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Abstract: Maritime Education and Training (MET) is an integral part of the global maritime industry,
playing an essential role in ensuring that the sector is supplied continuously with a skilled workforce.
The successful outcomes of the educational content delivery in MET institutes depend, to a certain
extent, on the maritime instructor’s ability to create conducive learning environments utilizing
all of the resources available. The self-efficacy of maritime instructors in various facets, most
notably their proficiency with the use of technology in classrooms, can lead to the introduction of
transformative learning practices. Accurately measuring their self-reported technological proficiency
could be the initial step in this direction. This study aimed to measure the self-reported technology
proficiency of maritime instructors using an established and validated scale: Technology Proficiency
Self-Assessment for the 21st century (TPSA-C21). The scale was administered, using an online survey,
to a sample of MET instructors within Europe and the UK, with n = 62 valid responses received.
Using descriptive statistics and the evaluation of the measurement model, the study highlighted
the perceived level of proficiency of the MET instructors along dimensions such as email, world-
wide web use, emerging tools, teaching with technology, integrated applications, and teaching with
emerging technologies. The survey also measured the perceived level of technology integration
for maritime instructors according to the Concerned-Based Adoption Model–Level of Use (CBAM–
LoU) classification. The results indicate a potential area of improvement for maritime instructors
with regard to their self-reported proficiency, namely in the dimension of teaching with emerging
technology. The implications for the MET domain, the respondent demographics and the future
research directions are discussed.

Keywords: maritime education and training; maritime pedagogy; TPSA-C21; self-efficacy

1. Introduction

Maritime Education and Training has been referred to as one of the six pillars of the
global maritime industry by the International Maritime Organization [1]. The maritime
industry plays an indispensable role in the global economy, and enables trade and the
movement of goods and services across various continents. The European region has his-
torically been recognized as influential in the maritime industry due to the presence of key
maritime clusters in the region, which have traditionally facilitated knowledge exchange,
collaboration, research, and the development of maritime technology [2]. About 43,000
ships ply the European waters alone; they are instrumental in the transport of valuable
goods and passengers, and in the value creation and sustainable solutions in the supply
chain of the region [3]. The availability of technical capital in the region has also been si-
multaneously linked with the presence of human capital itself, with maritime professionals
and seafarers providing the knowledge and experience for the operations. The availability
of this relevant human capital is supported by the well-established Maritime Education
and Training (MET) institutes in the region. There are numerous MET universities and
vocational MET institutes in Europe (and the UK) [4], providing various courses and
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programs for competence development, the fulfilment of the regulatory requirements, and
research and development in the maritime sector.

The operational environment related to the maritime domain has evolved steadily
over the years. From isolated floating workspaces with labour-intensive working arenas,
ships have transformed into valuable assets which are linked using Information and
Communication Technologies (ICTs) to the larger supply chain involved in the movement
of goods [5]. Many modern ship operations are managed or assisted via shore offices at
present. A parallel trend has been replacement of many functions onboard with automation,
with crew members primarily supervising the performance of the automation agents.
Correspondingly, the crew size has shown a trend of reduction, along with a change in
their skillsets and competence requirements. Many researchers have addressed these
developments, with commentary on the need for ICT skills training for contemporary
seafarers [6,7] along with the need to balance the academic aspects of MET with the
predominant vocational aspects [8].

The technological innovations of the 21st century are leading us towards changes in
the dynamics of education and its delivery globally. The advancements in Information
and Communication Technologies (ICTs) have resulted in the availability of educational
solutions that enable the ubiquitous delivery of content and novel opportunities for com-
munication and collaboration when engaging with that content. The maritime domain has
also adopted modern ICTs and developments in the learning sciences through the use of
distance learning, simulator-based learning, e-learning and other initiatives [9,10]. Some
other emerging trends that hold substantial potential for Maritime Education and Training
are Artificial Intelligence and Virtual/Augmented Reality [7,11]. However, the utilization
of any technology or its integration into classrooms, to a certain extent, depends upon the
teachers and instructors, who are typically responsible for achieving the learning objectives
set out in the educational programs [12]. Even though we have seen a considerable increase
in the use of distributed learning solutions in recent years, traditional hierarchical learning
solutions—in which the training and education are facilitated in an established institution
and mediated by instructors—are still relevant for a majority of maritime operations.

