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Introduction
Unique designs and applications of simulation have demonstrated wide educational suc-
cess in many academic disciplines and professions, for example, nursing (Wyatt, Archer, 
& Fallows, 2015), computing (Jamil & Isiaq, 2019), business (Yahaya et  al., 2017), and 
education (Chini, Straub, & Thomas, 2016). Pedagogical features of simulation are gener-
ally creative and interactive, having capabilities to facilitate specialised contents through 
multiple means, for example the provisions for using practical experiences through con-
scious and repetitive practices, which can supply rich learning to students (Bryan et al., 
2009; Kolb, 1984; Sawyer et al., 2011). Additionally, simulation can link academic learn-
ing with professional activities, thus many academic programmes use it as an alternative 
for industry placement (Kelly et al., 2014; Rochester et al., 2012).

Maritime simulation provides naval experiences through virtual representations of 
ships as well as surrounding environments and geographic locations (Woolley, 2009). 
The versatile and realistic functionalities supply exposures of vessel operation and 

Abstract 

In this paper, we explore the learning and teaching of a maritime simulation pro-
gramme to understand its deep learning elements. We followed the mixed methods 
approach and collected student perception data from a maritime school, situated 
within a UK university, using reflection-based survey (n = 112) and three focus groups 
with eleven students. Findings include the needs for defining clear learning outcomes, 
improving the learning content to enable exploration and second-chance learning, 
minimising theory–practice gaps by ensuring skills-knowledge balance and in-depth 
scholarship building, facilitating tasks for learning preparation and learning extension, 
and repositioning simulation components and their assessment schemes across the 
academic programme. Overall, the paper provides evidence on the importance of 
deep learning activities in maritime simulation and suggests guidelines on improving 
the existing practice. Although the findings are derived from a maritime education 
programme, they can be considered and applied in other academic disciplines which 
use simulation in their teaching and learning.

Keywords: Maritime simulation, Deep learning, Pedagogy, Higher education

Open Access

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creat iveco mmons .org/licen ses/by/4.0/.

RESEARCH ARTICLE

Jamil and Bhuiyan  
Int J Educ Technol High Educ           (2021) 18:18  
https://doi.org/10.1186/s41239-021-00255-0

*Correspondence:   
golam.jamil@bristol.ac.uk 
1 University of Bristol, 
31 Great George Street, 
Bristol BS1 5QD, UK
Full list of author information 
is available at the end of the 
article

http://orcid.org/0000-0001-8363-5535
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41239-021-00255-0&domain=pdf


Page 2 of 22Jamil and Bhuiyan  Int J Educ Technol High Educ           (2021) 18:18 

associated mistakes, port facilities and naval architecture (Haun, 2014). Human errors 
are the primary cause for maritime accidents (Allianz Global Corporate & Specialty, 
2017), therefore maritime simulation is an important requirement in the training and 
professional development activities for seafarers to ensure safe and efficient navigation 
and seamanship.

Simulation training is offered in maritime education at many universities across the 
world. However, the teaching and learning features, value and impacts of this scheme 
are under-researched (Paine-Clemes, 2006; Pallis & Ng, 2011). One of the limitations 
of maritime simulation is its singular focus on common human errors and associated 
responses, not the wider application of learning they facilitate (Hanzu-Pazara, 2008). 
Besides, maritime simulation programmes are predominantly training, or repetitive-
practice based, thus their academic rigour is not always gauged according to common 
principles of higher education, such as self-regulated, inquiry-based, shared, and applied 
learning (Evans & Kozhevnikov, 2016; Morley & Jamil, 2021; Stern, 2016). However, 
research-informed discussion on the teaching and learning within maritime simula-
tion environment is gradually expanding in the literature. Examples include students’ 
self‐efficacy and motivation (Renganayagalu et al., 2019), academic module standardisa-
tion (Park, 2016), approaches to managing crisis and complex tasks (Baldauf et al., 2016; 
Hjelmervik et al., 2018), and role of reflection (Sellberg et al., 2021) in maritime simula-
tion programmes. This paper adds a fresh perspective to this discourse and discusses 
the aspect of deep learning elements in such a technology-enabled and scenario-based 
teaching/learning practice.

Maritime simulation: a pedagogical overview
Presently, simulation exercises in higher education are largely dependent on technol-
ogy. With the help of high-end machineries, modern simulators have powers to create 
complex and creative learning activities. However, it is plausible that the extensive use 
of technology in education is not always helpful for effective teaching and learning. For 
example, learners’ disparate levels of confidence, knowledge, and skills of using tech-
nology may lead to mixed learning outcomes in such a learning environment (Johnson 
et al., 2016). Additionally, the lack of proper pedagogical designs and their efficient use 
in technology-enhanced learning may trigger challenges and dissatisfaction for stu-
dents and teachers (Arinto, 2016). Therefore, a simulation environment needs to address 
both the technological and pedagogical aspects for enabling effective learning (Sellberg, 
2018).

Maritime simulation is a technology-enabled virtual reality environment. The hard-
ware or equipment, ship operation tools, and the specially designed learning space used 
for creating such an environment is called a simulator. Maritime simulators use large 
electronic screens, computer graphics and mathematical modelling for creating artifi-
cial three-dimensional scenarios. The scenarios are visually convincing, and they con-
tain photo-realistic seascape, interiors of ships, sea environments, coastal areas, and 
seaports. Maritime simulation is a common and often mandatory training requirements 
for maritime professionals including ship officers, shipping companies’ superintendents, 
marine pilots, and port officials. These training programmes minimise gaps between 
theory and practice within an interactive professional learning environment. Students 
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participate in collaborative role plays as the same way they would do in operating real 
ships. The tasks contain different learning objectives and assessment criteria for indi-
vidual simulation scenarios. Through physical and cognitive engagement, students deal 
with varied challenges and environmental conditions. They plan their voyage, prepare 
navigational equipment, and navigate the ship. The courses are expected to prepare 
them for managing stress, prioritising multiple tasks, and dealing with emergencies and 
changing conditions in real situations. These courses are generally facilitated by instruc-
tors having prior experience of navigating actual ships, and by technicians and technical 
instructors who operate the simulator. This paper explores pedagogical aspects of Bridge 
Simulation (BS), a common maritime simulation that creates virtual environment of the 
Bridge or the command centre of a ship from where all sides of the sea and waterways 
can be viewed.

