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Abstract

This paper presents the cultural-historical activity theory (CHAT) or simply activity
theory (AT) as a suitable framework to theorize seafarers’ learning in a technologi-
cally evolving shipboard environment. The recent increase in the digitalization and
automation onboard ships is introduced with the aim of enhancing maritime safety
and efficiency. However, maritime incidents and accidents continue to occur when
seafarers overwhelmed by the complexity of novel technologies and automated
tools, often fail to recognize and timely respond to developing hazards. The funda-
mental changes in the shipboard workplaces and the seafarers’ need for interaction
with smart tools calls for a fresh look at cognitive and learning processes and situ-
ated action onboard ships. The activity theory provides a theoretical lens that affords
a holistic, socio-technical perspective on the inter-dependent elements of a collec-
tive shipboard learning activity system. Any misalignment among the elements of
this activity system or between itself and other relevant activity systems may result
in contradictions. Resolving such contradictions becomes essential for achieving the
desired outcome, i.e., competent seafarers who can safely operate highly digitalized
future ships.
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1 Introduction

The progressive introduction of digitalization and automation onboard ships
is bringing rapid and vast transformation in the global shipping industry. The
deployment of novel technologies is altering not just the workplaces, but also
the ways in which operators perform their tasks (Man et al., 2018; Narayanan &
Emad, 2020). Although the ultimate objective of implementing newer technol-
ogy is to improve safety and efficiency, it has also made the seafarers’ work more
complex and demanding (Man et al., 2018). Moreover, the unabated occurrence
of maritime accidents and incidents that are attributed to human-related causes
underscores the continued relevance of the human element in an increasingly
socio-technical shipboard environment. The investigation reports mostly attribute
such failures to human factors such as mistakes, poor decision-making or lack
of communication among the seafarers involved, or some inadequacies or break-
down within the system (Grech et al., 2019; Rajapakse et al., 2019). This under-
lines the need for adopting a more holistic and encompassing view that looks
beyond the individual elements to see the system as a whole. In other words, the
human element needs to be seen as an integral part of a larger activity system that
includes technology, organization, work practices, and the environment (Grech
et al., 2019).

Modern technology and automated systems deployed onboard ships have cre-
ated demands for new skillsets (Emad et al., 2021; Lutzhoft et al., 2019; Sellberg
& Viktorelius, 2020) and new ways of learning and competence development for
seafarers (Narayanan & Emad, 2020; Sellberg & Viktorelius, 2020). However, a
review of the literature shows that recent research on digitalization and automa-
tion in the shipping industry has primarily focused on the effect of technology
rather than the human factors involved (Lutzhoft et al., 2019). Addressing this
gap will provide insight into the skill requirements and training needs of future
seafarers to work in a technology-rich shipboard work environment.

Recent studies on the preparation of the maritime workforce for the upcoming
digital transformation highlight the need for some new competencies for future
ship operators (Relling et al., 2018). The internationally mandated maritime edu-
cation, training, and certification standards as described under the International
Convention on Standards of Training, Certification, and Watchkeeping for Sea-
farers 1978, (STCW Convention) may also need a thorough revision (Sharma
et al., 2019). Although some current competencies mentioned therein may remain
relevant in a digitalized future, the majority other may become insignificant
or obsolete as and when the shipboard functions are taken over by automation
technologies.

Digitalization and automation are introduced on board ships with the claim of
reducing erroneous action by humans. However, studies on the operational risks
of future shipping have shown that human factors cannot be fully eliminated from
the system even during the future remote operation of ships (Fan et al., 2020).
In fact, when vessels start to get operated remotely, any drawbacks connected to
humans will arguably move with the people from ships to the shore (Lutzhoft
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et al., 2019). The fact that remote operators will always remain detached from the
real sea conditions and shipboard environment may not only impact their ability
to fully grasp the real-world context but also diminish their situational aware-
ness. In the future, with fewer or no people onboard to operate the vessels, there
can still be occasions, such as shipboard emergencies, when the human operators
will have to promptly take over from the machines (Fan et al., 2020; Ifenthaler,
2018). This implies that future maritime operators will need to be trained to react
quickly to avoid any errors due to a delay in decision-making, also known as the
human-out-of-the-loop syndrome (JanBen, Baldauf, Miiller-Plath, and Kitada
2021; Lutzhoft et al. 2019; Porathe, Prison, and Man 2014). Yet another appre-
hension is whether all the required competencies of future vessel operators can
be developed through training alone, without them ever getting the opportunities
to gain valuable seagoing experience (Janfen et al., 2021). On top of them lack-
ing seafaring experience, there is also the danger of them solely relying on dis-
plays of technical data on screens for any decision-making. The criticality of this
can be showcased through many examples such as the collision incident between
two ships in the fjord of Kiel in 2014 (see, Federal Bureau of Maritime Casu-
alty Investigation—Report 276/14), wherein the navigating officers on both ships
fully trusted the ECDIS data without ever realizing that there was a GPS failure
in that area.

