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Abstract
This study reviews literature of simulation-based training and assessment to trace con-
ceptual developments in maritime education and training (MET). Our aim is to high-
light and examine the historical trajectory of salient topics in MET with the goal of help 
developing the field forward. The investigation is based on articles published from 1961 
to 2021 (n = 87) on simulation-based training and assessment in maritime academic jour-
nals. The first review of its kind in MET, the study combines quantitative topic modelling 
and qualitative content analyses of exemplary texts. Our study investigates: (a) how train-
ing and assessment in simulations are conceptualised in MET research and (b) how these 
conceptualisations have developed over the decades. Our review reveals an educational 
field dominated by human factors research and dedicated to upholding industry standards. 
Moreover, adopting quantitative text mining we identified four prominent topics in the 
literature. These revolve around management of resources, academic performance, simu-
lator training and authentic assessment. A more in-depth qualitative content analysis of 
the model, tracing conceptual developments over time, suggests that the word ‘learning’ 
occurs for the first time in 1980. As a concept for scientific inquiry, learning does not 
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gain prominence in the literature on simulation in MET before 2021. Our results sug-
gest some future directions of research and offer a methodological framework for future 
reviews in maritime affairs that combines quantitative topic modelling with qualitative 
content analysis.

Keywords  Review · Professional learning · Topic modelling · Content analysis · 
Simulator-based training and assessment · Conceptual development · Maritime 
education and training

1 � Background and research questions

Maritime education and training (MET) exemplify a research field concerned 
with professional education that has undergone significant changes in recent dec-
ades. Traditionally, MET has been based on a system of apprenticeships onboard 
ships, whereby the practitioner became a master mariner through years of work, 
gradually increasing in their rank and responsibilities. Today, students become 
master mariners, professionals in a world of highly digitised maritime systems, 
through 5-year master’s programmes that are regulated by international conven-
tions and certifications (Manuel 2017). In this context, simulator-based training 
is not only used to bridge theory and practice, hence supplementing time spent 
on board to learn the profession, but also for licensing seafarers on a suite of 
work-related skills, for example the proficient use of radar equipment. Thus, a 
debate within the maritime field of research education has developed over the 
past 60  years. Education research has been consequential in maritime decision 
making while designing master’s programmes through taking up simulator-based 
training and assessment practices as central for impactful maritime education and 
certification.

To better understand the emergence of simulation-based education in the mari-
time profession we used an unconventional review method that borrows search 
strategies from systematic literature review methods together with the scoping 
review’s interest in analysing conceptual developments through qualitative analy-
ses of academic articles (see e.g., Munn et al. 2018). In this study, we combine 
statistical topic modelling and qualitative analysis of central themes to examine 
conceptual discussions in the field’s premier scientific journals. While traditional 
systematic literature reviews are mostly performed by doing detailed content 
analysis manually (Audrin and Audrin 2022), we propose using (semi) automatic 
methods combined with detailed content analysis. Considering the amount of rel-
evant literature in simulator-based training and assessment, and the plurality of 
terms associated with this academic domain, adopting an automatic text mining 
technique known as topic extraction, may afford new perspectives on the research 
field. Using WordStat’s topic extraction feature, which combines natural language 
processing with statistical analysis to reveal semantic structures in texts, we want 
to reveal the topics that define the literature i.e., the thematic characteristics of a 
body of text from selected scientific articles in maritime professions. Combining 
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automated text mining with manual qualitative content analysis we investigate in-
depth the extracted ‘text’ for each selected key topic. By analysing the themes 
and their examples in the text-excerpts, matching keywords and year of publica-
tion for each case, we aim to trace the conceptual development of salient discus-
sions developed over time within the MET literature on simulator-based training 
and assessment. To the best of our knowledge, no other studies provide this kind 
of analysis of MET. However, text mining has been used productively in reviews 
across a variety of professions (Thomas et al. 2011), in the history of medicine 
(Thompson et  al. 2016) and educational research (Ferreira-Mello et  al. 2019), 
including digital literacy (Audrin and Audrin 2022).

As far as we know, our study of simulator-based training and assessment is the 
first study to conduct a literature review on scientific discourse in the field of mari-
time education and training. By extracting articles about simulations from three 
domain-specific, peer-reviewed journals in MET research, the present study inves-
tigates and interprets the trajectory of conceptual developments in the academic lit-
erature about simulation-based training and assessment during the past few decades, 
along with how these topics have changed over time. The following research ques-
tions guide our analysis:

•	 RQ1: What are the most prominent topics related to training and assessment in 
simulation in the corpus of articles from selected maritime journals from 1961 to 
today?

•	 RQ2: What kinds of central themes are used to describe simulator-based train-
ing and assessment in the corpus, and how do these themes and their examples 
develop over time?

