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Abstract

In a 3D multi-user virtual environment (MUVE), a ship's bridge simulation was
designed for a ship’s Master (captain) to train ship’s bridge personnel on International
Maritime Organisation (IMO) Standard Maritime Communication Phrases (SMCP). In
an intervention in the training of personnel, the designed simulation was used in place of
on-board training. The design process of that intervention was the subject of systematic
educational design-based research (DBR). That was seeded with educational theoretic
frames: legitimate peripheral participation (LPP) as introduced by Lave & Wenger (1991)
and technological pedagogical content knowledge (TPACK) described by Mishra &
Koehler (2006).

Interventions using the simulated ship’s bridge for training of SMCP, were run using
a computer laboratory classroom. Screen video and audio recording of participants in the
interventions became the source of transcribed records. A novel formalism of narrative
centric interpretive turn called Swims was applied in the analysis of participant activities
and communication during an intervention. For which analysis focused on the effect of
LPP and TPACK theory seeding. The Swims enable analysis of the process, and
reflection that may lead to re-design in a subsequent iteration in the DBR process. The
Swim analysis complements analysis of the record of Agile software development
processes. That identified development of the software to produce achieved artefacts
from a target “artefact space”. “Artefact space” emerges with software designed through
DBR for the interventions. Enactment of DBR with purposeful theory seeding, lead to
the discovery of hybrid Design-based research Agile Software development (hDAS).

* Acknowledgments. This paper is based on PhD study supervised by Professor Niki Davis and Associate Professor Julie MacKay at the University of Canterbury,
New Zealand. For authenticity in the development in the Ship’s Bridge: Captain Katherine Walker manager of the New Zealand Institute of Maritime Studies, Captain Chris
Lordan (Class 1 Unlimited - Master Mariner Foreign Going), Roger Wincer Maritime Communications, and Warren Masterson 3D MUVE designer.



1 Introduction and Context

Research on MUVEs used in education rarely present the details of the process of the educational
design and software development of a MUVE for a given vocational context. Although a few studies
present software architecture designs with testing of the system in educational contexts (e.g., Terzidou
et al., 2018; Dass & Cid, 2018), and describe the effect of educational theory in the design (e.g., Dede
et al., 2017), none have studied the interplay between educational theory and software engineering of
MUVEs in detail. To do so requires a multidisciplinary approach. The aim of this study was to develop
a multidisciplinary methodology for the creation and maintenance of MUVEs in effective vocational
education and training (VET). The approach taken was to study the development of a methodology for
producing carefully designed educational MUVE-based interventions for a particular vocational
community of practice (Lave & Wenger, 1991).

In this study the seafarer was selected as vocation for which to design and develop an intervention
using MUVESs. As a vocation the roles and pathways towards becoming a practitioner in those roles
are well defined and structured. For example, there is progression in a maritime career, that is reflected
in a hierarchy of responsibility in maritime roles. Seafarers, in their roles, can start “lower down” and
work their way “up” as follows: “Ordinary Seaman”, “Wiper”, “Able Bodied Seaman”, “Deck Officer”
or “Mate”, “Chief Officer” or “Chief Mate” and “Chief Engineer”, and “Ship’s Master” (Captain)
(Martide, 2022). MUVESs having been successful for VET using simulations, motivation for selecting
this discipline for study is that simulation of maritime situations is used in training. For example,
simulated ship’s bridges are used in training of crossing of a body of water such as the Cook Strait,
using radar and VHF radio communication, engine room simulation is also used for training seafaring
engineers (NMIT, 2022). As noted by maritime studies tutors, all roles in the vocation require careful
and structured communication. Collisions and grounding of vessels are usually due to poor
communication on the vessel. That lead to the selection of training of IMO SMCP for ship’s bridge
personnel as the topic of an hDAS intervention that used a ship’s bridge MUVE.

The following section relates DBR with Agile and presents in brief MUVEs in VET. hDAS applied
in the design and development of a MUVE based intervention for training SCMP for ship’s bridge
personnel is presented in section 3. Enacting hDAS that was undertaken for the training of SCMP
“helm commands” is described in section 4. A summary and conclusion are presented in section 5.