To be able to fully understand and analyze the various training-related require-
ments of future seafarers, there is a need for a comprehensive theoretical framework
that encompasses the entire process. Such a framework needs to view the human
practices as a socio-cultural activity and as a developmental process, across multiple
contexts and network, wherein the individual, organizational, societal, and cultural
levels are dynamically interrelated. Albeit there are many socio-cultural theories (for
example, cultural-historical activity theory, actor-network theory, distributed cogni-
tion, situated action theory, et al.) that are suitable for the analysis of human activi-
ties within work environments, each with its own strengths and advantages. How-
ever, past studies such as Wiser et al. (2018) have highlighted the advantages and
the suitability of cultural-historical activity theory (CHAT) over other sociocultural
theories when analyzing complex human-computer interaction (HCI) systems. The
main advantage of CHAT is that it provides a holistic perspective on the socio-tech-
nical environment, where the learners, mentors, technologies, pedagogical values,
roles/identities, and rules/cultures act as interdependent elements of a single collec-
tive activity system.

Although very popular, the activity theory is not without its share of criticisms.
Some researchers argue that the AT framework is inadequate for investigating human
culture and psychology (Toomela, 2000, 2008). Pratt et al. (2015) concur with the
above and further state that AT fails to adequately highlight the sources of subjects’
motives in wider sociological frames. Hopwood and Stocks (2008) perceive a lack
of accounting for personal agency and power in the AT. Trowler and Turner (2002)
argue that activity theory is “especially poor at adequately locating the operation of
power, inequality, and differences in organizational dynamics” (p. 251). However,
over the years, with increasing research and improvements, the AT has evolved to
address such issues. Despite all such criticisms and alleged shortcomings, AT soon
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gained acceptance as an effective, comprehensive tool for analyzing situated, medi-
ated, and goal-directed action. In the past few decades, the use of AT has spread
internationally across various disciplinary boundaries: to human-computer inter-
action, organizational studies, engineering human factors, ergonomics, and educa-
tional research (Kaptelinin & Nardi, 2006).

In this paper, we propose using CHAT as the theoretical lens to analyze the vari-
ous challenges arising in the complex shipboard environment. This is timely since
the introduction of novel digital technologies is already causing disruptions in the
shipboard workplaces and changing the conventional ways in which work is carried
out. The next section will describe in detail, CHAT, and its various inter-depend-
ent elements. It is argued that only through resolving incoherencies and dilemmas
between the elements of onboard ship training activity system can we facilitate the
achievement of the desired outcome, i.e., develop competent seafarers who can
safely operate highly digitalized ships of the future.

2 Cultural-historical activity theory (CHAT) as a theoretical
framework

The cultural-historical activity theory (CHAT), popularly known by its shorter form
activity theory (AT), has its roots in the Russian psychologist Lev Semyonovich Vygot-
sky’s (1896—1934) works on socio-cultural cognition and learning (Vygotsky, 1978).
The original theory emanated from Vygotsky’s understanding of the mediated activ-
ity connecting human beings to both the external world as well as with one another
(Vygotsky, 1997). While material tools help mediate human activity with exter-
nal objects, internally oriented psychological tools such as signs, symbols, and lan-
guage help transform psychological processes into higher mental functions (Leontiev,
1997). Vygotsky’s concepts were further extended by Vygotsky’s students, Alexei
Nikolaevich Leontiev and Aleksandr Luria. They incorporated other dimensions of
cultural, social, and historical, by introducing the collective notion of activity (Ber-
telsen & Bgdker, 2003; Cole, 2002). Leontiev considered mediated activity as the cen-
tral unit of analysis. According to him, the object of an activity is what differentiates
it from other activities. In other words, the object of an activity defines its true motive.