Technology integration in the classroom can be generally defined as the use of tech-
nological resources such as personal computers, laptops, smart phones, tablets, and other
devices with or without internet support for carrying out activities related to the learning
and assessment. Davies and West [13] (p. 843) gave a more formal definition as “the
effective implementation of educational technology to accomplish learning outcomes”.
Educational technology itself can be any tool or device, whether electronic or mechanical,
that can be used for achieving the intended learning goals. In the learning sciences, various
models of technology integration for classrooms have been proposed over the past several
years [14]. The models for technology integration can further be divided into the models
that focus on the removal of barriers that hinder the use of ICTs in the classrooms [15] and
the models that focus on the personal skill set of the instructors and their proficiency with
the ICTs [16].

The arguments in support of technology integration are numerous, the most promi-
nent being the need for the cultivation of 21st century skills, such as communication,
collaboration, critical thinking and creativity, etc. [17,18]. The possession of such a skillset
is thought to be a requirement for a generic worker in any socio-technical system, including
the maritime domain [19], in which human and automation agents work in tandem with
close and continuous collaboration. As Artificial Intelligence and Digitalization make
further inroads in the maritime domain, it will require a reimagination of the operational
processes, with the automation agents taking over most of the redundant and repetitive
tasks, whereas the human operators are expected to be able to augment their creative and
reasoning abilities to enhance the system performance and ensure safe outcomes [11]. Such
a change, although gradual, can be expected to take place in the coming years. It would
require an appropriate response from the researchers and practitioners associated with the
MET community to ensure that the seafarers are ready to face technological challenges
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through the possession of appropriate skills and competencies. In addition, the current
pandemic of COVID-19 has also put constraints on the infrastructure of MET institutes. The
pandemic has necessitated the adoption of measures to ensure that remote and e-learning
measures are in place to continue the training and assessment of maritime trainees. Here,
the maritime instructors, who are responsible for the education of future seafarers, play
a crucial role. The maritime instructors who are responsible for instilling the required
competencies to the maritime trainees use various instructional tools and resources to
ensure the satisfactory transfer of knowledge in the classrooms and simulators [20,21].
The ongoing changes in the learning environment related to the use of a variety of digital
affordances and existing infrastructure put the focus on the resources made available to
the maritime instructors and their self-perceived efficacy in their use.

In light of above, the primary research objective for this study is to assess the tech-
nology self-efficacy of the maritime instructors. Utilizing a validated scale to measure the
self-reported technological proficiency of the maritime instructors could aid in mapping
and identifying areas of possible improvement. In this paper, we utilize the Technology
Proficiency Self-Assessment for the 21st Century (TPSA-C21) questionnaire for the mea-
surement of the self-reported technological proficiency of maritime instructors from a
selection of MET institutes in Europe and the UK. In the subsequent sections, first, a brief
review of the associated terms and literature is carried out. The context of the present study
is also elaborated upon. Furthermore, the methods for conducting the data collection and
analysis are described. This is followed by a description of the obtained research results
from the study and discussions highlighting the contribution, limitations and potential
areas of future research.

2. Context and Literature Review

The maritime industry depends on certain factors to ensure safe outcomes in day-to-
day operations, with one of them being a qualified and skilled workforce. The elemental
function of the maritime industry is to transport goods and services across the globe. It
employs high value assets, i.e., ships, towards this end, which are manned by seafarers.
The International Maritime Organization (IMO), through the Standards of Training, Certifi-
cation and Watchkeeping (STCW) regulations, aim to ensure standardization in seafarer’s
qualifications for all of the signatory member states. According to the European Maritime
Safety Agency, about 210,000 masters and officers are working on ships that possess a valid
Certificate of Competency (CoC) issued by an EU member state [22]. In order to possess
a valid CoC and other mandatory certificates following the provisions of the STCW, the
seafarers have to undergo various stipulated courses in an approved Maritime Education
and Training (MET) institute. MET institutes, therefore, make an important contribution
towards ensuring the supply of a skilled workforce for the maritime industry. As there
has been a steady demand for skilled and qualified seafarers for the maritime industry
over the decades [23], and given the fact that many of these certifications often also require
periodic renewals, the MET institutes have a dynamic and evolving role to perform. The
STCW regulations have been revised in the past to keep up with the changing workplace
environment and, as a consequence, competence requirements within the maritime indus-
try [11]. This has been the case with MET institutes and the modes of educational content
delivery [24]. The MET institutes not only need to possess adequate infrastructure to
utilize various modes of educational content delivery; there is also a need for the maritime
instructors to continuously update their pedagogical profile and explore the use of digital
technologies. STCW regulation I/6 stipulates that the person responsible for conducting
courses that lead up to the issuance of a certificate for a seafarer should also be adequately
qualified. As a response, the IMO came up with Model Course 6.09 “Train the Trainer”
and 6.10 “Train the simulator trainer and assessor”, which, amongst other things, focus on
the role of instructor, the learning process, the design of the training program, and the use
of teaching aids. The development of a pedagogical profile and continuous professional
development of maritime instructors are therefore deemed important for the maritime
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industry. The instructors should feel sufficiently confident in their own ability to utilize the
technological tools available to them to impart lessons pertaining to the courses.