Generally, the pedagogical characteristics of maritime simulation are complex because 
maritime programmes combine cognitive and behavioural features of training (Cunning-
ham, 2015; Mindykowski, 2013). Unlike regular academic courses in higher education, 
maritime programmes have widely varied durations making their learning and teaching 
procedures unique. However, all these programmes require to comply with the Stand-
ards of Training, Certification and Watchkeeping for Seafarers (STCW) regulations. 
STCW provides comprehensive academic guidelines on maritime training objectives, 
entry requirements for students, trainers’ qualifications, training methods, learning 
resources, assessment schemes, and certification (International Maritime Organization, 
2020). Maritime simulation including Bridge Simulation programmes are required to 
fulfil these requirements as well.

To accomplish pedagogical and professional expectations in an academic programme; 
addressing the ethos, conventions and goals of the respective academic discipline is 
essential (Rystedt & Sjoblom, 2012). This cultural alignment is vital in maritime simula-
tion research, particularly to understand the implications of simulation technology in 
the pedagogical practice and maritime profession. Historically, there is a disciplinary 
divide in terms of meanings and applications of pedagogies, thus the adaptation meth-
ods of technology and their academic goals are different in different disciplines. Shul-
man’s concept of ‘signature pedagogies’ elaborates this individuality of instructional 
conventions, particularly how the academic programmes follow distinct teaching–
learning approaches to preparing students for different professions (Shulman, 2005). 
Therefore, the pedagogical insights into maritime simulation are expected to include dis-
cipline-focused and maritime professional skills related discussion. The key objective of 
this paper is to evaluate a maritime simulation programme to understand its disciplinary 
features linked to any elements of deep learning.

The importance of deep learning in maritime education
The term ‘deep learning’ conveys two separate domains of knowledge linked to technol-
ogy and learning. First, it refers to a subfield of machine learning which deals with algo-
rithms and artificial intelligence (Goodfellow, Bengio, & Courville, 2016). Differently, 
academics and education researchers use it to mean higher order cognitive and emo-
tional competencies that can build a learner’s character as an effective thinker and doer 
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in complex situations (Quinn et al., 2019). In this paper, we explore the aspects of the 
second domain within the context of maritime and higher education.

Higher education and deep learning

Advance HE, the professional membership scheme provider in the UK, defines five com-
petencies, namely critical thinking, problem solving, collaboration, communication, 
and learning to learn as key elements of deep learning (Advance HE, 2020). These skills 
broadly characterise the features of learning and teaching in higher education; thus, 
university academic programmes are expected to embed them explicitly and implicitly. 
Deep learning skills are often interconnected and reciprocal in their actions and impacts.

• Critical thinking is ‘a crucial skill to cope with uncertainty, complexity and change’ 
(Caena, 2019, p 23). It is a cognitive ability to understand different aspects of an issue 
or action through careful considerations and analysis of information (McPeck, 2016). 
In higher education, critical thinking is considered as an important indicator to pre-
dict students’ long-term and professional success (Nold, 2017). Research evidence, 
for example Hyytinen et al. (2019) and Pnevmatikos et al. (2019) shows that carefully 
designed pedagogical activities can enhance critical thinking skills of students in aca-
demic programmes.

• Problem-solving is a special cognitive capacity and an essential graduate skill for 
learning, employment, and greater economic development (Greiff et  al., 2013; 
Lowden et al., 2011). It supplies strategies to resolve cross-disciplinary and real prob-
lems (OECD, 2004). In higher education curricula, other deep learning skills, such as 
critical thinking and collaboration can help students develop problem solving com-
petence and gain academic success (Arvanitakis & Hornsby, 2016; McPeck, 2016).

• Learning is a social phenomenon in which interaction and negotiation of information 
are vital (Vygotsky, 1978). Collaboration creates opportunities to tackle challenges 
and co-create ideas in a shared learning environment. Additionally, it promotes 
engagement, teamwork, and social skills which are essential in professional practices 
(Scager et al., 2016). In higher education, pedagogical approaches and activities, such 
as seminars and problem-based assignments can enable collaboration. To ensure 
effective collaboration, the use of challenging and interesting tasks in pedagogies is 
important to develop students’ shared ownership and understanding (Scager et  al, 
2016).

• Communication is another essential skill required in daily life and education at all 
stages. There are three main types of communication: verbal (spoken and written); 
nonverbal (the use of sign and body language); and visual (such as illustration, typog-
raphy, and animation). Effective communication includes using proper language, 
comprehension, questioning, active listening, and cultural awareness (Henderson 
& Mathew, 2016). In higher education, communication is considered as an impor-
tant graduate attribute to achieve academic excellence and employment (OECD, 
2013). Research findings suggest to include inquiry (Carter et al., 2016), discussion 
(Dallimore et al., 2008), and student-centred learning activities (Baporikar, 2018) to 
enhance students’ communication skills in higher education.
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• Learning to learn is a long-term and transferrable competence (Hoskins & Fre-
driksson, 2008; Taguma, Feron, & Hwee, 2018). It involves practical strategies 
and skills for personal development; for example, academic skills, time manage-
ment, and exploring difficulties in learning processes as well as identifying poten-
tial solutions (European Council, 2018; Nisbet & Shucksmith, 2017). The value of 
learning to learn skills in higher education is great, particularly for its consistent 
use in students’ future profession and work. In formal education, students’ learn-
ing to learn capacity can be enhanced through developing their critical thinking, 
problem solving and learning management or metacognition skills (Caena, 2019).