The activity theory gained much prominence by the latter half of the twentieth
century, mainly through the works of Engestrom (1987), Cole (1988), Wertsch
(1991), Bodker (1991), and Nardi (1996). In particular, the work of Finnish educa-
tionalist Yrjo Engestrom gained much attention. Engestrom incorporated all earlier
theoretical positions and graphically depicted the entire activity systems in a trian-
gular form (Engestrom, 2000). This model soon became popular and was success-
fully replicated by other researchers in a variety of work environments and learn-
ing contexts. Engestrom viewed Vygotsky’s original idea of mediation as the first
wave of activity theory and the later contribution by Leontiev as the second wave.
He further upgraded the theory through the introduction of a more systemic con-
struct, the activity system, which considers the context in which activity/practice
take place (Engestrom, 2001, p. 134). To achieve this, he added three new compo-
nents, i.e., community, rules, and division of labour in his multi-triangular model as

@ Springer



Theorizing seafarers’ participation and learning in an evolving... 169

Fig. 1 Activity system Tools (and Signs)
(Engestrom 2001, p. 135)

Subject Object ===3 Outcome

Rules Community Division of Labour

illustrated in Fig. 1 below. In this diagram, the apex triangle represents Vygotsky’s
original mediated-action model comprising of the subject, the object, and the tools
(and signs). A vertical flip of this triangle introduced the community as a media-
tor, thereby extending the earlier model to include social and collective activities as
suggested by Leontiev. A side-wise flip of the triangle introduced rules that incor-
porate historical traditions, rituals, guiding values, etc. as a mediator between the
subject and the community. A side-wise flip of the triangle to the opposite end intro-
duced division of labour, which define the social or organizational roles as a media-
tor between the community and object. The object itself is depicted within an oval
shape, suggesting that “object-oriented actions are always, explicitly or implicitly,
characterized by ambiguity, surprise, interpretation, sense making, and a potential
for change” (Engestrom 2001, p. 134). Finally, an activity outcome is added that
could form the basis for starting a fresh new activity.

Engestrom (2001, p. 136) articulated the need for a third wave of activity the-
ory, wherein two or more interacting activity systems will have a common or shared
object. In such cases, the activity theory can be summarized using five guiding
principles. The first principle says that a collective, artifact-mediated, and object-
oriented activity system should always be seen in its relationship with other neigh-
boring activity systems. In other words, any action within an activity system will be
understandable only if seen in the context of other related activity systems. The sec-
ond principle is about the “multivoicedness” of activity systems. This means, actors
of the same activity system may reflect “multiple points of view, traditions, and
interests” (p.136). The third principle of “historicity” states that all activity systems
will eventually get transformed over a lengthy time period and hence their problems
and potential can only be understood when viewed against their own history. The
Sfourth principle articulates the central role of “contradictions” as a source of change
and development. Engestrom argues that in activity systems, contradictions are not
the same as problems or conflicts, but historically accumulating structural tensions
within and between activity systems. As and when these contradictions generate dis-
turbances and conflicts, that will lead to innovative attempts to change the activity.
The fifth principle proclaims the possibility of “expansive transformations” within
activity systems. As and when contradictions within an activity system aggravate,
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individuals will be forced to reconceptualize the object and motive of the activity.
Engestrom’s five principles, especially the last two ones, i.e., the presence of contra-
dictions and expansive transformations, feature prominently in many recent practical
applications of the activity theory (Adamides, 2022; Baldwin, 2020).

In the following sections, we will discuss how and in what forms contradictions
may manifest in an activity system and how expansive learning occurs when the
actors within an activity system try to resolve these internal conflicts through cycles
of constructing and implementing qualitatively new ways of functioning. As an
example, we will consider the case of the shipboard learning activity system of sea-
farers and how contradictions arising out of the introduction of modern digitalized
technologies lead to expansive learning.

3 Contradictions within an activity system

Human actions always form a part of the overall interacting context within an activ-
ity system. However, when some elements of the activity system undergo changes,
it alters the conditions that may provoke users to experience problems, and that may
also lead to a failure in achieving the intended outcome. Such misalignment among
the actions is labeled as contradictions in an activity system. These may include
events that manifest themselves as dilemmas, conflicts, mismatch, inner doubts, or
double binds (Bligh & Flood, 2015; Virkkunen, 2013). Such misalignment could
be represented by, for example, insufficiently trained users, any inadequacies in the
design, or the introduction of a new tool or artifact. Whenever such contradictions
appear, it will lead to disequilibrium within the activity system. When people strive
to overcome such disturbances, it manifests itself as changes within other elements
of the activity system. For example, the introduction of a new tool or artifact can
cause a contradiction in the activity system that could lead to the introduction of
some new rules or changes in community expectations.

