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“Studies differed on the learning outcomes measures for (VR) simulation, where studies 
assessing students' knowledge level were found to be more effective than the studies 
assessing skill level.  This is likely because it may be easier for students to recall factual 
information than to develop the skills that they were expected to acquire from 
simulation because skill acquisition is a gradual process and may require repeated 
practice.”[3] 

“We found that students performed better when they worked individually rather than 
collaboratively when learning through games. This is contrary to the results found 
by Vogel et al., who found that there was statistically non-significant difference 
between the studies that used collaborative versus non-collaborative design for the 
learning environment.” [7] 
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2.1 Background 

2.2 Objectives
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2.3 Structure of the report 

 - 

－ 5 －



3.1 Virtual Reality 

3.2 Head Mounted Display Technologies 

3.3 Educational Benefits of VR 
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et a

Figure 1: Dalgarno and Lee’s proposed model of learning within three-dimensional learning 
environments 

-
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3.4 Current Training Applications 

3.5 The use of VR in maritime training 
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           Source: TARG  

Fig 3: A conventional Tug simulator 

                             Source: Damen
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Figure 4: Mixed reality. View through a VR headset.  The real consoles with hands are combined with 
a virtual ship bridge with ECDIS, radar, windows and outside view.  

3.6 Access to Educational Content 

-
-
-
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3.7 Teacher’s role within a virtual environment

What do learners prefer when engaged in VR learning experiences.   Do they prefer: 

1. Self-guided Exploratory Experience  

The students are given guidance on their objectives, and left to explore and seek the required 
information themselves. The students have complete control over their location on the bridge, the 
information they see and the order in which they consume the information. 

2. Teacher Guided Experience  

The students have a degree of freedom in their interaction within the scenes, however the teacher 
channels their focus through the use of guided visual indicators.  

3. Teacher Controlled Experience  

The teacher has absolute control over the experience, changing the location of the users and 
highlighting and displaying text and images as they see fit. 
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3.9 Hardware – smartphone based 
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Built in hardware 

Table 2: Summary of mobile based VR headsets

3.10 Low-end smartphone 
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3.11 High-End Smartphone 
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3.12  External Services 

3.13 Smart Phone Virtual Reality - Barriers to VR in the Classroom 

3.14  Selection of a Mobile Solution 
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4.1 Application Goals 

-
-

-
-

-

-

-

4.2 Application Structure 

Figure 6: Prototype layout of the main application lesson selection structure 
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4.3 VR Content 

4.4 Cardboard Design Principles 

‘
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Table 3: Cardboard Design Principles and their Current Implementation [52] 
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4.5 Guiding Elements 

Figure 7: Virtual text boxes and annotations
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Figure 8: Current stages of achieved and desired application goal

4.6 App Development Plan 

\

.
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5. Lesson design – virtual experiences 

5.1 Lesson development: entry into an enclosed space - memorization 

-

-
-

Educator:

Students:

Educator
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Nautical Science 
ENTRY INTO ENCLOSED SPACES  T: 50mins 

LEARNING LEVEL /PRIOR LEARNING 

Suitable for cadet level 
No sea experience required 

LEARNING OBJECTIVES 
Understand the dangers and risks 
Understand personal responsibilities 
Understand the role of the responsible 
person
Understand action to be taken in the 
event to emergency 

ASSESSMENT STRATEGY  
This lesson consists of two VR experiences.  
Students  
VR SESSIONS 
This lesson consists of two VR experiences.  
Students  

LESSON OVERVIEW 

Casualty estimates are in the dozens each year, therefore it is imperative that those on ships and 
offshore units learn at an early stage of the dangers of entering into enclosed spaces. The 
emphasize of the lesson is to highlight the dangers, reinforce correct process and instill the culture 
of safety first. 

Students must understand how unsafe it can be to go ill-prepared into an enclosed space to assist 
a colleague as well as what to do when things go wrote.  No enclosed space should be entered 
without proper precautions and training.   

This lesson is suitable for introductory training at cadet level.  Deck, Electrotechnical and Engineer.

RESOURCES AND PREPARATION  
o VR Headsets 
o Personal device with downloaded app 
o Student devices - Download should 

preferably take place before the lesson 
begins.  If not, Broadband will be 
required (Check the speed).    

o PowerPoint slides 
o YouTube Video – Enclosed space entry 
o Google Docs assessment link 
o Mentimetre questions and student links 
o Computer 
o Projector

LITERATURE / PREVIOUS READING 

The Standard Club - A Master’s Guide to 
Enclosed Space Entry 
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ENTRY INTO ENCLOSED SPACES

Scope and Sequence 

1. Ensure students have downloaded both the VR app and Mentimeter app – Use the 

instructions given in the PP Slides. 