Scope of deep learning in maritime education and training

Traditionally, maritime curricula, particularly their training programmes, are domi-
nated by elements of hands-on practical skills implementable in the respective profes-
sional practice. Positioning this trend and learning objectives within higher education 
settings is problematic as historically higher education programmes are designed to 
develop learners deep learning or cognitive capabilities, such as critical thinking and 
analytical skills (Manuel, 2017). Because of this variance, and the different roles of 
seafarers, some higher education institutions provide academic and pure vocational 
curricula separately (Francic, Zec, & Rudan, 2011). However, in recent years, mari-
time training and legislation authorities are highlighting the need of incorporating 
deep learning skills in maritime curricula. For example, in 2018, the International 
Association of Maritime Universities (IAMU) identified fifteen key competencies for 
future seafarers, namely technical competencies, technological awareness, adaptabil-
ity and flexibility, computing and informatics skills, teamwork, communication skills, 
leadership, discipline, environmental and sustainability awareness, learning and self-
development skills, complexity and critical thinking, language ability, professional-
ism and ethical behaviour, responsibility, and inter-personal and social skills (cited 
in Cicek et al., 2019). This list of competencies includes deep learning skills, such as 
critical thinking, communication, teamwork, and learning to learn skills.

The ongoing Fourth Industrial Revolution or Industry 4.0 is altering traditional 
industrial practices through remotely controlled and automated technology which 
uses machine-to-machine communication and artificial intelligence (Grzybowska & 
Lupicka, 2017; Lasi et  al., 2014; World Economic Forum, 2016). This fast-changing 
role of technology is also transforming maritime equipment and operations which 
require new knowledge and professional skillsets. As a result, seafarers now need to 
improve their capacity to adjust with changed work environments and new opera-
tional procedures, for example with unmanned or remotely operated vessels. The 
incorporation of deep learning skills in maritime education and training emerges as 
a helpful approach in preparing seafarers for more technology-oriented and complex 
work environments. The emerging applied and real-world learning concepts show 
practical approaches to accommodating deep learning skills in higher education and 
professional training programmes leading to certain professions including maritime 
industry (Morley & Jamil, 2021).
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The study
In acknowledging the lack of pedagogical discussion on maritime simulation in higher 
education literature, and to explore the scope and feasibility of deep learning skills in 
maritime simulation sessions, we investigated the following three research questions 
through analysing relevant experiences and perceptions of students.

 i. How do the students’ learning experiences define  features of maritime simulation 
pedagogy?

 ii. To what extent do their perceptions indicate deep learning elements in the simula-
tion practice?

 iii. To what extent do the findings supply pedagogical directions for enhanced teach-
ing and learning activities in maritime simulation?

Methodology
We followed the mixed methods approach in our research and used Bridge Simulation 
(BS) training courses of a reputed maritime school at a UK university as a case study. 
The department was using a Kongsberg Maritime Polaris Bridge Simulator for a full mis-
sion simulation training (www.kongs berg.com). This simulation setting supplies one Full 
Mission Simulator (FMS) and five multi-purpose navigational simulators. The facilities 
of the simulator include sophisticated configurations, such as different modern navi-
gational equipment, propulsion system, single and twin rudders, bow and stern thrust-
ers, portfolios of ‘own-ship’ and target ship structures, and database. By using BS, the 
school offers a range of operational and management level maritime courses, for exam-
ple Navigation Aids, Equipment and Simulation Training course (NAEST), Electronic 
Chart Display and Information Systems (ECDIS), Bridge Team Management (BTM), 
Bridge Resource Management (BRM), and Yacht Navigation and Radar. In the research, 
we investigated general pedagogical approaches and procedures of these training pro-
grammes through exploring learning experiences and perceptions of the students. We 
had obtained ethical approval from the parent university and followed all standard ethi-
cal guidelines in the entire study.

Research participants

A total of 115 students including 8 in both the surveys and focus group, and 3 only in 
the focus group, participated in the study (112 in the surveys and 11 in the focus group 
sessions). The students had a rich mixture of professional levels and experiences, namely 
(i) young cadets studying towards a professional degree required for working as OOWs 
(Officer of the Watch) in the ship industry, (ii) experienced yacht officers aiming for pro-
fessional progression, and (iii) experienced pilots of a renowned British port attending 
a short course as part of continuing professional development (CPD). We categorised 
them in three age groups, namely under 30, 31–40, and 40 and above to obtain separate 
professional experience levels. This age-based categorisation was suggested by one of the 
researchers of this study who has more than thirty years of maritime industry experi-
ence including navigation, ship operation, and management of multinational crews. 

http://www.kongsberg.com
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According to his observation, under 30, 31–40, and 40 and above years old participants 
generally have entry to intermediate level, mid-level, and senior level professional expe-
rience respectively. The data suggest, most of the participants were male and under the 
age of thirty (see Fig. 1 below).

The students were attending courses leading to Merchant Navy and Commercial Yacht 
certifications during the data collection period. BS courses were embedded as an inte-
gral academic component of the programmes. The diverse professional exposures and 
varying lengths of experience of the students provided a powerful experiential account 
of simulation-based learning and teaching.