2 � Methods

2.1 � Data selection and collection

The data consist of a corpus of articles from scientific journals focusing on topics 
related to simulations in maritime training and education. Scientific articles can be 
seen as historical documents that display valuable information about the conceptual 
foundations that characterise a given field of research, and they offer a window into 
how paradigmatic assumptions in the field have developed. For that reason, the cho-
sen journals for this review, are domain-specific and historically recognised as core 
publication venues within the academic study of maritime training and assessment. 
We chose to highlight ‘training’ and ‘assessment’ as the search words rather than 
explicitly searching for the concept of ‘learning’. Our rationale is partly based on 
insights from previous reviews, and partly by doing hand search in search engines 
of academically known journals (Wiig 2023). In their reviews, Sellberg (2017) 
and Wahl and Kongsvik (2018) are documenting that the sociology of knowledge 
in the field of MET emphasises training and assessment, and that the research is 
dominated by studies of human factor interactions. This knowledge made us con-
duct manual hand search in the search engines of well-known journals in the field 
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to make a rapid exploration of how ‘training’ and/or ‘assessment’ and/or ‘learning’ 
was utilized within this domain. The terms ‘training’ and ‘assessment’ proved to 
be prominent concepts in headings, key words and in abstracts over three decades, 
while ‘learning’ was seldom treated as a core concept in the texts, and the term 
was rarely visible in headings, abstracts or key words. Since the very principle of 
text mining is to explore the thematic patterns specific to a corpus based on ‘the 
frequency with which a content word appears’ (Lavissière et  al. 2020 p. 136), we 
chose to narrow the systematic search terms to ‘training’ and ‘assessment’. These 
selected search words are broad enough to grasp the field of both simulator as a 
technology and simulation as a practice. Consequently, the corpus for our systematic 
analysis consists of 87 articles on simulator-based training and assessment sampled 
from three English, peer-reviewed and domain-specific journals within the maritime 
field: Journal of Navigation, WMU Journal of Maritime Affairs and TransNav, The 
International Journal on Marine Navigation and Safety of Sea Transportation. The 
period we have examined is from 1961, when the first article is identified in our 
journal search to April 2021, when the search was conducted. Articles containing 
the keywords ‘training’ and ‘assessment’ are included and duplicates removed. The 
87 included articles were downloaded as PDFs and organised in folders based on 
publication year and journal of origin.

The Journal of Navigation is an internationally peer-reviewed journal associated 
with Cambridge University Press. The journal publishes original papers on the sci-
ence of navigation, covering every aspect of navigation, from the technical to the 
descriptive and historical. The first issue dates to 1948, which makes the journal a 
vast resource for understanding the science of navigation from a historical perspec-
tive. WMU Journal of Maritime Affairs is an international, peer-reviewed Springer 
journal associated with the World Maritime University in Malmö, Sweden. The 
journal covers subjects such as maritime safety, maritime energy, maritime adminis-
tration, management and operations and marine environment protection. The journal 
gives special attention to human factors, the impacts of technology and policymak-
ing, and it has a special section dedicated to Maritime Education and Training: The 
International Association of Maritime Universities (IAMU). The first issue dates 
to 2002. TransNav, the International Journal on Marine Navigation and Safety of 
Sea Transportation is a peer-reviewed, open access journal associated published 
by Gdynia Maritime University, Gdynia, Poland. The journal was founded in 2007 
and publishes original research and reviews contributing to the science of broadly 
defined navigation, aiming to promote young researchers and new fields of maritime 
sciences and technologies.

2.2 � Approaching topics in MET

We adopted a mixed methods approach, which combines quantitative and qualitative 
approaches, to analyse these scientific publications. Figure 1 describes the pipeline 
for creating and analysing the corpus, both quantitatively and qualitatively. The cor-
pus of 87 articles in the form of PDF files was imported to the text analysis module 
WordStat (v.9, Provalis Research). The texts were then mined using WordStat’s topic 
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extraction feature, which combines natural language processing with statistical anal-
ysis to reveal its thematic characteristics.

First, we performed statistical topic modelling of the corpus to explore the most 
prominent topics related to training and assessment in simulation from our sample of 
journals for the period from 1961 to 2022. In this case, we created a model with 15 
gross topics (K = 15). Although the choice of topic numbers (K) has been a subject in 
technical discussions, this decision ultimately depends on the researcher’s interests 
(Jaworska & Nanda 2016, p. 383). Although modelling too few topics may produce 
themes that are too broad to be meaningful for a human reader, asking the model for 
too many topics can produce a highly fragmented and redundant model (see Ignatow 
& Mihalcea 2017, p. 209; Munksgaard & Enghoff 2018; Murakami et al. 2017).