2 Background and context

Design-based research was undertaken in the application of education theories in the design and
development of a simulation of a MUVE, that tailored an Agile software development and design
method. DBR is guided by developmental goals. Figure 1.0 illustrates the differences between research
conducted with traditional empirical goals and that inspired by developmental goals (Reeves, 2000). In
contrast to empirical research, developmental research starts with an analysis of practical problems by
researchers and practitioners. Solutions that are developed are underpinned by theoretical frameworks
and are evaluated and tested in practice. Design principles are then produced from an analysis of
documentation and reflection. Using DBR paradigmatically changes the approach to designing
technology enhanced educational interventions (Cochrane, 2020). DBR tests theory in practice to
produce useful artefacts, and design research becomes a foundation through which to develop an
understanding of theory in practice while producing vocationally suited artefacts that are of the
vocation.
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Figure 1. Comparison of empirical research and development(al) research, from
Reeves (Figure 3, 2000, p. 9). Reproduced with permission.

DBR as development research takes a “practice turn” in which theory is tested through analyses
of practical problems, by the development of solutions with theoretic underpinnings, evaluations and
tests of the solutions, and documentation of reflections to produce further design principles. DBR
was undertaken in a process that took some structure from the process of the CASCADE-SEA study
by McKenney (2001) cited in Plomp & Nieveen (2007), see Figure 2.
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Figure 2. Methodological research by design process. hDAS as linear process. Each iteration is a case
study, design rules and proto theories inform the next iteration and the next case.

Digital artefacts designed for an intervention are treated as software. In a match with DBR, method
tailoring is normally undertaken during software development. Hoda, Salleh, Grundy and Tee (2017)
report that Agile software development has become more prevalent since its formal declaration through
the Agile Manifesto in 2001 (Beck et al., 2001). The “Agile Manifesto” (Beck et al., 2001) induces a
formalised definition of Agile software development practice. The first statement in the Agile
Manifesto (Beck et al., 2001) is a declaration of the fundamental behaviour that identifies an Agile
software developer. It starts with the phrase “We are uncovering better ways of developing software”
(Beck et al., 2001). That is, the manifesto makes explicit the investigation and undertaking of research
and development of ways to develop software, as characteristic of an Agile software developer. The
statement concludes, “by doing it and helping others do it” (Beck et al., 2001), asserts that Agile
software development is an active process undertaken by practitioners who throughout practice engage
in helping others develop software. By valuing “individuals and interactions” over “processes and



tools” (Beck et al., 2001), Agile software developers, recognise software development as a social
activity more than a process guided or “tick box™ activity. Agile software developers value “working
software” over “comprehensive documentation” recognising the software artefact has precedence
(Beck et al., 2001). When customers are collaborators during development, mutual expectations are
better understood, and hence development is constrained to meet those.

Agile developers adapt to change as the development proceeds (Beck et al., 2001). Campanelli and
Parreiras (2015, p 87) cite Kalus and Kuhrmann, (2013) “No matter the selected method or process,
tailoring is normally needed for context adequacy in either organization and project levels”. This
reflects an understanding that the developed artefact may change as exploration of potential solution
spaces is undertaken. Potentially, producing a working software artefact opens pathways towards
understanding requirements that come during the process of development of that software. The
tailoring of a design process is intrinsic to Agile software development, matching DBR as
developmental research.

MUVEs have been shown to be successful in VET and these include a number of simulations.
Hudson and Degast-Kennedy (2009) describe a Canadian border simulation in the Second Life®
MUVE that was used by students preparing to apply to become border security officers. Simulations
developed by Knudsen (2010) on the Second Life® MUVE are used for vocational training in
Denmark. The Second Life Education New Zealand (SLENZ) project developed and trialed MUVE-
based simulations for midwifery training on the normal birthing process and in a Foundations Studies
course, preparing students for job interviews (Winter, 2010). Patel, Aggarwal, Cohen, Taylor, and
Darzi (2013) studied a VW-based environment for training surgeons’ assessment of patients in
emergency situations using an online virtual patient simulation. They found that the surgeons who
attended the simulated training performed better than those who did not attend. Coco, Cavin and
Machtmes (2010) describe training skilled and unskilled workers in an immersive virtual learning
environment on road traffic management safety in traffic flagging procedures. They found that adult
learners perceived a benefit from this training and indicated heightened concern for safety when
working on roads. Cooke and Stone (2013) report on the design and initial evaluation of a ship’s
bridge training simulation to train the avoidance of ship collisions. It was developed to bridge the gap
between the classroom and live training on a vessel and gained broad acceptance by Royal Navy Junior
Warfare Officers.