Data collection methods

We collected research data using two methods: (i) survey (n = 112) in ten BS sessions 
with a reflective self-report questionnaire, and (ii) three focus group sessions with 11 
students. The self-report survey data were rich as they contained responses with the 
information of gender, age, and experience differences; and on multiple themes, namely 
pedagogic procedure, learning content, student engagement, and motivation (Sue & 
Ritter, 2007). The focus groups supplied elaborate answers to the research questions 
along with useful examples and explanations (Bergold & Thomas, 2012). Broadly, the 
survey addressed Research Question 1 by allowing students to share responses on dif-
ferent pedagogical components. The focus groups mainly addressed Research Ques-
tion 2 by providing opportunities to reflect on features of maritime simulation as well 
as their deep learning elements. The survey and focus groups together were expected to 
help explore pedagogical directions for enhanced maritime simulation practice which 
addressed Research Question 3.

The survey questionnaire contained eighteen items including two demographic ques-
tions (gender and age), and sixteen self-evaluation items equally divided into four ped-
agogical areas. The questions were inspired by related learning theories, educational 
concepts, and empirical studies (see Table  1). The objectives for narrowing down the 
survey items within the four areas were to enable a focused investigation and obtain 
baseline understanding of the qualities of simulation-based teaching and learning.

Except the demographic questions, the response options for the survey items were in 
five-point Likert scale: Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree 
(Likert, 1932).
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One of the authors of this paper, who was not a member of the maritime school where 
the study took place, facilitated the focus group sessions. The researcher did not have 
any prior teaching or academic support relationship with the research participants 
which helped avoid any potential bias or concerns in sharing information freely. Each of 
the sessions lasted about forty-five minutes. The discussion topics were centred on BS 
pedagogies, mainly the activities that enabled or hindered learning of the participants. 
The key questions were,

• What were the learning objectives of BS classes?
• What did the BS sessions want you to learn?
• What elements of the BS sessions did attract you the most and why?
• To what extent was the BS module relevant to your future profession?
• To what extent were the assessment schemes of BS modules reliable?

While the nature of discussion was mainly shared and complementary, the questions 
encouraged the participants to reflect and share views critically and with examples.

Data processing and analysis procedure

We processed the survey data using Statistical Package for the Social Sciences or SPSS 
software (version 24). The data were on an ordinal measure and there was a substantial 
difference between the sample sizes, particularly between genders (male: female = 104: 
8). Therefore, we used non-parametric methods, namely Mann–Whitney U test (with 
gender data which contained two groups), Kruskal–Wallis H test (with age data which 
contained three groups), and Median. We also used Spearman’s Correlation to find 

Table 1 Themes and items of the survey questionnaire

Themes Survey items Source literature (theories, concepts, and 
empirical studies)

Procedure If the learning and teaching procedures followed 
a systematic sequence, sufficient time, required 
clarifications and suitable assessment activities

Systematic sequence of teaching (Kim, 2018; 
Muijs & Reynolds, 2017)

The importance of questioning and clarification 
in pedagogic practice (Perrott, 2014)

Importance of assessment in teaching and 
learning (Baird et al., 2017)

Content If the learning materials were proper, understand-
able, contemporary, and multimedia-based

Links between learning content and effective 
teaching (Ball, & Bass, 2000; Jones, 1987)

Qualities of learning material (Hansen & Gissel, 
2017)

Motivation If the sessions were interesting, inspiring, 
profession-relevant, and satisfying

Impacts of content, process, and environment 
on student motivation (Williams & Williams, 
2011)

Concept of self-efficacy and learning experience 
(Bandura, 1977)

Engagement If the session facilitated conscious learning, active 
participation, sharing of ideas, and accomplish-
ment of the set goals

Need for conscious and active engagement in 
learning (Zepke, 2015)

Engagement through attention, interaction and 
sharing (Lawson & Lawson, 2013)

Links between student engagement, active 
learning and learning outcomes (Hartikainen 
et al, 2019; Lei & Zhou, 2018)
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statistically significant levels of relationship between the pedagogical elements, namely 
procedures, content, motivation, and engagement.

We audio recorded all the focus group sessions and transcribed them verbatim with 
the help of a professional transcriber. We processed the data manually and in three 
stages: (i) generated initial codes by identifying and separating individual features of the 
simulation pedagogy and its deep learning elements, (ii) grouped the codes to gain initial 
themes, namely teaching/learning procedure, assessment, decision making provision, 
leadership skills, problem-solving activities, theory–practice gaps, challenging nature of 
the content, and intended learning outcomes, and finally (iii) positioned the themes in a 
narrative description. While analysing the findings, we cross-evaluated the survey and 
focus group results. We also compared the findings with established higher education 
concepts. This data triangulation was helpful in achieving rich perspectives and practical 
conclusions (Johnson et al., 2007; Teddlie & Tashakkori, 2009).

Findings
The survey and focus group data shed light on students’ learning experiences in mari-
time simulation from two broad perspectives: maritime simulation as a pedagogical 
approach, and the presence of deep learning elements in such an educational environ-
ment and procedures. The findings together supplied insights into approaches that can 
address both the higher education and professional requirements in the changing mari-
time industry.

Survey findings: Maritime simulation as a pedagogical approach
We were interested to verify if there were any significant difference in student percep-
tions in terms of genders and age groups. The Mann–Whitney U Test results did not 
show any significant difference between the male and female students in terms of how 
they perceived their engagement, motivation, content, and educational procedures in 
Bridge Simulation (BS) sessions. The Kruskal–Wallis H Test results also showed statisti-
cally insignificant results for the students of dissimilar age. These findings suggest simi-
lar learning experiences of different gender and age groups in the BS sessions. The effect 
sizes in the tests results were mainly small and in two cases moderate (see Table 2) indi-
cating minor differences among the gender and age groups.