Contradictions are important because they lead to changes and further develop-
ment of the system (Engestrom, 2001). In fact, they are “the main motive force lead-
ing to changes and development” (Engestrém and Miettinen 1999, p. 9). Engestrom
(2001) explains how contradictions can eventually lead to innovation and transfor-
mation within an activity system,

“As the contradictions of an activity system are aggravated, some individual
participants begin to question and deviate from the established norms. In some
cases, this escalates into collaborative envisioning and a deliberate collective
change effort. An expansive transformation is accomplished when the object
and motive of the activity are reconceptualized to embrace a radically wider
horizon of possibilities than in the previous mode of the activity.”

(Engestrom, 2001, p. 137)

Despite the potential for contradictions to result in the transformation of an activ-
ity system, such transformation does not always occur automatically. In fact, con-
tradictions by themselves can neither “enable” nor “disable” learning to progress,
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3

depending on “whether or not they are acknowledged and resolved” (Nelson Jr,
2002, p. 34). Contradictions may not readily lead to transformation in cases where
they may not be easily identifiable or they may not be easily acknowledged, visible,
obvious, or even openly discussed by those experiencing them (Engestrom, 2001;
Murphy & Rodriguez-Manzanares, 2008). Thus, a proper analysis of the activity
systems and identification of any systemic contradictions therein becomes necessary
before taking steps to overcome those.

According to Engestrom (2015), systemic contradictions can manifest in an activ-
ity system in four different forms:

e Primary contradictions, that may occur within the element(s) of an activity sys-
tem.

e Secondary contradictions, that may occur between the elements of an activity
system.

e Tertiary contradictions that occur between the existing form of an activity sys-
tem and any attempts to introduce a new model.

e Quaternary contradictions, that may occur between two or more neighboring
activity systems.

The numerical naming of the contradictions is implying an order based on how
the changes are affected within the activity system. Changes to any one element of
the activity system, for example, the introduction of a new tool or artifact, might
aggravate primary contradictions by altering the ways in which it is used. Subse-
quently, participants’ initial attempts to use the new tool might generate secondary
contradictions because the newly introduced tools are now in contradiction with
other existing elements of the system. Addressing such situations may require the
creation of some new rule or roles or community within the activity system. But the
actual implementation can still generate tertiary contradictions as and when people
attempt to use a new model while many established practices still pertain to the ear-
lier system. Furthermore, when the activity system is finally transformed, quaternary
contradictions may crop up between the new system and other systems in the neigh-
borhood that may functionally be dependent on the activity system acting in the
same old way. For example, new tools introduced in the workplace may create the
need for new expertise, but the vocational education activity system may continue to
create expertise that was needed in the older activity system in the workplace.

4 Shipboard learning activity system

Until recently, apprenticeship was the most common means of developing maritime
competencies. In such a system, newcomers learned new skills and knowledge in its
social and functional context under the guidance and support of more experienced
senior personnel (Emad, 2010). This process allowed juniors to gradually appropri-
ate the various elements of the disciplinary knowledge, skills, and competencies
needed in their sea-career ahead as they progress to more senior ranks. However,
great disparity existed in the training standards globally, and attempts were made
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at IMO level to create a uniform global standard through the adoption of the Inter-
national Convention on Standards of Training, Certification, and Watchkeeping for
Seafarers (STCW Convention) (IMO, 2010). As per the mandates of this conven-
tion, the training period of seafarers was bifurcated into a shore-based phase con-
ducted in maritime colleges and a shorter but mandatory phase of apprenticeship
training onboard ships. The intention of making the onboard training mandatory was
to help trainees develop the best part of their disciplinary knowledge and compe-
tencies by means of workplace learning through legitimate participation (Lave &
Wenger, 1991) in real work done onboard ships (Emad, 2011, 2017). However, the
effectiveness of the onboard phase of training also depends to a large extent on the
opportunities available for trainees to participate in authentic work onboard, proper
mentorship or guidance from the more experienced seniors, and most importantly, a
beneficent onboard community of practice (Lave, 1991), comprising of fellow crew
members. In this way, the trainees follow a structured, hierarchical progress from
the periphery to the core. The shipboard work was mostly laborious, using physi-
cal tools and equipment and comprising of manual systems. The outcome of such
training regime was seafarers with almost memorized knowledge and skills about
conventional shipboard systems. A traditional shipboard learning activity system is
depicted in Fig. 2 below.