The MUVE designed in this study has clear purposes identified in detail through the methodology,
which is one key to improving the design and application of simulations in education. Authentic
learning with situated immersive role play continues to offer exciting possibilities for education and
strategically important industries working in high-risk contexts. Although virtual worlds including
MUVEs are challenging to implement in education and training at present, the literature indicates that
this is likely to become more widespread in future with improvements to educational contexts in
colleges and student access using their own devices.

3 hDAS as a methodology for training Ship’s Bridge SMCP

The purpose of the discovered hDAS methodology is to produce an intervention for a particular
vocational context, and in the process, test educational theory in the effective design of technology as
interventions in vocational education and training (VET). The hDAS methodology deployed
professionals from at least three disciplines to develop a MUVE: software engineering; education and
the selected vocational discipline. Figure 3. depicts the relationships of key components of hDAS
methodology.
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Figure 3. The relationships of key components of hybrid Design based research for Agile Software
development (hDAS) methodology

hDAS methodology in phases determines a tailored hDAS method. Enacting the hDAS method then
leads to discoveries for and from method and methodology, which leads to further tailoring of the
method. hDAS methodology is enacted in three phases. Phase two is depicted at centre stage because
the goal is to implement an intervention using the MUVE for VET. Phase three builds on the other two
phases with ongoing feedback and evaluation of design in research practices. Phase one is depicted
between Phase three and Phase two to represent the origins of design and development between research
design evaluation and running an intervention.

The methodology is enacted by participants that take roles from three disciplines: education,
software engineering and the selected vocation. The terminology used in hDAS is mainly that of the
disciplines of education and software engineering (see Table 1.). Therefore, at least three participants
are required: an educational researcher, a vocational practitioner and a software developer. Participants
from the vocation include an instructor, who is expert in the vocation, and students of the vocation.
Development roles are further divided into software development, graphic design and technical support.
Participants take part in enacting hDAS according to their role, which determines the phases they
participate in. That participation is identified as a swim during enactment of a phase.

Table 1.
Role Discipline Brief description Phase/s
Developer Software A developer designs and develops digital Phase
engineering, artefacts i.e., a software developer, or a One and
Computer graphics graphics designer. A technician provides Two
design, Information technical support for the development and
technology support during the run of an intervention
Educational Education The educational researcher directs MUVE  Phase
researcher development according to the research design, One and
collects and analyses the data in research on  Three

theory in practice. At least one educational
researcher is required.




Vocational Selected vocation A vocational practitioner is an expert Phase

practitioner member of the selected vocation. A teaching  One and
practitioner is preferred. Two

Vocational Students of the vocation participate as

trainees trainees in practices of the vocation.

Participants joined the design and development process for periods of time as and when they were
available. Their participation in the project influenced and led to modifications in the process. This
activity can be likened to taking a “swim” in the project “pool” of activities that take place over time.
Over time a participant may return to the pool for more than one swim. Hence, analysis of, and reflection
on, the DBR is presented in terms of participant swims in the project. The contribution of participants
in the hybrid DBR-tailored Agile methodology as a process was informed by the derivation of a novel
swim model (swim). The swim provides an overview of the process while also enabling a focus on each
participant and their interaction (through dashed arrows) in a particular design and development session.
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Figure 4. Overview of swim tracks, during phase one, in the development of the MUVE-based intervention
from March 2013 to August 2016 using a swim lane-like notation

Models of processes using “swim lanes” and “pools” are well known. For example, the Business
Process Model and Notation (OMG, 2011) includes notations for concepts, such as, pool and swim lane.
and UML sequence diagrams (Ambler, 2014) depict sequential interactions of instances of object-
oriented classes using vertical tracks and swim lane notations. A less well known, user-centred
interaction design that is integrated with Agile processes has been represented as parallel developer and
designer tracks, in which separate developer and design cycles affect each other over time (Sharp,
Rogers & Preece, 2007). The use of swim lanes is novel in its use for designing and recording the
complex interactions between participants, the environments and the artefacts that are produced by the
software engineer. For example, although Sharp, Rogers and Preece (2007) present interactions between
designers and software engineers, indicating that turn taking is essential. This study indicates that Sharp
et al.’s view is over simplistic. The technique of analysis developed with swim lanes is important to
track the complex interaction patterns during the process that went far beyond turn taking. Participant
swims become units of inquiry through which to reflect on the theoretical seeding using LPP and
TPACK. An intrinsic component of the hDAS methodology is that the design experiment is
reproducible. A detailed description of a design and development process through swims reproduces
the analysis of the process and facilitates further review and reflection.