The Spearman’s Correlation measurement test demonstrated levels of linear relation-
ship between the students’ perceptions of engagement, motivation, content, and edu-
cational procedure (see Fig.  2). Based on the interpretation proposed by Dancey and 
Reidy [+ 0.1/ + 0.2/ + 0.3: weak, + 0.4/ + 0.5/ + 0.6: moderate, + 0.7/ + 0.8/ + 0.9: strong] 
(Dancey & Reidy, 2007), the results revealed a mixed relationship between the four 
elements.

The results in Fig. 2 indicate a moderate relationship between engagement, motivation, 
and educational procedures. It is plausible that the educational procedure or learning/
teaching activities in the BS simulation had modest influence on students’ engagement 
and motivation, which is generally expected in the educational practice.

The content of BS showed different levels of relationship with the other three ele-
ments. On the one hand, it showed moderate relationship with students’ motivation 
indicating its possible success in creating curiosity and interest for learning. On the 
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other, the content had weak relationship with engagement and teaching/learning pro-
cedure indicating the likelihood of its less inspiration as well as students’ less satisfac-
tion in using them. These speculations are also supported by the low Median score of 
content (Median 3.25) compared to the scores of engagement (Median 4.25), motivation 
(Median 4.25), and learning procedures (Median 4.25), as listed in Table 3.

Focus group findings: elements of deep learning in maritime simulation
Focus group data revealed general features of Bridge Simulation (BS) including its 
assessment-centredness and strong emphasis on problem-solving and decision-making 
skills. They also indicated the need for revamping traditional BS sessions according to 
defined learning outcomes and through incorporating realistic approaches to minimis-
ing theory–practice gaps. In reporting the findings, we did not categorise the student 
views based on gender or age because the survey results did not show any significant 
difference in these areas. Besides, we did not find any conflicting differences in student 

Table 2 Effect sizes for Mann–Whitney U Test and Kruskal–Wallis H Test

** 0.1: small effect, 0.3: moderate effect, 0.5 and above: large effect (Cohen, 1988)

Mann–Whitney U Test (gender) Kruskal–Wallis H Test (age)

Scores Effect size Scores Effect size

Engagement 250.50, p = .12
Z = − 1.57
N = 101

.31 (moderate) Chi square = 2.23
p = .33, df = 2
N = 100

.10 (small)

Motivation 333.50, p = .63
Z =− .49
N = 101

.10 (small) Chi square = 5.01
p = .08, df = 2
N = 101

.36 (moderate)

Content 294.00, p = .39
Z =− .86
N = 98

.17 (small) Chi square = 1.39
p = .50, df = 2
N = 97

.16 (small)

Procedure 335.50, p = .68
Z =− .42
N = 100

.08 (small) Chi square = .99
p = .61, df = 2
N = 100

.21 (small)

**. Correlation is significant at the 0.01 level (2-tailed).
Fig. 2 Correlation between pedagogical elements
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perceptions linked to simulation practices between the three focus group sessions. The 
data were rather complementary which helped formulate the following narrative on the 
teaching and learning in maritime simulation environment. However, we mention the 
following codenames in quoting data to provide relevant backgrounds, namely respec-
tive session numbers and types of participants.

FG1: session one with young cadets studying towards a professional degree
FG2: session two with experienced yacht officers
FG3: session three with experienced pilots

The focus group data report various instances of deep learning elements. These 
include decision making, implementation and analysis of decisions, and reflection as 
critical thinking and problem-solving activities; using prior learning and learning from 
mistakes as learning to learn practices; and faculty-student teamwork and students’ use 
of technical communication for leading and managing simulation tasks as collaboration 
and communication activities  (see the four discussion themes below).

Assessment is the heart of BS sessions, and problem‑solving drives the learning

Students considered the simulation sessions were mainly an assessment practice through 
which they were able to test their prior learning gains.

It (simulation) was basically focused on what we had already learnt during other 
parts of our course… There was a brief introduction to the simulators and then sort 
of straight away we were there using the simulators … I felt as they were always 
monitoring what we did, the way we were complying with everything which then all 
built up to the final larger assessment (FG2).
We were informed that it was a continuous assessment throughout and on the first 
hour he (the lecturer) said how we were to be assessed. It was a publication we were 
given so we were aware of what we were being asked of … (FG1).

The assessment was formative in nature and students were expected to learn from 
their mistakes.

They (the lecturers) observe the first three days of teaching and then the last two 
days they examine you so the first three days you can make mistakes and they’ll tell 
you what’s going wrong (FG2).
… if they (the lecturers) felt that one person in the Bridge was weaker, they would let 

Table 3 Student perceptions on bridge Simulation sessions

Engagement Motivation Content Procedures

N

 Valid 100 101 98 102

 Missing 12 11 14 10

Mean 4.17 4.13 3.36 4.08

Median 4.25 4.25 3.25 4.25

Std. Deviation .59 .66 .49 .60
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us know and take us aside privately and say you really made the wrong manoeuvre 
or you’re seeming very stressed, and then maybe give some private tuition (FG1).

The lecturers monitored simulation activities closely and engaged themselves as team 
members.

… they’re assessing your personality and how confident you are, how assertively you 
can make decisions. They were quite fair, and they’ve got quite a good way of assess-
ment … they’re monitoring your actual decisions, how you interact on the Bridge 
(FG1).

Decision making for real‑world is the key educational goal

Students had opportunities to take divergent decisions based on situational demands. In 
this regard, a student shared the following activity.