Inspired by how scoping reviews have been used to approach conceptual develop-
ments in education (Major et al. 2018), we then conducted a more in-depth qualita-
tive content analysis. Specifically, we analysed keywords from each topic retrieved 
from ‘exemplary’ segments of text to understand how the various topics appear in 
context over time, how themes were explicated and what kind of examples were used 
to represent various conceptual discussions by the authors. By exemplary texts, we 
here mean segments of text where the keywords for each topic figures prominently. 
In other words, the topic model guided our attention in the subsequent qualitative 
phase of the analysis. Here, our methods move from the language of machine learn-
ing and text mining of manifest content (so-called ‘distant reading’) to hermeneutics 
and questions about how the meanings of texts in simulation-based pedagogies in 
MET should be interpreted, e.g., ‘close reading’ (Gallagher 1992). In this phase, we 
leveraged our conceptual understanding of the field of simulation-based training in 
MET to investigate texts for patterns of meaning in more detail and meaningfully 
contextualize these (Russel and Ryan 2003; Major et al. 2018).

Fig. 1   A mixed methods approach to topic modelling of simulation-based education in MET
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2.3 � On topic modelling

Topic modelling is a probabilistic and heuristic method for building models of mani-
fest content in large amounts of text. Whereas a manual approach for identifying 
topics may use coloured markers to highlight, code and group together the salient 
themes in a text (see Brett 2012), topic modelling uses a computer algorithm to 
sort through all the documents in a digitised corpus to create a higher-level abstract 
model of the structural relationships in these texts. The resulting automated cluster-
ing is based on word co-occurrences that are ‘substantively meaningful’ (Mohr & 
Bogdanov 2013). A commonly invoked metaphor is that topics are akin to ‘bags of 
words’ (Murakami et al. 2017). While a given topic is comprised by distributions 
of words, topic models are ‘distributions of distributions (of words) across docu-
ments’ (Shadrova 2021, p. 7) These patterns spatial proximity in text are rather easy 
to discover for computers, but harder to spot for human readers. In the language of 
machine learning, topic modelling is an unsupervised task: an inductive and data-
driven approach to the objective properties of texts that does not require coding or 
annotation beyond the creation of the corpus itself. This approach can therefore 
avoid some of the biases that often characterise human readers (Underwood 2017, 
p. 19). Topic models are made from a probability distribution. As a computational 
method, topic modelling is guided by the assumption that meanings are relational 
and that words can be clustered in a meaningful way by the way they co-occur, 
‘regardless of syntax, narrative or location within a text’ (Ignatow & Mihalcea 2017, 
p. 157). As such, these neither optimise nor exhaust interpretability but have the 
potential to meaningfully capture the ‘aboutness’ of texts (DiMaggio et  al. 2013). 
Here, aboutness refers to what a given topic (collections of words and phrases that 
co-occur) is about, e.g., meaning in context. This is a task for human readers. As 
aptly described by Shadrova recently: ‘topics are not direct derivatives of data, but 
interpretations of aspects of the data in context, where the context is provided by the 
scholar’s knowledge of a subject and taxonomies and debates in the field’ (2021: 4).

The modelling approach adopted in the current study combines natural language 
processing and a statistical method called factor analysis.1 In WordStat, we pre-pro-
cessed the data using its lemmatisation routine for English. This is an automated 
technique to process different forms of words into more canonical forms (e.g., plu-
rals to singular, past tense verbs to present tense). Next, the segmentation level for 
the corpus of text was set at the level of paragraphs, reflecting the distribution of 
topics in typical scientific papers (a genre of documents that is quite long and where 
there is a need to compare the relative frequencies of topics). Using a random seed 
value, we computed a frequency matrix and extracted a smaller number of factors 
using a type of factor analysis called non-negative matrix factorisation (NNMF). For 

1  Other popular probabilistic methods include latent Dirichlet allocation (LDA) and latent semantic anal-
ysis (LSA). Ignatow, G., & Mihalcea, R. (2017). An introduction to text mining: research design, data 
collection, and analysis. Sage Publications. Peladeau and Davoodi (2018) offer a technical review of how 
factor analysis for topic extraction compares with LDA.
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topic extraction, we included all words with a loading higher than a criterion of 0.30 
(WordStat’s default value).2 Note that when modelling topics using factor analysis in 
WordStat, words may be associated with more than one factor, which ‘more realisti-
cally represents the polysemic nature of some words as well as the multiple contexts 
of word usage’ (Provalis Research 2022).

3 � Results: a topic model of MET

Table  1 displays the solution for a model of the corpus, with a granularity of 15 
topics (K = 15). Of these 15 topics, we consider 14 to be ‘substantively’ meaningful 
(Murakami et al. 2017, p. 250), based on our common knowledge about the domain 
in question. Notably, topic nine is clearly ‘chimeric’ (Ignatow & Mihalcea 2017, 
p. 212), an artefact based on keywords from metadata about scientific articles that 
is automatically generated when extracting documents from databases. Therefore, 
we discarded this topic from our qualitative investigation. A further review of the 
remaining models, considering our research questions, narrowed the scope of our 
hermeneutic inquiry to four topics. These are discussed in detail below, along with 
a brief justification for why the other nine topics were discarded from a thorough 
qualitative inquiry.