2. Search youtube channel for Entry into Enclosed Spaces.   An appropriate video 

introduction should last around 10 minutes.

Q1.  Mentimeter – What is an enclosed space in a ship? 

Q2.  What is meant by an enclosed space? 

3. Introduce the subject using the PowerPoint slides provided:

Formative VR Test Number 1 – The kit – (5 minutes) 

Educator:  Take the students through the equipment shown in the virtual room.  

You can use the numbers to highlight which piece of equipment you are referring 

to.

Students: In groups of two, review  the equipment laid out in the virtual room.  Ask 

them to identify the missing equipment from the list shown in the previous slides.

One student’s device is used to take turns in reviewing what’s missing from the 

virtual room.  The second student device is used to answer the mentimeter 

questions.

4. Continue with the lesson using the PowerPoint slides provided. 

Formative VR Test Number 2 – First person entry and what to do in an 

emergency?

Educator:  Explain the following to the students.  We have just discussed the six 

basic steps which must be carried out before entry into an enclosed space can take 

place.  Visit the virtual space and select the six options in the correct order.  Once 

you have completed this task.  Enter the space, and watch the person working in 
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the enclosed space.  Remember, you are looking after their safety, so make the 

right choice when asked.  

5. Continue with the lesson using the PowerPoint slides provided:  

Formative VR Test Number 3 – Attendant responsibility - what to do in an 

emergency?

Final reflection 

Reinforce the dangers of enclose space entry.  Reinforce the process required prior to 

entry into an enclosed space, the actions to be taken when something goes wrong.

Summative assessment

The assessment is prepared using Google docs.  If time permits, wait until the next 
lesson to carry out a final test.   

Assessment link: 

https://goo.gl/forms/6vpZ2eCZQ2Swi58B2

Deeper Learning 

Refer students to any of the P and I Club Publications.  We used:

The Standard Club - A Master’s Guide to Enclosed Space Entry 
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5.2 Lesson development: ship familiarisation – synthesis 
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1. Self-guided Exploratory Experience  

The students are given guidance on their objectives, and left to explore and seek the required 
information themselves. The students have complete control over their location on the bridge, the 
information they see and the order in which they consume the information. 

2. Teacher Guided Experience  

The students have a degree of freedom in their interaction within the scenes, however the teacher 
channels their focus through the use of guided visual indicators.  

3. Teacher Controlled Experience  

The teacher has absolute control over the experience, changing the location of the users and 
highlighting and displaying text and images as they see fit. 

5.3  Responding to the abnormal – application
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6. Methodology 

6.1 Approach and methods

6.2 Context, participants and overview of study

6.3 Objective 2 

‘Adopt a qualitative learner journey analysis methodology, to produce a validation to understand the 
learner experience.’ 

.

                                                            
1 System here refers to the development of the Synthetic Learning Environment. 
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6.4 Procedure 

                                                            
2 https://danamartensmfadt.files.wordpress.com/2016/08/virtuallyusable.pdf 
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Depends on Formality 

Performance Model No Either Quantitative

Requires Representative Users, Application Specific, Quantitative or Qualitative
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Requires representative users, generic or application specific, quantitative or qualitative results.  

Requires users, Application specific, Qualitative Results.
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3 More info see http://www.ueq-online.org  

Lab
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Objective 3 

‘Develop existing cost effective technology to create a VR based training scenario/s for use by a trainer 
to assess a trainee’s task performance against a set of objectives with combinations of both visual and 
cognitive tasks; this will include validation by quantitative measures and the running of experimental 
trials; including development of a mechanism to record and monitor student achievements against 
training objectives during training events; and also including development of a mechanism to 
record/deliver learner feedback.’   
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 Objective 4

‘To contribute findings from the analysis to derive a set of recommendations / toolkit of good practice 
for the use of synthetic teaching and learning activities through the use of empirical data that industry, 
maritime regulators, training providers and other stakeholders can use to inform seafarer pedagogical 
practice.’
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techradar
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. medium

AQUILA EDUCATION 

PCMag UK

WAREABLE, 

Wareable, 

WAREABLE,

Aquila education 
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PRIME VR 

 Your Cloud Works

techradar

Virtual reality in the k-12 classroom
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Appendix A - UX Pre-test questionnaire 

Appendix B  - Enclosed spaces assessment 

Appendix C - The Teachers Toolkit 

Appendix D - Principal Investigator’s Contact Details and Bio 
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It is your personal opinion that counts. Please remember, there is no wrong or right answer! 
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Maritime Educators - A Toolkit for Integrating Smartphone based 
AR and VR into the curriculum 

What is the difference between AR and VR? 
With virtual reality, you can walk around a virtual engine room. And with augmented reality, you can watch an 
engine pop out of your business card.  VR is more immersive, AR provides more freedom for the user.