Throughout the enactment of the methodology, DBR hybridisation with Agile software
development tailors the Agile method, because the design research pragmatically determines new and
required objects, including those that provide guidance of the design for the vocation. For example, the
vocation has specific, legitimate practices that are used for the initial tailoring of the Agile method
mandatory for the design and development to proceed. As more is learned about the professional
practice, the Agile method is refined (re-tailored or re-factored in software engineering terms) to
implement an improved understanding of the requirements, while still conforming with the Agile
principles. Each time the hDAS Agile tailored method is enacted, all documentation and tracking of the
Agile software development method as it is enacted is archived by the software developer for use in
phase three.

As in Agile Scrum software development (Harichandan, Panda, & Acharya, 2014) MUVE-based
intervention development proceeded through sprints, see Scrum in a Nutshell (Eloranta, Koskimies, &
Mikkonen, 2016, Fig. 1). User stories are written in collaboration with researchers, developers and
vocational practitioners. Features on the product backlog list are selected through discussions between
expert practitioners, trainees, and design and development participants, and then used by the
development team for a sprint of graphic design and software coding. These are moved to a sprint
backlog list. The priority (or order) of features to be developed is adjusted as an understanding of the
requirements comes from interaction between participants in the sprint and from reviews.

3.1 Theory inculcated instruments.

The design and development were informed by an iterative series of semi-structured interviews
between the researcher/developer and the trainer/practitioners. This involved a process intended to:
1. Design interview guides (see Table 2.), framed by LPP and TPACK, to discuss and elicit
information about:
a. students’ learning trajectories (Cobb, Confrey, diSessa, Lehrer & Schauble 2003; Hunter,
2006) and characteristics of the class in which the intervention was to be used:;
b. the location of the MUVE within the course; and
c. the necessary networked hardware and software systems for supporting a MUVE.
2. Design a model to depict the DBR process in this context, which enables analysis and
reflection on the data and processes using the notion of a series of swims in an Agile development pool,
see Figure 4.



Table 2. Guide for semi-structured interviews influenced by LPP and TPACK

Section

Topic

Influence of LPP
& TPACK

Context

Course position within the vocational context.

What are the expected outcomes? Can you describe the course
as it sits in the vocation?

Discuss the stages or levels a person progresses through the
course from a vocational perspective.

At what point in their vocational development do the learners
come onto the course?

LPP!

Course Run

Discussion in overview of a student’s progress or phases in the
course.
Discuss the course descriptor or outline.

LPP

Teaching

What is the teaching and learning approach taken?

TPACK, Pedagogy

Give examples of lessons in the course.

(Learning trajectories,
LPP, gathering)

Does the content of the course affect or influence the way the ~ Content Pedagogy
course is presented (taught)?
Technologies Avre there any technologies used in the course? Technology

Are they intrinsic to the course?
How do they enhance/facilitate or make the course effective?

Is any technology used in the courses as part of the approach to
teaching?

Technology Pedagogy

Does the course require specific technology?

Technology Content

Assessment

Discuss assessment

(TPACK, LPP gather)

Course future

How is the course likely to change in future?
How might the programme change?
What do you recommend?

LPP

3.2 hDAS Phase One - practices

At the start of phase one, the educational researcher in collaboration with the vocational
practitioners selects a vocation in which to test at least one educational theory to apply in the design
and development of a MUVE-based intervention. As the DBR is tailored and hybridised within
hDAS, this selection of educational theory is revisited for its fit within the disciplines and the
particular vocational context. The educational researcher also designs the data gathering methods to
be used throughout the process suited to the vocational context. The software engineer produces
prototypes to test the most significant aspects of the MUVE, which the team collaboratively draws
from the product backlog list for each sprint. Towards the end of the prototyping phase, a few student

T LPP progress from periphery, legitimate for vocation and learner



participants are recruited to contribute their views in a focus group discussion of one or more
prototypes. The decision to move to phase two is made during the review following a sprint.

3.3 hDAS Phase Two — running the interventions

During phase two, the team pilots the MUVE-based intervention in a teaching and learning situation.
More students are recruited for piloting the intervention in one of their courses, along with technical
support. Each intervention provides an opportunity to gather evidence that informs software design
requirements and the development of educational theory.