The subject in this shipboard learning activity system is the seafarers undergo-
ing practical training under the watchful guidance and mentorship of more expe-
rienced seniors onboard. Their objective of acquiring the professional competence
required for the safe and efficient operation of ships is achieved through on-the-job
learning and participation in social practices among the shipboard communities of
officers and crew. Although the training curriculum of seafarers stipulated under the
STCW Convention defines the global standards, equally important are the national

Traditional, Mostly
Physical Tools;
Manual Systems
and Equipment

(Tools)
. Traditional
Trainee Competent (Memorized)
Seafarers Seafarer Knowledge &
(Subject) (Object) Skills
(Outcome)

- STCW Convention Mentors’

&National Requirements Onboard Officers & Crew Responsibilities

- Company Procedures - Structured, Hierarchical Control & Leadership

& Checklists - Convergent Thinking (Div. of Labour)

(Rules) (Community)

Fig.2 Traditional shipboard learning activity system (source: authors)
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and individual shipping company-specific requirements. This is because, the perfor-
mance requirements, activities, and the social setup onboard each ship are unique.
These factors are quite dynamic, and under the organizational and environmental
influences, they keep changing with time and get accentuated due to the fast turno-
ver of staff, which is another unique feature of the present-day merchant marine.
All these aspects make the socio-technical setup aboard ships a unique and dynamic
amalgam of varied levels of professional knowledge, skills, and experience, and the
training of seafarers, challenging. The next section examines how the digitalization
and automation of shipboard systems create certain contradictions and the ways to
deal with those.

5 Contradictions introduced in the shipboard learning activity
system by novel digitalized tools

The onboard phase of training of seafarers mandated by the STCW Convention
is considered a critical part of their training. This is because it affords a learning
environment characterized by situations, activities, and real-life challenges that the
trainees will continue to face on board ships in the future (Emad and Roth, 2009).
However, the recent influx of high technology is bringing rapid changes to the ship-
board work environment, and that, to a great extent, is precluding many learning
opportunities that existed earlier during the onboard apprenticeship (Emad, 2017).
For example, digitalization can cause internalization or nontransparent and opaque
systems, where the work and the decision-making processes directed by (hidden)
algorithms may not be readily apparent to a bye-stander. This can affect the oppor-
tunities for learning through observation, which was a vital component of earlier
apprenticeship training (Emad and Roth, 2016; Harteis, 2018).

Improvements in digital technologies are also facilitating an increase in the speed
and processing power of the systems. This has led to more efficient (quicker or
denser) processes, the merger of a few, and the introduction of a variety of new pro-
cesses. On modern ships, a limited number of crew overseeing multiple and complex
tasks in a shorter period of time often results in job intensification. This in turn can
cause operator’s cognitive overload, error in judgement, and, in many cases, lead to
costly accidents. For example, Acejo et al. (2018) did a study of maritime accident
investigation reports published by the UK Marine Accident Investigation Branch
(MAIB), the Australian Transport Safety Bureau (ATSB), the US National Trans-
portation Safety Board (NTSB), the Federal Bureau of Maritime Casualty Investiga-
tion in Germany, and the Danish Maritime Accident Investigation Board (DMAIB)
between 2002 and 2016. Their report indicates that out of 693 accident reports ana-
lyzed, almost one-third can be directly attributed to the ineffective and improper use
of technology. All such reports underscore the need for addressing cognitive human
factors and the competence development of seafarers, relevant to the use of the mod-
ern technology and human-machine interactions.

The introduction of novel digitalized tools and systems onboard ships is gradu-
ally, but irreversibly obliterating the need for the traditional “expertise” over the
earlier manual systems. In other words, automation is annihilating some part of the
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work activities that were dependent on the competences based on the experience
of senior members of the crew (Harteis, 2018). Furthermore, it is also leading to
situations wherein the appointed mentors sometimes lack adequate mastery over
the newly introduced tools and systems, making them incapable of guiding the jun-
iors in the use of such tools and equipment. This in turn can lead to unsatisfactory
onboard training outcomes.