Again, we would like to emphasise that a key criterion for assessing a given 
topic model is whether it reveals something interesting about texts, given a par-
ticular set of research questions. When assessing a topic model beyond the ‘about-
ness’ of the corpus, topic modellers frequently discard topics that are orthogonal to 
their research interests or even merge overlapping ones. Here, we were primarily 
interested in the questions of the following: (1) What are the most prominent topics 
related to training and assessment in simulation in a corpus of articles from selected 
maritime journals from 1961 until 2021, and (2) What kind of central themes are 
used to describe simulator-based training and assessment in the corpus, and how do 
these themes and their examples develop over time?

Topic models can be supported by identifying compelling and meaningful pat-
terns in large amounts of textual data in ways that challenge the researchers’ intu-
itions from the onset of a critical inquiry. However, in contrast to a conventional 
approach to content analysis, in which the reader closely peruses documents to gain 
an understanding of their subject matter, the text-mining approach we adopt here 
makes an inductive catalogue of the content first, displacing interpretative work to 
after the computational procedure has been performed. This inductive step reduces 
the risk that researchers will project their own assumptions about the field on the 
materials. The details about this process are described in the next section.

2  Increasing the cutoff-value reduces the number of words in the column KEYWORDS in Table 1, keep-
ing only words that are more representative for each topic (and vice versa). Other defaults include remov-
ing phrases ending with words on WordStat’s default exclusion list for English and limiting phrases to a 
minimum of two and a maximum of five words.
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4 � Qualitative exploration

In this section, we offer a qualitative exploration of our topic model of simula-
tion-based MET. Because our topic model is an inductive approach to the objec-
tive properties of the texts in the corpus, that is, their ‘aboutness’ (DiMaggio 
et  al. 2013), we seek to discover meaningful relationships between words that 
are clustered together and co-occur within the specific topics. As mentioned, the 
task of common-sense understanding of words in context is something machines 
are not well equipped to do for a variety of reasons, and topic models there-
fore require external validation by a human reader (Shadrova 2021). Central to 
addressing our two research questions, we will analyse the following four topics: 
Topic 1—managing resources, 2—academic performance, 10—simulator training 
and 14—authentic assessment. Note that in this qualitative review, we order our 
discussion of these four topics according to which one has the highest percentage 
of cases with at least one of the items listed in the keyword’s column (rightmost 
column, Table 1). This rank order lets us better address our second research ques-
tion, that is, what kind of central themes are used to describe simulator-based 
training and assessment in the corpus, and how these themes develop over time. 
In other words, we use the percentage of cases as a proxy for ordering topics in 
the corpus from the most extensive discursive tradition in the corpus to the least.

After reviewing all the topics in our model, topics 3–5, 7–8, 11–14 and 15, 
emerged as orthogonal for our research questions. The justification for not includ-
ing these is as follows:

•	 Topics 3, 4, 8, 11 and 12 revolve around prominent content in maritime train-
ing and education, such as relative motion, navigation in ports, firefighting, 
pollution and collision avoidance. These subjects do not meaningfully pertain 
to how training and assessment are conceptualised through the use of simula-
tion-based training.

•	 The keywords for topic 5—Eye tracking reveal links between eye-tracking 
technologies, user, usability, satisfaction and sentiment opinion. Hence, the 
topic relates to usability testing rather than to matters of learning in simulator 
environments.

•	 Topic 6—Human factors is a prominent topic in the data and appears in 68 
cases/articles. The topic stands out among the others because it denotes a field 
of research rather than an aspect of simulation. A qualitative content analysis 
of keywords shows that a large portion of the cases concern bibliographic ref-
erences, revealing the strong position of human factors approaches in MET.

•	 We also left out Topic 7—Computer games and instructional design because 
the keywords in this topic were represented by only one scientific article and, 
hence, was too specific to be considered a theme in the broader research field 
of MET.

•	 The justification for leaving out Topic 13—TRAINMOS II European Commis-
sion is because these keywords appear in one article outlining TRAINMOS II, 
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the continuation of a large project on transport and sustainability funded by the 
European Commission on Supporting Motorways of the Sea (MOS).

•	 Topic 15—Thematic block learning is also absent from our qualitative review. 
Keywords comprising this particular topic refer to a specific pedagogical model 
in curriculum design through a case study from the Latvian Maritime Academy 
(Kalnina & Priednieks 2017). The research article itself does not address simula-
tion-based learning directly and is therefore not subject to a qualitative review.

After deciding on the four topics based on the highest percentage of cases: 
managing resources, academic performance, simulator training and authen-
tic assessment, we investigated the statistical text mining results in detail (see 
Table 2). For each case-number (for example #72, leftmost column), we analysed 
the extracted ‘text’ for each time the case occurred. By analysing the themes and 
their examples in the text-excerpts, matching keywords and year of publication 
for each case, we explored how the themes and their examples developed over 
time.

In the analysis that follows, keywords in ALL CAPS are used as notations for 
representing the 20 chosen and specific keywords from each of the four topics in the 
model (Table 1), as well as the examples and citations which are applied from the 
most relevant ‘cases’ and their ‘text-extractions’ (Table 2).