What are the advantages of blending VR or AR into your teaching? 
The cost of physical field trips are expensive and ship visits are difficult to organise. 
This technology helps students to engage in activities that might be impossible due to access, time, or 
even risk.   
Blending VR or AR into lessons opens up wider opportunities for learner engagement for those who 
are more kinaesthetic.    
Experiences can designed to make the complex idea or concepts, simpler.   
VR and AR are both experiential and visual.  Blending experiential learning into teaching helps 
students to relate there learning to real life at sea, improving attitudes to learning.   
Blending experiences with instruction helps to immediately apply knowledge. 
We can provide opportunities for real-time coaching and feedback.   
During virtual assessments, performance and accomplishments are obvious and immediate.   

What does the research say? 

During field tests students who experienced blended VR into their lessons, performed twice as well compared 
to students who had not experienced the VR. 

Okay, so what do I need to get started? 

1. Smartphone
A smart phone - The phone must have a gyroscope and an accelerometer.  Both android devices and 
IOS (apple) phones can be used to play the AR or VR on.  You will need your own personal device.  We 
found that most student’s have compatible smartphones.   However, if there aren’t enough compatible 
smartphones in you class, ask if the students would be happy to work collaboratively.  

2. A headset
This is used for the VR experience. 

3. A lesson plan 
Whilst AR and VR are great technologies, it is about blending this approach to learning into the 
curriculum.  Therefore you will need a lesson plan to carefully integrate the VR to AR into your lesson.  
We have included an example at the end. 
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Lesson planning - How to integrate VR and AR into your lesson

It is important that AR or VR is seamlessly intergraded into the curriculum and not made the main focus.  The 
assorted strategies used during the lesson are enhanced by VR not replaced.  VR and AR are simply tools to enrich 
learning.   
Your lessons should follow a consistent format,  and be designed to engage  your  students,  teach  the content 
and improve their knowledge or skills, all while adhering to the curriculum and standards.  Engage your students 
at the start of the lesson with a short warm-up to get them thinking about the topic and discussing.  This can be 
done using a number of videos available by searching the youtube channel.  Try asking your students to find 
some material.   

Each lesson should consist of several different activities to differentiate the content and support students of all 
abilities. Possible activities include: 

Reading 
Writing
Videos or pictures 
Discussions 
Bring your own device (BYOD) - ‘Googling it’ 
Subject Q and A WhatsApp groups 

End the lesson with an activity for students to summarize and demonstrate their learning steps.  For student 
teacher interaction try blending the use of some free online tools such as: 

Mentimeter (https://www.mentimeter.com/) 
AnswerGarden (https://answergarden.ch/) 

Preparing your Lesson – The Lesson plan 

We have included an example lesson plan on the final page of thus document, but as a minimum you will need 
to define: 

The lesson overview, learning aim and learning objectives  
Student assessments strategies 
PowerPoint slides,  
Links to web resources or online learning tools e.g. answergarden or mentimeter 
You may also wish to include a differentiation strategy to identify how you intend to better enable 
different learning styles. 

Student learning and assessment 

During VR experiences/activities (we found) that students preferred to be self-lead or coached compared to the 
traditional teacher centric approach.  However, what is still crucial, is that the educator carefully explains what 
the purpose of the experience is and what the student is expected to be doing.  If students become unsure they 
quickly start to lose focus and disengage from the task. 

－ 58 －



For assessment, it is important to highlight that the choice of method very much depends on the type of training 
and the extent, as well as the depth of knowledge required, and the range of learning required.  As we are only 
dealing with smartphone VR and AR, unless you are familiar with gaming engines such as unity or unreal, you will 
likely have to use worksheets combined with your web based free VR experiences. 

For the beginner, methods of formative assessment can range from simple familiarisation and recall, to 
examination of virtually suspended equipment.  For the expert it is possible to include much more complex 
assessment using algorithms, eye tracking or even heartrate monitoring.  The most important thing however is 
that you are creative and don’t be frightened to ask your students for advice!  When starting out, it is best to 
begin by linking your VR learning and assessment methods to the following principles, as highlighted by the 
literature shown on the next page. 
  Virtual and Augmented reality facilitates the following:  

- Spatial knowledge representation. Learning the physical dimension, size and layout of an 
environment or scene. 

- Experiential learning. Content that requires a physical presence and active involvement to gain the 
required knowledge. 