Technology integration has received increasing attention in the studies related to
educational sciences in recent years. This can be partly ascribed to the increasing availability
of digital tools in educational content design and delivery [25]. Whereas the use of any
technological tool does not guarantee the better transfer of training, it does transform the
nature of the educational delivery [26]. Some of the ICT tools can increase the instructor’s
outreach and improve their efficiency if utilized properly. Instructors engaged in vocational
education and training are increasingly adopting novel modes of educational content
delivery to improve the learning outcomes for the educational programs [27,28]. Various
studies have pointed to the fact that the use of technological tools by the instructors in
the classrooms depends on their self-efficacy towards them [29,30]. Self-efficacy, in simple
terms, can be defined as the belief of an individual that the task he or she is performing
will lead to the desired outcomes. Self-efficacy as a concept has underpinnings in Social
Cognitive Theory [31]. Bandura [32] stated that self-efficacy could be a good predictor of
a behavior. It is also termed as one of the factors that influences the effectiveness of the
teaching [33].

Measuring and improving self-efficacy in the use of technological tools for the in-
structors can therefore help in their capacity development. In this regard, Christensen
and Knezeck [34] argue that the ability to integrate 21st century technology for learning
and proficiency in the use of these technologies has a vital role in modern educational
institutions. They proposed a validated instrument known as the Technology Proficiency
Self-Assessment for the 21st Century (TPSA-C21) for the measurement of self-reported
self-efficacy scores for the instructors, with reference to the prominent technological tools
adopted in the contemporary classrooms. The theoretical underpinnings of the scale were
discussed by Christensen and Knezeck (p. 312, [35]); they stated that it is grounded in the
concept of “Self-efficacy”, which they defined as “confidence in one’s competence”. The
scale was adapted from the earlier version of the instrument, known as the Technology
Proficiency Self-Assessment (TPSA), which was developed by Ropp [36]. It has previously
been used by [37] to measure confidence in integrating technology into classrooms in the
USA, and by [38] as a measure which was further correlated with the age, gender and
subject area of the respondents. The original TPSA scale measured technology proficiency
in four dimensions, i.e., using electronic mail (Email), using the world wide web (WWW),
using technology applications, and proficiency in teaching with technology [39]. After
reviewing the performance of the scale and taking into account the recent developments,
two more dimensions of technological proficiency, namely emerging tools and teaching
with emerging technologies, were included in the scale by Christensen and Knezeck [34].
The six sub scales, along with their definitions, are described below:

• Email: the ability to send a document as an attachment to an email message.
• WWW: the ability to find the primary resources of information on the internet that

can be used in teaching.
• Emerging tools: the ability to save and retrieve files from a cloud-based environment.
• Teaching with technology: the ability to use technology to collaborate with teachers or

students who are distant from the classroom.
• Integrated applications: the ability to use a spreadsheet to create a bar graph of the

proportions of different colours.
• Teaching with emerging technologies: the ability to teach in a one-to-one environment

in which the students have their own devices.

These six sub-scales, taken together, aim to provide a measure of the technology
proficiency of the instructors. The instrument can also be used to compare groups of
instructors, or to carry out a longitudinal study on the same group of instructors to measure
any change due to training interventions. Accurately measuring the technology self-efficacy
of the MET instructors can be the first step in identifying their training requirements and
the need for policy interventions, if any. To the best of our knowledge, the quantitative
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assessment of self-reported technology proficiency or technology self-efficacy for maritime
instructors in the European context has not been attempted in the existing research literature
related to MET. In the next section, we elaborate upon the steps followed to achieve this
aim.