4.1 � Topic 1—managing resources

1 Managing resources RESOURCE; MANAGEMENT; LEADERSHIP; SKILLS; BRM; MARKERS; 
BEHAVIOURAL; TECHNICAL; TEAM; ERM; TECHNICAL SKILLS; 
RESOURCE MANAGEMENT; CREW RESOURCE MANAGEMENT; 
BEHAVIOURAL MARKERS; BRIDGE TEAM; BRIDGE RESOURCE 
MANAGEMENT; BRM TRAINING; ROOM RESOURCE MANAGE-
MENT

The keywords for Topic 1—Managing resources has a focus on categoris-
ing skills. The keywords comprising this topic combine descriptions of vari-
ous domains (CREW RESEROUCE MANAGEMENT, BRIDGE RESOURCE 

Table 2   Topic model results from Topic 1—managing resources, documenting each case, text, match and 
file with article location
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MANAGEMENT/BRM, ENGINE ROOM MANAGEMENT/ERM), actors 
involved (LEADERSHIP, BRIDGE TEAM) and properties of technical skills 
(BEHAVIOURAL, TECHNICAL, MARKERS). The topic is prominent in the 
corpus and can be found across 62 cases/articles, with keywords that make up 
the topic being mentioned 896 times across all three journals for the studied 
period. A qualitative content analysis analysing how these keywords appear in 
context (n = 896) reveals a corpus of studies on a specific type of team train-
ing, labelled crew resource management (CRM), bridge resource management 
(BRM), engine resource management (ERM) and team training, which appears 
in combination with what is commonly known as ‘nontechnical skills’, that is, 
skills that are considered either cognitive or communicative. Although CRM 
originated from aviation psychology in the late 1060 s, Praetorius et al. (2020) 
describes how the concept was transferred to the maritime domain in the early 
1990s:

A first maritime version of the CRM course package focused on bridge opera-
tions was developed 1992 (Hayward, Lowe, and Thomas, 2019). In 1995, the 
IMO introduced the concept of Bridge Resource Management (BRM) - the 
effective use and allocation of all resources available on the bridge - into the 
STCW Code (Chauvin et  al. 2013). Since then, the concept has been trans-
ferred to other departments onboard as the development of courses for ERM 
and MRM has continued. Through the latest amendments to the Code, NTS 
knowledge has become mandatory (IMO, 2017).

Because BRM and MRM training are mandatory parts of the current MET 
system, the frequent occurrence of cases in our corpus of articles shows a 
research field dedicated to determining if current training and assessment prac-
tices in BRM and MRM courses fulfil their purpose of ensuring high safety 
standards. Notably, we find the first occurrence in our corpus more than a dec-
ade before the first BRM course was developed. The first article explicitly men-
tioning technical skills was published in 1980 in the Journal of Navigation. 
In this article by Hammell and Gardenier, a deck officer behavioural database 
is assembled ‘to define the ship handling skills to be achieved by masters and 
chief mates, in the form of Specific Functional Objectives (SFO). The SFOs 
represent detailed goals of the training system. This developmental effort con-
centrated on the master’s position, pertaining to manoeuvring of the vessel for 
several different classes of vessels. Although there are few studies addressing 
this topic between 1981 and 2013 across the three different journals, a new 
wave of articles on technical and nontechnical skills emerges between 2015 and 
2019, mainly in JOMA. In this period, we find broad discussions about the lim-
itations of measuring technical skills (Wild 2011; Bhardwaj 2013; Felsenstein 
et  al. 2013). The following studies emphasise ‘soft skills’, such as situation 
awareness and communication, as important for collaborative navigation prac-
tices in bridge teams (Wu et  al. 2015; Röttger et  al. 2016; Saeed et  al. 2017; 
Kandemir et al. 2018).
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4.2 � Topic 2—academic performance

2 Academic performance IMPACTING; LICENCE; PRESENTEEISM; ACADEMIC; DIFFERENCE; 
REGIMENTAL; SCORE; PERCEIVED; AVERAGE; PPAP; PERFOR-
MANCE; IDENTIFY; STUDENTS; ACADEMIC PERFORMANCE; 
LICENCE STUDENTS; PRESENTEEISM SCORE; AVERAGE PRESEN-
TEEISM SCORE; IMPACTING THEIR ACADEMIC PERFORMANCE; 
LEVEL OF PRESENTEEISM; PERCEIVED ACADEMIC PERFOR-
MANCE