… a traffic separation scheme exercise was crossing the Dover straight, a busy area 
and we all three ships made different decisions. The vessel I was on, we decided to 
adjust our speed and stay ninety degrees to the TSS (Traffic Separation Scheme). It 
was something which personally I think I overlooked how to reduce speed and speed 
up could work and it meant that you could cross the TSS effectively. But I guess I 
overlooked that possibility before, and then I thought we’ve done the best job wherein 
that all those guys have gone the wrong way down the TSS … in reality, we learnt 
that adjusting your engines like that can also be problematic in a realistic environ-
ment with the engineers and it may also not be readily apparent, and sometimes an 
alteration of course might have been more effective. I think that was the first time 
when all three ships had made very different decisions to achieve one end goal and 
we were able to take apart each bit and formulate what we think was the best deci-
sion in the end (FG3).

They experienced changing roles and implemented decisions in various situations.

In brainstorming, people’s strengths and weaknesses were highlighted in a Bridge 
team, but there was always an Officer of the Watch (OOW), one or two Radar Oper-
ators and a Helmsman, so there was clear sort of delegation, and then the next exer-
cise you’d switch it round and there’d be a different officer … (FG1).
In reality, there are times when the pilot may overlook something because there are 
so many things and multi-tasking on the Bridge and so many things to look after, 
and he can make errors too. I think the important thing I learnt was not to neglect 
your duty as an officer and that you have responsibilities of the ship under the Mas-
ter (Captain) (FG3).

Students also had occasions when they reflected on their activities and analysed deci-
sions which they had to take in simulation environment.

We had three different Bridges, and there were three different ways of doing what we 
did … you could just look through and go … all of them are correct but it’s all just 
different sort of ways around it … (FG1).
They had all the recordings up there and they would say why you did that. They 
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would then answer and say well that’s good, did you think you could’ve done this 
better … (FG2).

The sessions also involved leadership building activities.

On the first day, they gave us a sheet that said each of the exercise (simulation sce-
narios), who was the Officer of the Watch, who was the Radar (Officer), who was the 
Helmsman. … It was whoever it happened to fall on which actually gives the chance 
to show your leadership qualities (FG1).
… we were talking about Bridge team management which would come in handy in 
future when you’re trying to deal with other people, how would you manage, which 
is quite interesting (FG2).

Students experience theory–practice gaps and a lack of intended learning outcomes

Students found a blend of theoretical and practical elements in BS tasks, but the 
expected learning outcomes were not always clear to them.

It was a good combination of theoretical elements in the course so far like Rules of 
Road (Collision regulations at sea), application of the Rules of the Roads, not just 
spitting them out verbatim, we can apply them in traffic separation schemes (FG3).

Besides, achieving knowledge was the ultimate goal whereas the students thought they 
did not always gain the relevant skills.

I think it’s just the knowledge because it’s not a course that’s meant to enhance your 
boat handling abilities, it’s just meant to show that you know what you’re doing 
(FG2).
The Bridge Simulation is very much focused on navigation, and we’re also studying 
the cargo aspect, stability, weather meteorology, so it is very much focused on safety 
of navigation. I think the exercises that we handled were of much greater difficulty 
than we’d expect to handle in real life. I think they just want us to know that we can 
call the Captain, and, if we were in the worst-case scenario, how we would deal with 
the situation (FG1).

The students thought the simulation tasks were less challenging and thus they learned 
a little from these activities.

This course was actually combining everything we’ve already learnt which is why 
there wasn’t too much learning involved (FG2).
There were some sorts of time constraints … there was a lot going on, but I thought it 
was again quite good to add a bit of pressure and just sort of realism to it … (FG1).

Students felt the need for carefully designed BS sessions

In focus groups, students expressed their hope on using contemporary vessels and mod-
ern equipment. They also emphasised the adoption of advanced simulation content 
which can supply futuristic scenarios.

[In BS,] … we use so much visual information. A small field of vision in a simulator for 
the sort of work we do is always fairly close quarter (situations) …. You know it becomes 
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a game because you’re just looking at electronics where we may use to get to where we’re 
going. But, once we get there, it’s still very visual. Being a pilot, a simulator for us has to 
be good visually (FG3).
I think the stuff that we’re doing at the minute is pretty old, old sort of Bridge Simula-
tion stuff (FG2).
I’m pretty sure that a lot of ships now and yachts are operated from the controls. It’d be 
pretty handy to know how to use all this modern equipment… maybe even a couple of 
years in the future, what a futuristic Bridge will look like … (FG2).

Students suggested to use diverse and challenging content, but they believed unrealistic 
and extremely tough scenarios may become a confidence killer.

You’re using different sorts of ECDIS (Electronic Chart Display and Information Sys-
tem), and the assessment is different here. It would be quite nice to have it streamlined 
(FG2).
The basic principle of simulation is to give the people confidence. So, if you overload 
them with scenarios that are unrealistic, all you’re going to do is just destroy their con-
fidence (FG3).

They also discussed benefits of addressing participants’ experience and learning expecta-
tions in BS activities.

I suppose many people come here who have only a couple of years’ experiences and may 
not have much or any experience on the Bridge at all. They’ll probably get a lot more 
out of it than what some of us would have been doing for ten, fifteen years (FG3).
Ours (profession) is very much driven by what we want to achieve, so once you become 
a class-one pilot, you pretty well have some set pieces you have got to do each time, but 
the rest of it is what you want to do (FG3).

Overall, students considered the positioning of simulation modules in the curriculum is 
an important step towards enabling effective learning.