Digital technologies are introduced with the ultimate aim of extending human
abilities and reducing the human efforts required to achieve the desired outcomes.
Thus, the overall effectiveness of a fully implemented system will be a shared
responsibility between an active subject and the technology designers (Blayone,
2019). From a subject perspective, the required human competences can be broadly
classified as technical and operational competencies. Going ahead, along with the
increasing digitalization, we can foresee a further reduction in the crew strength
onboard ships. With only a limited number of personnel onboard ships in the future,
and especially when vessels start getting remotely operated from ashore, there will
be limited scope for the operators to undertake any labor-intensive tasks onboard,
such as repair and maintenance (Lokuketagoda et al., 2017). Moreover, regular oper-
ators may need to gain only basic operational competences, leaving the fault diag-
nosis, rectification, etc. to specialists with adequate technical competence. All such
changes call for a complete revamp of the present maritime syllabus and the removal
of any redundant functions.

In modern, high-technology workplaces, there is an ever-widening gap between
the knowledge and skills needed at work and those produced through formal voca-
tional education (Tynjild, 2008). Partly, this can be attributed to the fast pace of
innovations and the introduction of novel technologies at the workplace, leaving the
higher education to always perform a catch-up act. As and when new operating para-
digms evolve and various types of ships start sharing the same waters (e.g., manned,
unmanned, shore-side control, semi-autonomous, fully autonomous ships, etc.), ves-
sel operators may need to develop a wider range of competences, comprising of both
hard and soft skills (Mallam et al., 2019). This will require maritime education and
training providers, shipping companies, and technology providers to develop opti-
mized training programs and educational tools to meet the evolving demands of both
existing as well as future maritime operations.

As stated earlier, digitalization and automation onboard ships are disrupting the
traditional, almost unidirectional flow of competence and expertise, from the senior
(master) to the junior (novice). With the onboard workspace getting more democ-
ratized, there is a new emphasis on team building and shared expertise. On modern
ships, the trainees report better mentorship by junior officers belonging to generation
Y or millennials, who in most cases are more at ease with digital technology and
digitalized tools as compared to their more experienced seniors on board (Naray-
anan et al., 2023). This, in turn, has led to a situation wherein learning mostly hap-
pens through shared mentorship and leadership. As such, a team member could
simultaneously be an expert in, and contribute towards a task, but a novice in, and
ready to learn in the very next (Emad et al., 2022; Emad & Shahbakhsh, 2022,b).

In the overall, digitalization and automation process on ships are introduc-
ing many new contradictions and tensions among the constituent elements of an
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Table 1 Examples of contradictions in the shipboard learning activity system caused by digitalization
(source: authors)

Changes onboard ships introduced by modern technologies Contradictions Type
Disrupted onboard communities of practice Community Primary
Mentors lack necessary expertise to perform mentoring duties Roles or ranks (repre- Primary

senting division of
labour onboard)

Many topics in the syllabus becomes redundant Rules—object Secondary
Internalization of tasks Subject—tools Secondary
Intensification of tasks Subject-roles Secondary
Manual systems replaced by automated system Subject-tools—object  Tertiary

Higher ed no more able to produce the expertise required onboard ~ Higher ed. activity Quaternary

system vs onboard
ed. activity system

onboard learning activity system comprising of the learners, mentors, technologies,
pedagogical values, roles/identities, and rules/cultures as depicted in Table 1 below.

Next section explains Engestrom’s theory of expansive learning and how the
contradictions within an activity system can become sources of change and further
development.

6 Theory of expansive learning as a tool for change
and development

Whenever an activity system tries to resolve its own internal conflicts through cycles
of reconstructing and implementing a qualitatively new ways of functioning that
will lead to expansive learning (Engestrom, 2015; Engestrom, 2016; Engestrom
& Sannino, 2010,b). In other words, expansive learning involves transformative
cycles of reconstruction and resolution of successively evolving contradictions over
time (Engestrom et al., 2013,b). However, expansive learning cycles seldom hap-
pen quickly, but may happen over weeks, months, or even years before being fully
implemented in the workplace. Engestrom describes these processes as micro-cycles
of varying durations, involving intensive collaborative problem-solving (Engestrom,
2003.b; Engestrom & Sannino, 2010,b).