3. Methods

In order to achieve the research objective, the TPSA-C21 questionnaire was digitalized
in the platform Nettskjema®, a Norwegian secure service solution for data collection which
supports the drafting process of online survey links. There are a total of 34 questions in
the TPSA-C21 questionnaire, which together provide the scores related to the 6 sub-scales.
Their grouping is as follows: Email (Q.1–5), WWW (Q.6–10), Integrated Applications (Q.11–
15), Teaching with technology (Q.16–20), Teaching with emerging technologies (Q.21–28)
and Emerging tools (Q.29–34). The online link of the questionnaire was distributed to the
professional contacts, who were MET instructors within a European MET (additionally in
the UK) institute using an email platform. The scope of the study was limited to Europe
and the UK in order to ensure the sufficient generalizability of the research outcomes. The
respondents were asked to rate each item from “Strongly Disagree” to “Strongly Agree”
and anything in between Likert scale numbering 1 to 5. A few demographics questions,
such as Gender, Age, Years of experience, and Country of origin were also inserted at
the beginning in order to facilitate the understanding of the obtained data. Furthermore,
towards the end of the questionnaire, the respondents were also asked to rate their level
of technology proficiency using the Level of Use scale [40]. This is a self-assessment
instrument based on the Concern Based Adoption Model (CBAM), and it lists 8 levels of
educational innovation: (1) Non-use, (2) Orientation, (3) Preparation, (4) Mechanical use, (5)
Routine, (6) Refinement, (7) Integration, and (8) Renewal [41]. All of the ethical guidelines
of the affiliated institution regarding anonymity and data collection were followed. The
ethical permission to collect and process the data was obtained from the Norwegian Centre
for Research Data (NSD) via a notification form, reference number 471618, in March 2020.

The method of data collection was a non-random, purposive sampling approach
through the professional networks of MET universities. The data collection stage lasted
from May 2020 to November 2020. At the end of this period, a total number of 76 responses
were obtained. The data was then checked for anomalies, and 14 responses were removed
due to either being incomplete or straight-lining the responses. Finally, a total number of n =
62 valid responses were extracted which were deemed fit for further analysis. The data was
then analyzed for descriptive statistics and measurement model assessment using Microsoft
Excel®, and the statistical software packages SPSS® and SmartPLS3®. The calculation of
the descriptive statistics and the non-parametric statistical test, for the examination of the
differences in means by groups such as educational qualifications and years of experience
using the Kruskal–Wallis test was conducted through SPSS®. For the measurement model
assessment through Confirmatory Composite Analysis (CCA), SmartPLS3® was utilized,
along with the guidelines given by Hair et al. [42,43]. Accordingly, the factor loadings
for items under each dimension, Composite Reliability, Cronbach’s Alpha, Rho Alpha,
Average Variance Extracted and Heterotrait–Monotrait ratios were obtained. For the non-
parametric Kruskal–Wallis test, Chi-square and P significance values were obtained for the
comparison. The average age of the respondent was 43.0 years (SD = 5.46 years). The rest
of the demographic data is summarized in Table 1. Most of the respondents stated their
country of origin as Norway (29%), followed by Sweden (17.7%), Denmark (12.9%), the UK
(9.7%), Germany (6.4%), Belgium (4.8%), and the Netherlands (1.6%). The rest (17.9%) did
not specify their country of origin. The obtained scores and values for various statistics for
the TPSA-C21 sub-scales and each item under them are described in detail and discussed
in the next section.
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Table 1. Demographic characteristics of the respondents.

Demographic Frequency Percent

Gender
Male 52 83.9

Female 10 16.1

Educational
Qualifications

Bachelors 10 16.1
Masters 36 58.0

Doctorate 13 21.0
Other 3 4.9

Years of experience

0–5 years 17 27.4
6–10 14 22.6
11–15 10 16.1

+15 years 21 33.9

4. Results

The TPSA-C21 scores for each of the subscales are elaborated below.

4.1. Email

The Email subscale consisted of five items. Their individual scores, factor loading,
reliability value and Kruskal–Wallis test results are given below (Table 2).

Table 2. Self-reported proficiency of maritime instructors along the dimension ‘Email’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.1—Send an email to friend 4.74 0.57 0.767 7.055/0.070 1.667/0.664
Q.2—Subscribe to a discussion list 4.68 0.59 0.896 7.058/0.070 1.923/0.589
Q.3—Create a distribution list to

send email to several people at once 4.60 0.69 0.759 12.990/0.005 * 2.380/0.497

Q.4—Send a document as an
attachment to an email 4.81 0.47 0.860 11.982/0.007 * 4.286/0.232

Q.5—Keep copies of outgoing
message that I send to others 4.73 0.55 0.841 16.226/0.001 * 4.260/0.235

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

4.2. World Wide Web

The World Wide Web subscale consisted of five items. Their individual scores, factor
loading, reliability values and Kruskal–Wallis test results are given below (Table 3).