Feedback from running the interventions may lead to features that are added to the product backlog
list, potentially leading to further development sprints between the runs of interventions. It was
discovered that since the features needed for running an intervention are mostly identified and
development is complete in phase two, the backlog list should be moving into a recognisable ‘burn-
down’ that shows developed artefacts are becoming more stable. At the point where the Agile process
becomes more stable, the hDAS process has produced a suitably stable Agile software development
method. The Agile process continues to be recorded and the researcher continues to collect and analyse
data through swims.

3.4 hDAS Phase Three

As depicted in Figure 3, phase three is ongoing. Three semi-summative analyses and evaluations of
the design are undertaken using swim model-based analysis. The analysis reflects on the educational
theories applied in design. At the end of an hDAS cycle, phase three activities focus on the effect of
the theories applied in the design and development in the context of deploying hDAS in that cycle to
provide a semi-summative evaluation of the design. Any rules that have been recognised or proto-
theories that emerge inform tailoring of the next hDAS method tailoring in the next iteration that
deploys hDAS.

Enacting hDAS methodology does not require the phases to be carried out strictly in order. For
example, after establishing the theory to be tested in phase one and some initial design and development,
phase two could be enacted. If the theories chosen were problematic, the development would return to
phase one where an alternative theory may be selected to be tested. During or after enacting phases one
and two, Phase three is enacted to undertake analysis and reflect on theory as it was tested. Therefore,
phase three can be repeatedly entered from phases one and two.

4 Enacting hDAS

Discussion with tutors and the maritime programme manager on how MUVE-based interventions
could be used for training using the SMCP led to the development final selection of one of two scenarios
that occur on the ship’s bridge. The selected scenario was “standard wheel orders” (IMO, 2005, p. 61),
which the tutors described as helm orders. This scenario was selected because using helm orders
represents the closed loop communication required by all personnel on the vessel, and because all Mates
are trained as a helmsman. In closed loop communication all orders from the Master of the vessel are
repeated back to the Master, then when the order has been carried out, the person at the helm indicates
that status with an appropriate phrase, which in turn is acknowledged by the Master of the vessel with
an appropriate phrase (IMO, 2005, p. 61,).

The main instrument used to solicit requirements was a guide for a semi-structured interview (Table
2.) about the course that the learners attended and was designed using LPP and TPACK perspectives.
While it was used for interviews, it was also applied to the ongoing directing behaviour of the designer



and developer when interacting with other participants. Table 3. shows an excerpt of requirements
gathered during participant swims using LPP and TPACK lenses.

Table 3 Excerpt of gathering requirements from participants during their swims for ship’s bridge
communication

Participant Description of participation Method used to gather requirements®
Tutor 1 Maritime tutor, communications ~ Semi-structured interview, audio recordings
officer. [AT11, AT1L1]

Sswim 1. Principal practitioner Discussion of scenarios, audio recording [AT12,

contact, identified bridge AT13]
resource management as the

: : Researcher notes, audio recording after attending a
main educational context.

live training session for mariners training in three
maritime bridge simulators [AT14]

Images of the maritime bridge simulation spaces
Swim 2. Participated in the test ~Labelled image of the maritime bridge
intervention. Test run of prototype one in the laboratory, audio

recording [AT15]

Attended test intervention using with prototype
one test intervention [ATestIntervention,
VTestIntervention (1-3)]

A = Audio, V — Video

A swim-based analysis considers the findings as a series of episodes that reflected the
following: the activities prior to being in the classroom, while in the classroom prior to class and
during the class; the focus group discussion and the tutor interviews (Figure 5). Findings are
presented as narratives of the swims by participants in each of the episodes extracted from
collected data. For example, from the narrative supporting records of “during class” swims:

The pedagogy followed the LPP-based filter, focusing on authentic communication.
However, putting participants in a separate practice MUVE created an ongoing
background chatter during the intervention that caused some interference in the learning.
For example, “Oh 100k, you can fly through the, the deck” .
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Figure 5 Swims prior, during and after running a class.

Further analyses of the transcript and audio recordings considered the authenticity of situations in the
MUVE during the class, and considered TPACK, see Table 4.

Table 4. Excerpt from the annotated transcript of the audio recording of the intervention when, the tutor
presents authentic communication by taking the role of Master

Comment Time Particpant role
“Yup, that’s about right” 19:06 Tutor 2 as tutor
“Steady up on zero nine zero.” 19:09 Tutor 2 as vessel Master

Researcher note: Tutor 2 is guiding PE at the workstation

“Steady up on zero nine zero.” 19:12 PE as vessel Master
“Steady up on zero nine zero.” 19:18 PD as Helmsman
Tutor 2 gives some advice to PE, then says, “Once he gets there, he’s Tutor 2 as tutor

not there yet.”