The keywords for Topic 2—academic performance revolve around measurements, 
including terms like IMPACTING; SCORE; AVERAGE; PERFORMANCE; PRES-
ENTEEISM SCORE; AVERAGE PRESENTEEISM SCORE; LEVEL OF PRES-
ENTEEISM and PERCEIVED ACADEMIC PERFORMANCE, that is, different 
kinds of metrics for performance evaluations. Pursuing a qualitative content analysis 
and analysing each case occurrence associated with the topic (n = 1273), the topic 
emerges as less instrumental. Rather, these cases focus on exploring how to licence 
students based on performance tests in simulator environments. Furthermore, aca-
demic performance emerges as one of the most prominent topics in our model and 
can be found across 67 articles, spanning publications in Journal of Navigation in 
the early 1960s towards contemporary articles in TransNav and WMU JOMA. In the 
first wave of articles from 1961 to 1966 (Quick 1961; Burger and Corbet 1963; The 
Training of Navigators 1966), simulator-based learning is discussed in relation to 
technical issues concerning radar equipment and work practice at sea. Early work 
highlights the importance of students gaining practical experience to proficiently 
carry out work at sea (Quick 1961), but also the need for nautical instructors to 
keep their practical experiences of seamanship, as well as their technological pro-
ficiencies, up to date and relevant to adequately teach the next generation of sea-
farers (The Training of Navigators 1966). In these works, which are disseminated 
by instructors working with the early development of simulator-based training, the 
learning process is cast in terms of common-sense ‘folk pedagogy’ (Bruner 2020): 
learning is considered to happen automatically as trainees get exposed to profes-
sional practices. An illustrative example of such discourse is found in the following 
phrase from 1961:

The teaching and examination have necessarily to be somewhat academic. It 
is assumed that students, after satisfactorily completing the course and being 
appointed to a radar-fitted vessel, will gain practical experience at sea, par-
ticularly practice in plotting target echoes in clear weather, so that by the time 
they are called on to deal with conditions of poor visibility, they will be suffi-
ciently adept at the techniques to be able to carry out satisfactorily the routines 
required. (Quick 1961)

It is noteworthy, however, that Quick (1961) does not explicitly mention learning 
when discussing the trajectory from being a student completing a course towards 
being a seafarer with enough practical experience to handle challenging conditions 
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at sea. Although the topic appears in few studies between 1966 and 2004, a new 
wave of articles on academic performance and the licensing of students emerges 
early in the new millennium. Without exception, these articles are published in 
WMU JOMA (founded in 2002) and TransNav (founded in 2007). Ircha and Balsom 
(2005) discuss simulator-based learning together with the new educational technolo-
gies entering the MET system at the time. This includes e-mails, web-based materi-
als, automated quizzes and new forms of organising professional training through 
online lectures and web-based courses, alongside advanced high-fidelity simulators 
(Ircha and Balsom 2005; Benedict et al. 2006; Zažeckis et al. 2009). Here, empha-
sis is on pedagogical models in simulator-based learning that centre on the student 
rather than instructor (Ircha and Balsom 2005). After 2012, studies focusing on 
measuring student satisfaction in relation to academic performance appear (Vasila-
kis and Naikitados 2012; Castells et al. 2016). We can also see a new focus on the 
validity and reliability of performance tests in simulators used for licensing students 
in MET (Ghosh et al. 2016; Balaji and Venkadasalam 2017; Conceição et al. 2017; 
Øvergård et  al. 2017). Conceição et  al. (2017), for instance, suggest an approach 
to assessment influenced by human factors research in aviation, here by develop-
ing an assessment model for identifying and rating naval cadets’ nontechnical skills. 
Ghosh et  al. (2016), on the other hand, advocate for so-called ‘authentic assess-
ment’, that is, a holistic approach with a focus on realistic, work-related tasks and 
test contexts. Automated performance assessment is another approach suggested for 
improving validity and reliability when issuing certificates in a simulator environ-
ment (Øvergård et al. 2017).

4.3 � Topic 10: simulator training

10 Simulator training SIMULATOR; INSTRUCTOR; BRIEFING; DEBRIEFING; EXERCISE; EXER-
CISES; SESSIONS; SESSION; TRAINEES; ROOM; SIMULATOR TRAIN-
ING; ENGINE ROOM; ENGINE ROOM SIMULATOR

The keywords for Topic 10—Simulator training demarcate simulation train-
ing as a distinct activity. The keywords comprising the topic pick out various 
parts of simulation events, here in terms of their spatial (SIMULATOR; ROOM; 
ENGINE ROOM) and temporal properties (e.g., SESSIONS, BRIEFING; 
TRAINING EXERCISE; DEBRIEFING), and some of the main actors involved 
in the educational practice (INSTRUCTOR; TRAINEES). Notably, the topic is 
found across 67 cases (articles) representing the entire timespan in the corpus 
from 1961 to 2018. Except for those keywords in Topic 9, which is an artefact 
from the corpus’ metadata, the keywords from this topic also appear the most 
frequently in the corpus (1,347 times). A central theme are descriptions of simu-
lation training as a highly structured learning event. An illustrative quote can be 
found in an article from a 2006 article in the Journal of Maritime Affairs, con-
taining the terms SESSION; INSTRUCTOR; EXERCISE; and SIMULATOR:
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One of the most important parts of the simulator exercise is the evaluation of 
the students’ results by the instructor both during and after the training session. 
This should be performed in two ways: first, during the exercise run to ensure 
that the training objective can be achieved and second after exercise comple-
tion in order to give the students an indication of their performance during the 
simulation run. (Benedict et al. p. 16)

Clearly, this topic provides an indispensable descriptive frame for the authors of 
these articles on MET. It makes it possible for researchers to describe and represent 
simulation-based pedagogies as a coherent and durable set of pedagogic relation-
ships and events that can be apt subjects for scientific discourse. As such, the topic 
plays a role in statements that explicate and highlight precisely how the training 
event in question is organised, which help explain its many appearances across most 
of the articles in our corpus.