… within three years, we do sort of four-five months doing basic stuff. Then, we go to sea, 
we do nine months at college doing a little bit more advanced stuff, go to sea, and then 
for us we’ve just got this phase (BS training). We’ve got loads of short courses, we’ve got 
the Nexus simulator (maritime simulation software) course, we’ve got GMDSS (Global 
Maritime Distress and Safety System) radio communications course, lots of these sorts 
of courses, and then we’re just prepping for our final oral exams. By this stage, we’re not 
learning anything new, we’re revising and refreshing what we’re doing (FG1).
Timewise it was quite constrained, and I think as a class we all agree that maybe if we’d 
done something similar like this in the past, then we would’ve had a better platform to 
do this course (FG1).

Discussion
As depicted in the research questions, the aims of our study were to explore three areas 
of maritime simulation programmes: (i) student perceptions of the learning and teaching 
features (ii) the extent of deep learning elements, and (iii) feasible approaches, if there 
are any, for improving the existing practice. The survey and focus groups individually 
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and together shed light on these areas and supply fresh insights into the use of maritime 
simulation as an academic approach to facilitating deep learning.

Firstly, the survey findings illustrate pedagogical features, namely teaching/learning 
procedure, content, motivation, and engagement in maritime simulation practice. This, 
along with the findings from the focus groups, responds to Research Question 1. The 
survey results report students’ high satisfaction in areas of teaching/learning procedure, 
motivation, and engagement. A moderate relationship between them also indicates their 
effective and mutual influences in creating an active learning environment. However, a 
possible lack of enabling power in the content is identified through its weak relationship 
and influence on the areas of teaching/learning procedure and student engagement. In 
focus groups, students felt they did not require any preparation to participate in the sim-
ulation sessions which is probably a reason behind this drawback. It is likely that either 
the content is not challenging, therefore the students do not feel the need for extra prep-
aration; or the lecturers do not provide any structured preparatory activities for students 
which could make the sessions more engaging. Empirical studies suggest student prepa-
ration for actual sessions can enhance students’ access and interest to learning content 
(Yumusak, 2020), and can facilitate participation and collaboration in the actual sessions 
(Blaser, 2019).

In technology-enhanced learning environments, student engagement and motivation 
are critical areas which are dependent on teaching structure, strategies, and educational 
content (Bond et  al., 2020; Dunn & Kennedy, 2019). Although the students reported 
their continued engagement in simulation tasks, the focus group results suggest mixed 
perceptions on the aspects of motivation and learning expectations. Students’ low sat-
isfaction about the content and its weak relationship with the other pedagogical com-
ponents, namely engagement and procedure (see Fig. 2) signal several possible reasons, 
for example the content was not adequately interesting and encouraging, or students did 
not recognise the value of the content as they did for the teaching and learning proce-
dure. Another possible reason emerged in the study is the assessment-centred nature of 
simulation sessions which may have prevented students from doing exploration, risk-
taking, and experimentation.

Secondly, the focus group results, in association with the survey findings, reveal the 
state of deep learning elements in the simulation practice, and answer Research Ques-
tion 2. Critical thinking and problem-solving in the form of decision making, imple-
mentation of decisions in changed situations and roles, analysis of decisions, and 
reflection-based activities appear strongly in students’ comments. Students also report 
instances linked to learning to learn practices, namely tasks for testing prior learning 
and opportunities to learn from mistakes. Conversely, the evidence of collaboration and 
communication practice is found limited within co-learning activities through faculty-
student teamwork, and students’ use of technical communication for leading and man-
aging simulation tasks.

Students report opportunities and benefits of using deep learning skills. For example, 
they solve practical problems while operating ships and take technical and professional 
decisions in complex situations. The sessions have occasions for them to exhibit leader-
ship and management skills as team members which improves their overall professional 
practice. However, the survey results demonstrating moderate and weak relationship 
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between educational procedures, engagement, motivation, and content indicating the 
scope for considering approaches to calibrate and develop them. In this regard, the 
focus group data suggest a few areas to improve, such as defining learning objectives, 
and incorporating challenging tasks and investigation opportunities. Prior research find-
ings suggest that these actions have potentials to improve students’ deep learning skills 
(Archer-Kuhn et  al., 2020; Warburton, 2003) and ensure high satisfaction in learning 
(Chiang et al., 2020; Chotitham et al., 2014).

Generally, maritime simulation places an emphasis on enhancing technical skills 
in ship operation and maritime equipment over acquiring specialised knowledge and 
deep learning in this field. Students’ post-session discussion and reflection along with 
lecturer-led debrief sessions appear as ad-hoc and spontaneous actions. The profes-
sional expertise and experience-driven advice shared by lecturers and peers are unde-
niably valuable in such kind of profession-focused educational programmes. However, 
gaps between theory and practice seem to be a catalyst for limiting in-depth scholarship 
building among the students which they need for informed decision making in complex 
settings, or while performing any changed roles.

The survey and focus group results lead to the following guidelines and strategies on 
improving existing maritime simulation practices. The suggested approaches respond to 
Research Question 3.

• The lack of defined learning outcomes in maritime simulation programmes is an 
important finding in this study. In formal education, transparent learning outcomes, 
also termed as teaching and learning objectives, help ensure academic quality, reduce 
stress, and enhance learning and teaching satisfaction through achieving the desired 
goals. Higher education curricula are expected to contain multifaceted academic 
objectives, for example, student learning gains in disciplinary knowledge and reason-
ing; development of their personal attributes, such as critical thinking and values; 
and enhancing collaboration and communication skills (Crawley, Edstrom, & Stanko, 
2013). Clear learning outcomes can help achieve these targets and direct pedagogi-
cal procedures towards a shared and supportive educational environment, as Havnes 
and Proitz suggest,

 Learning outcomes clearly direct teaching and students’ learning activi-
ties, opening the way for feedback and dialogue between and among teachers and 
students. Moreover, LOs (learning outcomes) can support internal dialogue and 
enhance self-assessment (Havnes & Proitz, 2016, p 219).