Table 3. Self-reported proficiency of maritime instructors along the dimension ‘World Wide Web’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.6—Use internet search engine to
find Web pages related to my

subject matter interests
4.85 0.40 0.713 10.146/0.017 1.614/0.656

Q.7—Search for and find
Smithsonian institute website 4.60 0.84 0.852 9.017/0.029 4.895/0.180

Q.8—Create my own webpage 3.37 1.26 0.464 0.990/0.804 1.461/0.691
Q.9—Keep track of websites I have
visited so that I can return to them

later
4.56 0.82 0.865 10.534/0.015 2.505/0.474

Q.10—Find primary sources of
information on the internet that I

can use in my teaching
4.65 0.66 0.854 14.630/0.002 * 3.402/0.334

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

4.3. Integrated Applications

The Integrated applications subscale consisted of five items. Their individual scores,
factor loading, reliability value and Kruskal–Wallis test results are given below (Table 4).
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Table 4. Self-reported proficiency of maritime instructors along the dimension ‘Integrated Applica-
tions’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.11—Use spreadsheets to create a
bar graph of the proportions of

different colours
4.26 1.02 0.879 8.805/0.032 2.817/0.421

Q.12—Create a newsletter with
graphics 4.00 1.19 0.811 5.723/0.126 1.589/0.662

Q.13—Save documents in formats
so that others can read them if they

have different word processing
programs

4.60 0.80 0.884 14.141/0.003 * 1.537/0.674

Q.14—Use the computer to create a
slideshow presentation 4.81 0.47 0.802 20.729/0.000 * 3.116/0.374

Q.15—Create a database of
information about important

authors in a subject matter field
4.08 1.03 0.726 8.361/0.039 1.112/0.774

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

4.4. Teaching with Technology

The Teaching with technology subscale consisted of five items. Their individual scores,
factor loading, reliability value and Kruskal–Wallis test results are given below (Table 5).

Table 5. Self-reported proficiency of maritime instructors along the dimension ‘Teaching with
technology’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.16—Write an essay describing
how I would use technology in my

classroom
4.45 0.84 0.770 9.109/0.028 4.277/0.233

Q.17—Create a lesson or unit that
incorporates subject matter
software as an integral part

4.06 0.97 0.855 9.122/0.028 3.519/0.318

Q.18—Use technology to
collaborate with teachers or

students, who are distant from my
classroom

4.53 0.72 0.850 11.822/0.008 * 3.415/0.332

Q.19—Describe 5 software
programs or apps that I would use

in my teaching
4.03 1.09 0.732 13.021/0.005 * 3.225/0.358

Q.20—Write a plan with a budget to
buy technology for my classroom 4.10 1.02 0.777 14.592/0.002 * 1.208/0.751

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

4.5. Teaching with Emerging Technology

The Teaching with emerging technologies subscales consisted of eight items. Their
individual scores, factor loading, reliability value and Kruskal–Wallis test results are given
below (Table 6).

4.6. Emerging Tools

The Emerging tools subscale consisted of six items. Their individual scores, factor
loading, reliability value and Kruskal–Wallis test results are given below (Table 7).
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Table 6. Self-reported proficiency along the dimension ‘Teaching with emerging technology’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.21—Integrate mobile
technologies into my curriculum 4.11 0.96 0.823 7.065/0.070 1.146/0.766

Q.22—Use social media tools for
instruction in the classroom 3.47 1.46 0.616 7.046/0.070 0.672/0.880

Q.23—Create a wiki or blog to have
my students collaborate 3.47 1.22 0.706 5.104/0.164 2.649/0.449

Q.24—Use online tools to teach my
students from a distance 4.48 0.80 0.814 3.925/0.270 1.490/0.685

Q.25—Teach in one to one
environment in which students

have their own device
4.44 0.74 0.714 4.314/0.229 4.170/0.244

Q.26—Find a way to use
smartphone in my classroom for

student responses
4.15 1.02 0.883 6.732/0.081 2.596/0.458

Q.27—Use mobile devices to
connect with others for my
professional development

4.13 1.00 0.846 3.162/0.367 3.981/0.263

Q.28—Use mobile devices to have
my students access to learning

activities
4.18 0.97 0.885 4.831/0.185 3.859/0.277

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

Table 7. Self-reported proficiency of maritime instructors along the dimension ‘Emerging tools’.

Q.No. Mean SD Factor
Loading

Qualifications
Chi.sq/Sig.

Experience
Chi.sq/Sig.