4.4 � Topic 14—authentic assessment

14 Authentic assessment AUTHENTIC; RELIABILITY; VALIDITY; ASSESSMENT; RUBRICS; 
ASSESSMENTS; EVIDENCE; CONSISTENCY; SEAFARER; COMPE-
TENCE; AUTHENTIC ASSESSMENT; VALIDITY AND RELIABIL-
ITY; ASSESSMENT METHODS; AUTHENTIC ASSESSMENTS

[…] good assessment (formative or summative) has to be valid, reliable, prac-
tical, developmental, manageable, cost-effective, fit for purpose, relevant, 
authentic, closely linked to learning outcomes and fair. (Zažeckis et al. 2009)

The keywords for Topic 14—Authentic assessment focus on scientific values such 
as VALID, ASSESSMENT, REALIABLE, PRACTICAL, DEVELOPMETAL, 
MANAGEEABLE, COST-EFFECTIVE, FIT FOR PURPOSE, RELEVANT and 
AUTHENTIC. A qualitative content analysis analysing each data co-occurrence 
associated with the topic (n = 1,332) displays a corpus of studies that are critical for 
current assessment practices in MET and that are concerned with developing and 
validating assessment methods towards valid, reliable and consistent tests of com-
petence in simulator environments. Like the topic Academic Performance, the topic 
Authentic Assessment figures prominently and is found in 57 articles, spanning from 
the first article published in Journal of Navigation in 1962 to an article published in 
WMU JOMA in 2018. Although the first articles in the 1960s mostly address assess-
ments in the simulator as a rather straightforward matter (Weekes 1962; The Train-
ing of Navigators 1966), the complexities of simulator-based assessments become 
thematically central throughout the 1980s (Taylor 1998). At this time, reflections 
about the authenticity of test situations during individual driving tests are related to 
the everyday collaborative navigation practices of bridge teams. The studies that fol-
low emphasise validity, reliability and fairness in relation to simulator-based assess-
ments (Zažeckis et al. 2009; Malik and Zafar 2015; Orlandi et al. 2015; Ghosh et al. 
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2016, 2017; Sellberg 2017; Ernstsen and Nazir 2018). Although some of the studies 
are practitioner driven and practice oriented, investigating simulator-based assess-
ment in their own MET institutions (Zažeckis et al. 2009; Malik and Zafar 2015), 
others are more theory driven and empirically grounded (Orlandi et al. 2015; Ghosh 
et al. 2016, 2017; Sellberg 2017; Ernstsen and Nazir 2018). Nevertheless, in these 
studies, there is consensus that simulator-based assessments in MET need to be 
improved if they are to be perceived as legitimate tests of professional competence.

5 � Discussion and conclusion

Methodologically, the current paper contributes to research on simulation-based 
training in higher education for the professions by adopting a novel approach, com-
bining quantitative topic modelling and qualitative content analysis of the most cen-
tral themes in a corpus of premier scholarship on MET. The first review of its type 
in this area, the approach makes visible implicit conceptual notions about simula-
tion-based education and how these notions have developed and changed over time. 
In other words, the quantitative topic model, combined with in depth, ‘close read-
ing’, represents an inductive and data-driven approach to the 83 texts comprising 
our corpus. Consequently, a text mining method is particularly suitable for litera-
ture reviews because it allows us to automate certain aspects of process, revealing 
features of discourse that a human readers might miss (Fabbri et al. 2013; Thomas 
et al. 2011; Audrin and Audrin 2022). In our case, the topic model became an inter-
pretative resource for further inquiry on discourse on simulator-based training and 
assessment. In line with the reasoning of DiMaggio et  al. (2013), the probability 
distribution in our topic model was qualitatively validated to meaningfully capture 
the ‘aboutness’ of the prominent texts that conceptualise simulator-based learn-
ing in MET. While undoubtably reductionistic in itself, our text-mining approach 
provided an inductive catalogue of content first, displacing interpretative work to 
the aftermath of the computational procedure. So while the topic model is created 
inductively, this next interpretative step is actually an abductive process, where con-
textualization through the scholar’s own frame of reference play an important role 
(Shadrova 2021, p. 19).