Yet, maritime education and training for seafarers are highly profession-focused 
and skills-oriented, thus the learning objectives for traditional maritime simula-
tion sessions need to combine skills and knowledge related outcomes. It is vital that 
the learning outcomes comply with and complement the professional standards set 
by associated regulatory and certification bodies, such as International Maritime 
Organization (IMO), International Organization for Standardization (ISO), and 
Maritime Administrations (for example, Maritime Coastguard Agency and Mer-
chant Navy training Board in the UK). Hence, policy level recognition of the scope 
and value of deep learning along with practical skills building in maritime simula-
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tion is essential to allow education and training providers to incorporate such objec-
tives in the academic programmes.

• The study shows the importance of incorporating exploration, risk-taking, and exper-
imentation opportunities to enable deep learning in maritime simulation. It appears 
to be beneficial to modify the very nature of the traditional simulation pedagogy 
and create space for learning-centred activities. Research findings in technology-
enhanced learning show strengths of evidence-, case- or scenario-based discussion 
(Forstronen et al., 2020); research- or inquiry-based tasks (Lamsa et al., 2018), sec-
ond-chance activities allowing flexibility to do mistakes and learn from them (Atan-
asyan et  al, 2020); and collaborative scholarship building by students (Nel, 2017) 
which can be incorporated in maritime simulation to enhance student learning.

• The study indicates gaps between simulation activities and real-world practice. 
Empirical evidence suggests exploratory tasks linked to target learning and practice 
points (Tempelman & Pilot, 2011) and systematic reflections supported by prior evi-
dence and theoretical underpinnings (Veine et al., 2020) are effective tools to com-
bine theory and practice leading to enhanced communication, criticality, and collab-
oration.

• The findings demonstrate a lack of challenging tasks in simulation programmes 
which can be ensured by adding pre-simulation study and post-simulation learn-
ing extension provisions through flipped model of instruction. Flipped approaches 
have powers to enhance interaction between students and lectures and can allow stu-
dents to become inventive enquirers and take higher learning responsibilities (Berg-
mann & Waddell, 2012; Guo, 2019; Herreid & Schiller, 2013). The extended nature 
of pedagogy can also create independent or collaborative study opportunities based 
on appropriate simulation scenarios. However, the consideration of student experi-
ences and needs are also important to address while planning maritime simulation 
schemes including their pre- and post- activities.

• The study reports students’ lack of preparation for attending simulation sessions. 
Essential prior knowledge, awareness building on learning environments, and 
planned learning strategies facilitate effective learning (Biwer et al., 2020; Lee et al., 
2019; Tacgın, 2020). Therefore, carefully designed preparatory tasks for attending 
maritime simulation activities seem to be advantageous for both the students and 
faculty members. A coordinated and connected programme design, and re-position-
ing of the simulation component in the overall curriculum can be another effective 
approach (Fung, 2017). This can help students gain essential prior knowledge and 
study skills, prepare useful queries and strategies to apply in simulation exercises, 
and, after all, attend the sessions as informed and active participants.

Conclusion
Pedagogical aspects of maritime simulation are an emerging field in higher educa-
tion literature. Maritime simulation or, maritime education as a whole, is generally 
considered a repetitive practice-based training; thus, its pedagogical value as a higher 
education programme had been undermined before. This study was an opportunity 
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to explore the teaching and learning within such a technology-aided environment 
in relation to four pillars of higher education: content, motivation, engagement, and 
teaching/learning procedure. The findings supply insights into the existing qualities 
of deep learning in Bridge Simulation (BS), a common form of maritime simulation. 
According to the nature of the pedagogical practice and its deep learning elements, 
the study provides recommendations in areas of content and curriculum design. 
The suggestions include articulating clearer learning goals and outcomes for the ses-
sions, expanding the academic goals from assessment to learning, placing simulation 
modules rationally within the curriculum to ensure prior knowledge for students, 
inclusion of more challenging tasks, and creating futuristic simulator which are tech-
nologically and educationally cutting-edge.

The findings of this study are derived from one maritime institute situated at a uni-
versity in the UK, which may not represent academic ethos and practices of other 
similar institutions and their maritime simulation exercises. Besides, the evaluation 
of the teaching and learning of the programme was based on student perceptions 
only. It is plausible that the findings could be inclusive and thus more complete if  
perceptions of the associated faculty members and learning technologists were gath-
ered and analysed. Another limitation of the study is its consideration to the simula-
tion programme as an isolated academic scheme. Our study did not explore varied 
aspects of knowledge and skill transfer between  non-simulation  and  simulation-
based   academic programmes. However, the findings gained through this empirical 
study provide useful baseline evidence on the importance of deep learning elements 
in maritime simulation, and also supply practical guidelines on improving the activi-
ties in line with the principles of contemporary higher education practices. They 
also provide with strategies on the enhancement of educational attainments and 
deep learning competences of seafarers which have been categorically highlighted 
by the International Maritime Organisation. Yet, maritime simulation requires con-
tinued and in-depth exploration to understand its pedagogical qualities more fully. 
For example, the cognitive, behavioural, and emotional facets of student engage-
ment, one of the pedagogical elements discussed in this paper, can be studied to real-
ise how they facilitate or hinder deep learning within a simulation environment. It 
is also important to investigate whether the traditional simulation exercises are able 
to meet  learning objectives of the fast-chagrining maritime industry, for example its 
unmanned and remotely operated ships. This study directs to these demands and calls 
for more investigation and discussion on the unique teaching and learning features of 
maritime simulation.
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