Q.29—Download and listen to
podcasts/audiobooks 4.42 0.80 0.885 10.011/0.018 2.386/0.496

Q.30—Download and read e-books 4.48 0.78 0.915 13.894/0.003 * 2.626/0.453
Q.31—Download and view

streaming movies/videoclips 4.56 0.74 0.908 6.441/0.092 4.754/0.191

Q.32—Send and receive text
messages 4.74 0.48 0.573 9.311/0.025 4.702/0.195

Q.33—Transfer photos or other data
via a smartphone 4.76 0.62 0.892 7.505/0.057 2.031/0.566

Q.34—Save and retrieve files in a
cloud based environment 4.58 0.74 0.876 7.308/0.063 1.230/0.746

Note: SD = standard deviation; Chi.sq = chi square; Sig = significance; * = significant at the p < 0.01 level.

Table 8, below, represents the Cronbach’s Alpha (CA), Composite Reliability (CR),
Rho Alpha and Average Variance Extracted (AVE) values. The first three measures denote
the dimensions’ construct validities, while AVE denotes the convergent validity.

Table 8. Cronbach’s Alpha (CA), Composite Reliability (CR), Average Variance Extracted and
Rho_Alpha.

Dimension CA CR Rho-Alpha AVE

Email 0.883 0.915 0.895 0.683
WWW 0.814 0.871 0.865 0.585

Integrated Applications (IA) 0.879 0.912 0.890 0.677
Teaching with technology (TWT) 0.857 0.897 0.863 0.637

Teaching with emerging
technology (TWET) 0.912 0.930 0.927 0.626

Emerging tools (ET) 0.920 0.939 0.949 0.723

Table 9, below, describes the Heterotrait–Monotrait ratio values as a measure of the
dimension’s discriminant validity.
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Table 9. Heterotrait–Monotrait Ratio (HTMT) values of the dimensions.

Dimension Email WWW IA TWT TWET ET

Email - - - - - -
WWW 0.913 - - - - -

Integrated Applications 0.745 0.928 - - - -
Teaching with technology 0.738 0.871 0.986 - - -

Teaching with emr.
technology 0.463 0.542 0.765 0.840 - -

Emerging tools 0.730 0.595 0.820 0.802 0.784 -

Table 10, below, describes the frequency and percentage distribution of the maritime
instructors, marking them as belonging to one of the levels (0–6) of the CBAM-LoU classifi-
cation in their ability to integrate technology for their own use.

Table 10. Concern-Based Adoption Model–Level of Use (CBAM–LoU) frequency distribution.

Level of Use Frequency Percent C. Percent

Level 0—Non use - - -
Level 1—Orientation - - -
Level 2—Preparation 2 3.2 3.2

Level 3—Mechanical use 15 24.2 27.4
Level 4A—Routine 26 41.9 69.4

Level 4B—Refinement 11 17.7 87.1
Level 5—Integration 8 12.9 100

Level 6—Renewal - - 100

5. Discussion

The previous section highlighted and illustrated the results obtained, i.e., the score
of the maritime instructors on the 34 questionnaire items and the six sub-scales aiming
to measure their technology self-efficacy. All of the respondents scored more than 4.0 on
average on the Likert scale for the TPSA-C21 questionnaire, except for Q.8, 22 and 23. The
scores obtained on these three questions were 3.37, 3.47 and 3.47, respectively. These scores
were markedly low for any of the questionnaire item scores (refer to Tables 2–7). Although
the instructors scored 4.0 or above in the rest of the questionnaire, which offers some
evidence that they feel sufficiently proficient in the use of most of the technological tools in
their teaching, the relatively lower scores on these questions indicate that instructors do
not employ tools that can facilitate collaborative content creation and dissemination, and
hint at the reluctance to capitalize on the affordances provided by Web 2.0.

In addition to the above, a non-parametric Kruskal–Wallis test was employed to
detect the between-group differences in each of the items for two demographic categories,
namely educational qualifications and years of experience. No a-priori threshold was
declared for this test; however, it is necessary to compare the noticeable differences in the
form of overlap or lack thereof in the mean distributions, as indicated by the obtained
chi-square/p-value statistics. The group distribution for the educational qualifications
appears to be skewed, and therefore makes it more likely for the respondents to have
differences in each item. However, the items, such as Q.3, 4, 5, 10, 13, 14, 18, 19, 20 and 30,
showed relatively high chi-square values (p < 0.01), indicating that it is more likely that a
difference in formal educational qualifications could mean difference in the usage of certain
tools or measures, and correspondingly in the self-efficacy in those measures. This could
also be the result of differences in the educational curriculum and delivery methods of
different maritime universities. For example, the organizational structure, the instructors’
formal qualification or their roles within the organization could be different if a maritime
institution frequently offers diverse programs in higher levels (e.g., Masters and PhD level)
as opposed to regular vocational or bachelor-level courses. For the tests conducted between
groups with different years of experience in teaching, relatively lower chi-square values
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were obtained in comparison to the educational qualifications group. However, in the
obtained sample, a relatively smaller difference in the group distribution percentage was
also observed for groups with different years of experience, partly explaining such an
outcome for the statistical test.