The strength of augmenting close reading with quantitative topic modeling, is 
that it does not primarily rely on the researcher’s own predefined concepts and cat-
egories. Being inductive and data-driven, the topic model grounded our critical anal-
ysis of discursive trends in the field. It is not a given that this text-mining approach 
would result in the same themes that a more conventional in-depth reading would 
yield. Neither is the model to be taken at face-value, as our qualitative corrobora-
tion of the model did not find each of the 15 topics equally informative. While the 
search words initially chosen certainly constrains scope of the corpus, the quantita-
tive model should not be considered as merely an artefact of our search-procedure. 
Rather it should be considered as an epistemic resource that adds to our understand-
ing of how salient topics in the MET-field has developed over time, extending the 
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capacities of the human reader to identify and zoom in on fine-grained particulars 
across texts.

Our results indicate that the most prominent topics related to training and assessment 
in simulation from the selected maritime journals TransNav, WMU, JOMA and Journal 
of Navigation from 1961 until today are managing resources, academic performance, 
simulator training and authentic assessment. Notably, the ‘aboutness’ of these prominent 
topics reveals how the conceptualisation of simulator-based training and assessment 
is characterized by an instrumental approach, suggesting that the concept of learning 
is underdeveloped in the literature. Moreover, while the text-mining approach revealed 
that learning as a topic in maritime simulator-based training and assessment first occurs 
in the literature around 1980, it does not emerge as a central and explicit theme before 
2012. Thus, the implications and insights garnered from central maritime journals for 
building up an academic field of simulator-based training display a focus on performance, 
authenticity in the assessment methods, management of resources and the simulator as a 
setting for training. Consequently, investigating what prominent topics related to training 
and assessment might be influential recommendations for developing future research on 
topics related to the scientific field of education and towards investigating the concept of 
learning in the context of MET.

The topic model also helps us address our second research question: to qualitatively 
examine what kinds of central themes are used to describe simulator-based training and 
assessment in the corpus and how these themes and their examples have developed over 
time. Through detailed content analysis, our findings shows that historically, the concept 
of learning is not explicitly fleshed out in academic publications on MET between 
1961 and 2012. Instead, the field has relied on what Bruner (1996) describes as ‘folk 
pedagogy’, a set of lay theories and implicit assumptions about how students learn, without 
a clear theoretical foundation in the learning sciences and overt concerns about didactic 
competence. As Sellberg (2017) documents, MET is a research field historically dominated 
by human factors research. In our quantitative analysis, we can see how these studies are 
focusing on safety-related themes also when studying training and assessment in BRM 
and MRM courses (e.g., Felsenstein et al. 2013; Praetorius et al. 2020). Hence, our content 
analysis reveals that the central themes to describe simulator-based training and assessment 
are more oriented towards learning objectives as a product, than on the learning activity as 
a process. Gaining momentum over the last decade, a small but growing corpus of studies 
now also aims to scientifically investigate learning activities empirically, for instance, 
by examining simulator-based training and assessment practices (Benedict et  al. 2006; 
Sellberg and Wiig 2020; Sellberg et al. 2022). Still, few studies on maritime training and 
assessment explicitly adopt process-based theories of learning. However, MET should 
be enriched by research that can advance the field in terms of what domains to train (and 
how to train them), ensuring that the training and assessment activities that take place in 
simulator environments fulfil those learning objectives connected to high-risk industries.

Moreover, our text mining approach suggests that reflexive conceptualisations 
of learning in maritime simulations appears to be mainly connected to the WMU 
Journal of Maritime Affairs and its IAMU section, a part of the journal dedicated 
to publishing research from the International Association of Maritime Universities. 
Because our investigation was based on data from three international, peer-reviewed 
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journals within the maritime field, this limitation to domain-specific journals might 
explain why the concept of learning makes such sparse appearances in the earliest 
research on simulator-based learning in MET. Certainly, valuable conceptualisations 
of simulation-based learning might be found in other journals, edited books and 
publication venues that are not peer reviewed, such as grey literature and content 
on social media. Still, the chosen journals are historically recognised as core 
publications within the scholarship on maritime training and assessment, thus 
providing an interesting repository for intellectual history about how simulator-based 
learning has been conceptualised by researchers. Moreover, while compiling the 
corpus in the data-collection phase, we chose to highlight ‘training’ and ‘assessment’ 
as the search words, rather than explicitly searching for the concept of ‘learning’. 
This was based on insights from previous reviews by Sellberg (2017) and Wahl and 
Kongsvik (2018) that have documented how the sociology of knowledge in the field 
of MET emphasises training and assessment for international certification schemes. 
Here, our intention was to gather this assortment of studies and explore how learning 
is framed historically in peer-reviewed publications on MET. The mixed-methods 
approach to our corpus from three notable journals helps us better understand the 
historical transformation of MET from a vocational programme towards an academic 
education. These findings have the potential to inform the educational preparation of 
future professionals within other safety–critical domains and to raise our awareness 
about the epistemic presuppositions that inform simulation-based learning activities 
as tools for professional learning in higher education.
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