An online tool was used to keep track of the sprints undertaken towards developing the MUVE.
Over fifteen sprints were undertaken towards development of at least 70 tasks or stories on cards, on
which over 500 actions were recorded. Thirty-seven checklists were included with the stories on the
card. Each of the checklists, in turn, included a number of conditions to check for completion. There
was evidence of ‘pruning’ during the development process. For example, the tasks: ‘6 An NPC (robot)
who talks’ was left in the ‘doing’ list, and ‘Put SMCP study stations in the boardroom’ is left in the
‘To do’ list that may indicate pruning or suspension of that development tree.

Analysis of the Agile process led to a search in Artefact Space. As depicted in the first row of Figure
4, recruitment of participants occurred over time rather than at the start of the case. Progressive



recruitment of participants fitted the second principle of the Agile manifesto to “Welcome changing
requirements, even late in development. Agile processes harness change for the customer's competitive
advantage ” (Beck, et al., 2001). Identification and development of the MUVE for use in the intervention
can be thought of as a search for a designed solution to a set of requirements. As the set of requirements
was more clearly understood, the search for the solution in design was made narrower or wider
depending on the nature of the requirement. That search can be thought of a search through a problem
space (Simon & Newell, 1971) in which locations that meet the requirements are found. The goal in
development is to meet requirements that lead to the desired artefact. The second principle of the Agile
manifesto is compatible with the search in the sense that ‘search’ implies a potential adjustment in the
pathway towards the solution that may yet be revealed. In this case, development proceeded towards
the ‘Handing over the watch’ scenario, then changed to development towards the ‘Steering at the wheel’
scenario.

While the development process may appear to be linear, the process was in fact more like a search
that moved through the problem space as the requirements were gathered and the focus of the
development was determined. Figure 6. depicts an abstraction of the search over time using a tree-like
notion that starts at the bottom of the column and proceeds upwards. A branch in the tree, depicted by
a black circle, represents development activities that may have split or have been added as requirements
were gathered and refined. The middle disk represents the selection of development pathways that led
to a part of the required artefact. The top disk in Figure 6. represents the projections of the development
pathways onto the required solution space. As depicted on the top disk development activities towards
the development of an artefact for ‘Handing over the watch’ scenario, were useful in the development
towards an artefact for the other scenario.
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Figure 6. Development towards a required artefact as a search of a problem space using development
activities

As depicted in Figure 7, hDAS produced a usable simulated ship’s bridge in a MUVE. Training was
successful for seafarers training to upskill to large vessels. The result was a useful training system.
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Figure 7 practice of SCMP closed-loop communication
on a simulation of the bridge of the cook strait ferry, Kiataki.

5 Summary and conclusion

Overall, the design, development of a MUVE and running of an intervention with the MUVE
provided a depth of data, from which the value of the designed system could be formatively evaluated.
Applying principles in the Agile manifesto led to an environment that sufficiently met the theoretical
bounds. For example, attempting to develop a ‘hyperreal’ interaction in MUVE, i.e., being able to hold
the virtual ship’s wheel to steer the vessel, would have enhanced authenticity for an authentic learning
situation. However, providing hyperreal interaction of this sort would have required development of
new technology for interacting in the MUVE, leading to testing prototypes of the technology and other
large-scale development work that would delay, and possibly through failure, prevent timely use of the
MUVE in an intervention.

The current MUVE that could be used in authentic learning situations was developed through
persistent application of LPP as a design framework. Although TPACK was applied in preparation of
the intervention, preparation was mainly guided by LPP. Tutor training would have been needed for
TPACK to be applied by the tutor in preparation of the intervention, that training would have
intervened in the tutor’s authentic practice, which in turn causes as effect in the authentic situation.
Focusing on LPP and authenticity potentially distracted from considering pedagogical concerns for the
intervention. More careful application of both theoretical frameworks would lead to a better learning
situation for the trainees.

The process of design and development, using an Agile approach, produced a working system.
However, the system could have been improved by less constrained development. Although virtual
worlds including MUVEs are challenging to implement in education and training at present, the
literature indicates that this is likely to become more widespread in future with improvements to
educational contexts in colle113111ges and student access using their own devices.
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