For the measurement model assessment, the guidelines mentioned by Hair et al. [42]
were followed and a confirmatory composite analysis was performed. Firstly, the factor
loading of each item was checked. The recommended value is greater than 0.708, which
was achieved by all of the items except Q.8, 22, 23 and 32. As we can observe from the
descriptive statistics, the first three items also received relatively low scores in comparison
to the rest of questionnaires, indicating low weightages within the associated constructs.
Although Q.32—Sending and receiving text messages—being a generic item, received a
comparable score in its mean value, it still has less weightage for the construct’s emerg-
ing tools. Furthermore, the measures of construct reliability, namely Cronbach’s Alpha,
Composite Reliability and Rho Alpha, had satisfactory values within the desired interval
range from 0.70 to 0.95. The measure of convergent validity, namely the Average Variance
Extracted (AVE), was also above the required threshold of 0.50, demonstrating the adequate
convergent validity of the constructs. Lastly, the divergent validity was checked using
Heterotrait–Monotrait ratios (HTMT). The recommended value, as per [42], is about 0.90.
This was exceeded by a noticeable margin when comparing the “Teaching with technology”
and “Integrated Applications” constructs in Table 9, indicating that the present measure-
ment exercise and collected data could not satisfactorily distinguish between these two
dimensions. Although the limited sample size would warrant caution regarding general-
ization or inference from this result, it is worth noting for future studies and the usage of
the scale.

With respect to the distribution of the respondents according to their classification
in the CBAM-LoU self-assessment scales, it is evident from Table 10 that the majority of
the responses tended to be clustered around the middle of the spectrum. Most of the
instructors (41.9%) identified themselves to be at Level 4A, Routine, i.e., towards being
able to comfortably use information technology in their teaching but not having managed
to make more efforts to improve their teaching and its impact with use. This was followed
by Level 3, Mechanical use (24.2%) of the information technology. None of the respondents
marked themselves in the extreme ends of the spectrum i.e., Levels 0, 1 and 6. These results
also show that areas of concern exist for the maritime instructors and their utilization
of information technologies in their teaching activities. Therefore, the MET institutions
could provide more resources and/or training for the instructors for them to advance
further on these levels of educational innovation, namely to Levels 4B, 5 and 6. These levels
correspond to the refinement, integration and renewal levels of use for technology in the
classroom, respectively [40].

The findings indicate that the MET instructors feel sufficiently confident in the use
of a majority of the technological affordances available to them; however, there is scope
for improvement in their own pedagogical style and in utilizing collaborative knowledge-
creating tools, as well as tools that enable the class to engage in a dynamic collaborative
learning environment (e.g., social media/wiki/blogs). This facilitates online, distributed
modes of learning in some instances of the course work, which is argued to support the
acquisition of 21st century skills, such as collaboration and communication in the digital
workspace [17]. It is also supported by the socio-constructivist perspective of teaching and
learning, in which researchers suggest that knowledge is created in the learning context and
then internalized by the student, with peers and technology often acting in mediation [44].
Many researchers have utilized Web 2.0 tools in postgraduate learning settings, with
marked improvement in the student engagement in the classroom and innovation in their
own practices [45,46]. Similarly, the use of more advanced and interactive technologies such
as virtual and augmented reality learning tools deserves further scrutiny to estimate their
viability in increasing student engagement and motivation for learning in the classroom
context.
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The study also highlights the need to focus appropriate attention towards capacity
building and technology integration in order for the MET instructors to improve the
competitiveness of the MET institutes in general. Too often, and in a majority of cases rightly
so, the discussions related to MET quality and value creation hover around the students
and their profile, needs and learning style, etc. However, the MET instructors, who form a
critical link in the value creation chain of the MET domain, remain under-researched [47].
In this regard, the discussions are often centered around infrastructure development for
MET, and seldom on investment in terms of the continuous professional development of
maritime instructors. The self-efficacy of maritime instructors towards the integration of
technology and reflection towards their pedagogical approach also has implications for
the competence development of maritime trainees. Even though the use of technological
tools is acknowledged for active and interactive learning, for integrative learning with
continuous assessment and for meaningful learning, the challenge for instructors to reflect
on their attitudes towards technology is evident [48]. In order to translate their self-
efficacy towards technology to meaningful pedagogical changes, [49] suggests that the
constructivist orientation for teachers and proper guidance, as well as collaboration in using
technological aids, could potentially increase the overall digital intervention in teaching.
The increase in the qualifications of the instructors through structured training and capacity
building can pay appropriate dividends to the MET institutes as they continue to focus
on the pedagogical challenges of the current age with advancements in technology and
the changing nature of maritime operations. A formal intervention by stakeholders in
the maritime domain and regulatory bodies might be the need of the hour, in the form
of changes in the regulations governing the qualifications of the MET instructors to cope
with the need to transform maritime educational services and their delivery. Such a move
influences the competence of the MET instructors and, by extension, the competence of
the students, and also increases the innovation and value creation in the maritime domain.
In summary, we would like to propose following recommendations for the stakeholders
involved in Maritime Education and Training:

