, J.I., 2018. Perceptions of demanding work
in maritime operations. Saf. Sci. 110, 72–82.

Wagner III, J.A., 1995. Studies of individualism-collectivism: effects on cooperation in
groups. Acad. Manage. J. 38 (1), 152–173.

Wilson, K.A., Salas, E., Priest, H.A., Andrews, D., 2007. Errors in the heat of battle: taking
a closer look at shared cognition breakdowns through teamwork. Hum. Factors 49
(2), 243–256.

Wilson, T.D., Brekke, N., 1994. Mental contamination and mental correction: unwanted
influences on judgments and evaluations. Psychol. Bull. 116 (1), 117.

J. Ernstsen and S. Nazir Safety Science 129 (2020) 104775

14

http://refhub.elsevier.com/S0925-7535(20)30172-7/h0155
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0155
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0160
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0160
https://doi.org/10.1016/j.ssci.2013.04.001
https://doi.org/10.1016/j.promfg.2015.07.409
https://doi.org/10.1016/j.promfg.2015.07.409
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0175
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0175
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0180
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0180
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0185
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0185
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0190
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0190
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0200
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0200
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0210
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0210
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0215
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0215
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0220
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0220
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0230
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0230
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0235
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0235
https://doi.org/10.1177/1046496405277134
https://doi.org/10.1177/1529100612436661
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0255
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0255
https://doi.org/10.1108/02621710210420273
https://doi.org/10.1108/02621710210420273
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0275
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0275
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0280
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0280
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0285
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0285
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0285
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0290
http://refhub.elsevier.com/S0925-7535(20)30172-7/h0290

	Performance assessment in full-scale simulators – A case of maritime pilotage operations
	Introduction
	Research purpose and questions
	RQ 1: What is the interrater reliability of the assessment tool?
	RQ 2: What is the absolute reliability of the assessment tool compared to conventional assessment?
	RQ 3: What is the criterion validity of the assessment tool compared to conventional assessment?


	Background
	Fundamentals of maritime pilotage operations
	Fundamentals of the analytical hierarchy process
	The three steps of AHP:

	Fundamentals of the Bayesian network

	Computer-assisted performance assessment (CAPA) tool
	Variables in the CAPA-tool
	Teamwork variables
	Technical variables
	Variables for pilot instalment
	Berthing variables
	External factors

	Relationship between variables
	Relationship between the parent and child nodes

	Reliability and validity considerations

	Materials and methods
	Participants and sampling
	The simulator used for pre-recording the scenario for assessment
	Remote assessment station setup
	The pre-recorded scenario to be assessed by the participants
	Experimental condition: CAPA-tool versus conventional assessment
	Experiment procedure
	Internal validity of the experiment
	Data analysis

	Results
	Performance assessment scores of the navigation scenario
	RQ1: What is the inter rater reliability of the assessment tool’s items?
	RQ2: What is the absolute reliability of the assessment tool compared to conventional assessment?
	RQ3: What is the criterion validity of the assessment tool compared to conventional assessment?

	Discussion
	Differences between assessors that used the CAPA-tool and conventional tools
	Limitations
	Advancing the assessment of maritime pilotage operations

	Conclusion
	Acknowledgements
	References