The implementation of changes happens through a series of micro-cycles as
described in Engestrom et al. (2013,b). In step 1, the individual subject questions
and criticizes any of the existing practices. In step 2, an analysis is done of the situ-
ation to identify any historical causes or other empirical inner relations that guide
the elements in the activity system. In step 3, participants try to model new solutions
to tackle the problematic situation. In step 4, the new model is closely examined
to see how it functions and its potential and limitations. In step 5, the new model
is implemented through practical actions and applications. Step 6 follows, involv-
ing any reflections and evaluations of the whole process. Finally, in step 7, partic-
ipants consolidate the new practices into workplace routines. Knowledge creation
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is described as the object which emerges by accomplishing a collective zone of
proximal development through adopting practices within a community (Engestrom,
2015). Engestrom through his experiments in different workplaces has shown that
successful resolution of contradictions within or between activity systems, leads to
effective development of new practices (Engestrom & Sannino, 2017).

Figure 3 above shows how digitalization and automation are causing expansive
transformation in the shipboard learning activity system. As and when the tradi-
tional, mostly manual systems and equipment onboard ships get replaced with digi-
talized tools, equipment, and automation, it generates some contradictions within
the activity system. For example, the current national and international seafarer’s
training syllabus and curriculum, based on the STCW Convention, need to be thor-
oughly modified to cater to the new requirements of a digitalized shipboard work-
place. With the crew strength onboard ships getting reduced further, and more spe-
cifically when the ships start getting operated remotely from ashore, that will make
the traditional, structured, hierarchical community of officers and crew onboard
ships obsolete. The present structure of the onboard community of officers and crew
will be replaced with a more flexible, democratized community of operators with
divergent thinking who are capable of operating across spatio-temporal boundaries
(Emad et al., 2022). Moreover, the distributed expertise within an egalitarian com-
munity on modern ships will supersede the traditional mentor-mentee relationship.
In lieu of that, there will be shared mentorship and an added focus on peer-to-peer
learning. This means the team members will share their expertise as and when the
need arises. The outcome of such an activity system will be vessel operators with
digital problem-solving skills, whose competence will emerge from self-regulated
collaborative ways of learning.

7 Conclusions

This paper presents CHAT as a novel, theoretical framework for modeling, ana-
lyzing, and redesigning the onboard learning of seafarers in view of the steadily
increasing digitalization and automation onboard ships. En route to a fully auton-
omous future, the dynamically evolving ships and the changing nature of work

Traditional, Mostly Variety of
Physical Tools; Digitalized Tools;
Manual Systems Automated Systems
and Eauipment and Equipment
(Tools) (Tools)
Trainee
. Traditional Transition (As a Learning
sTra:‘nee i Community Competent cm::ﬁ‘:’:&‘ﬂﬁ:}nmw
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(Subject) (Object) => Knos::ﬁ:we& (Subject) (Object) Digital P;i!;:em'”'""ﬂ
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- STCW Conventi Mentors’ Revised onal & Shared Mentorin
&National Requirements ~ Onboard Officers & Crew Responsibilities National Requirements; Flexible, Democratised, Responsibilities g
~Company Procedures - Structured, Hierarchical Control g | eadership Modified Company Onboard Community Leadership
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Fig. 3 Expansive transformation in the shipboard learning activity system (source: authors)
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onboard call for the implementation of equally relevant education and training for
seafarers. Although, fully autonomous vessel operations may still be many years or
even decades away, the changes brought about by the proliferation of modern tech-
nology onboard thus far are already challenging the conventional practices of sea-
farers’ work, learning, and development of competences. There is thus a need for a
fresh conceptual approach that views the shipboard learning process of seafarers in
a holistic, socio-cultural perspective, and CHAT fulfills that requirement. In addi-
tion, CHAT has also evolved as an ideal tool for analysis of people’s actions in their
everyday activity while collaborating with others, for example, the crew working
onboard ships.

The versatility of activity theory makes it a malleable cognitive toolset afford-
ing its use for modelling, analyzing, and redesigning learning in a complex, fast-
evolving workplaces, such as a shipboard environment. Its characteristics as a
future-oriented tradition challenge individual-social dichotomies, and at the same
time, address human-machine interactions as mediators of activity, development,
and learning. It is our hope that this conceptual framework will provide maritime
industry stakeholders a practical research tool for bringing reforms to future onboard
learning programs and thereby meet the twenty-first century knowledge and skill
requirements of the shipping industry.
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