• Ensuring adequate support in the form of resources such as time allocation, and
administrative and technical support to maritime instructors in order for them to be
able to successfully advance their efforts to integrate technology into their practice.

• Changes in the regulatory frameworks and requirements that acknowledge the need
for continuous professional development for maritime instructors specifically with
the focus on digitalization and use of Web 2.0 tools.

• Reflection on the pedagogical practices that could provide learning frameworks which
support the acquisition of 21st century skills.

The MET institutes should give special consideration in this regard, ensuring that
adequate resources and a conducive environment are provided to the maritime instructors
in order for them to achieve their goals and objectives for educational programs.

Some limitations of the present study also need to be outlined. Firstly, the sample size
of the respondents could have been greater. This would have enabled the even greater
generalizability of the results. A greater number of data points could also have enabled
the use of inferential statistics (e.g., for regression) in contrast to the primarily descriptive
statistics utilized in the study. Secondly, qualitative data in the form of open-ended
questions could have been included in the questionnaire, allowing the MET instructors
to communicate the reasons or barriers for the limited integration of technology tools in
the classroom or their self-reported technological proficiency. Another apparent limitation
is that the survey was answered predominantly by Western European nationalities. As
such, the obtained data and the results are also a reflection of those geographical regions,
and future studies—when conducted involving the rest of the European nationalities—
would provide better generalization, along with more data points. Finally, the utilization
of questionnaire surveys in itself presents certain limitations. The use of a Likert scale in
capturing the responses imposes a predetermined level of granularity on the responses,
and deeper interpretation of the data is not possible due to the utilization of this design.
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Future studies related to technological integration in the classrooms of MET institutes
should be related to the utilization of similar data collection measures in different geo-
graphical locations (e.g., in Asia), and should compare them with the European dataset.
The more comprehensive modelling of the data utilizing structural equation modelling and
regression analysis techniques is also possible if more data measures are included. These
efforts could help in a more rigorous analysis of the self-reported technological proficiency
of the MET instructors in the region, and the factors affecting it.

6. Conclusions

Maritime Education and Training plays an integral part in global maritime operations.
The maritime instructors form a critical link in ensuring the competence development of
maritime trainees. The capacity building of the MET instructors can play a vital role in
the industry’s transformation to deliver on future challenges. This study utilized a vali-
dated measure of self-reported technology proficiency, namely the Technology Proficiency
Self-Assessment for the 21st Century (TPSA-C21), for the assessment of the technology
self-efficacy scores of the MET instructors in the European states (and UK) along six di-
mensions. The results indicated a scope of improvement for the MET instructors in the
better utilization of Web 2.0 tools, such as wiki, blogs and social media, i.e., teaching using
a constructivist approach and emerging technologies. The results also highlighted the level
of use of information technologies by the maritime instructors in their classrooms and the
areas of improvement therein. The further adoption of additional measures into their teach-
ing practices can mean the utilization of collaborative learning techniques in the classroom
that bear the potential of better supporting remote and distributed modes of learning in the
maritime classrooms. Maritime instructors with a higher level of technological self-efficacy
could contribute to the training and education of a 21st century maritime work force that
would require an additional and/or differential set of competences. The present study
provides a suitable departure point for the further investigation of such topics. Future
research should be directed toward gathering more samples from different nationalities,
which would enable the greater generalization of the results, as well as comparing different
geographical clusters in order to gain further insights for policy interventions.
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