- Engagement. Improving the involvement of students in a lesson and their attention.
- Contextual Learning. Learning about a task or system in with appropriate context, such as the 

environmental conditions it is performed in.
- Collaborative Learning. Working together as a group to learn and engage in a lesson.

Finding VR experiences to blend in to your lessons - to create or not to create…

Currently there is a lack of VR content available for our maritime students, therefore it is important that we 
collaborate together as educators to fill this void.  Ways in which to can collaborate include: 

Posting content on 360 YouTube Channels like LookSea VR 
Use your contacts and networks to share 360 lesson material between colleagues, locally, nationally 
and internationally.   
If have the resources and contacts at your institution, try to link up with your colleagues from 
computer science or computer programming to see how you might create some content.  

In the meantime here are some application that you might consider using to get you started. 

360 Degree Cameras to hire or purchase? 
Garmin VIRB® 360
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For 360 video capture we used the waterproof and rugged Garmin offering with 5.7K/30fps 
Resolution and 4K Spherical Stabilisation. 

Visit: https://buy.garmin.com/en-GB/GB/p/562010. 

Rocha Theta 

360 degree spherical images at the touch of a button
Take spherical videos up to 25 minutes long
Live streaming of 360 degree images. Effective pixels - approximately 12 megapixels (x2)
Transfer images to your Apple or Android device by WIFI
Share your images and video on social networks, dedicated websites

Visit: https://theta360.com/uk/ 

SAMSUNG 

With 4K 360° video capture life in high definition. Battery: 1,160 milli Ampere hour(mAh)
Go live with Gear 360 - Broadcast live moments
Samsung Gear 360 app allows you to switch up the view in a few taps, with multiple modes to 
choose from
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When you're ready to debut your new work, it's simple to convert 360 content into a standard 
video or photo format to upload wherever your audience is.
Gear 360 (2017), USB cable (Type-C), Strap, Pouch, Quick Start Guide
Smartphone compatibility: Galaxy S8, S8+, S7, S7 Edge, Note5, S6, S6 Edge, S6 Edge+, A5/A7 
(2017) running Android 5.0 or later. iPhone 7, 7+, 6S, 6S+, SE running iOS 10.0 or later

Visit: https://www.samsung.com/global/galaxy/gear-360/

VR Applications that you can use now… 

LookSea VR®
Cost: Free 
Summary:  Dedicated to Maritime Education and Training:  Database of experiences that can be used in VR, 
with oven ready lessons for download.  
What we use it for? 
Has a ship tour as well as a number of oven ready pre blended lessons.  Very early days start up Is it good for 
learning in the maritime domain? 

LookSea VR® 360 - youtube channel 
Cost: Free 
Summary:  Dedicated to Maritime Education and Training:  Database of experiences that can be used in VR to 
experience life at sea. 

EON Experience VR – Pre existing material 
Cost: Free 
Summary:  Database of experiences that can be used in VR, AR or Normal Mode 

Aurasma – How to make your own material 
Cost: Free 
Summary:  Scan images and make them interactive – make your own material  

Discovery VR: Pre-existing material
Cost: Free 
Summary: Discovery has added a VR app that allows you to experience your favourite Discovery programs, such 
as Deadliest Catch or Mythbusters in VR. 

EON Reality: How to make your own material
Cost: Free 
 Students and teachers can create a blended-learning environment that allows creators to combine 3D with 
PowerPoint, notes, sound effects and more. 

Immersive VR Education: How to make your own material
Cost: Free 
Free education platform allows teachers to create their own lesson plans and immersive experiences. 

Nearpod: How to make your own material
Cost: Free 
This is a free-for-teachers VR-based curriculum. 

Unimersiv: Pre-existing material
Cost: Free 
This individualized and immersive learning platform releases content on a monthly basis. 

zSpace: Offers different STEM programs, including Euclid’s shapes or human anatomy at various prices. 
Cost: Paid 
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Nautical Science 
ENTRY INTO ENCLOSED SPACES  T: 50mins 

LEARNING LEVEL /PRIOR LEARNING 

Suitable for cadet level 
No sea experience required 

LEARNING OBJECTIVES 
Understand the dangers and risks 
Understand personal responsibilities 
Understand the role of the responsible 
person
Understand action to be taken in the 
event to emergency 

ASSESSMENT STRATEGY  
This lesson consists of two VR experiences.  
Students  
VR SESSIONS 
This lesson consists of two VR experiences.  
Students  

LESSON OVERVIEW 

Casualty estimates are in the dozens each year, therefore it is imperative that those on ships and 
offshore units learn at an early stage of the dangers of entering into enclosed spaces. The 
emphasize of the lesson is to highlight the dangers, reinforce correct process and instill the culture 
of safety first. 

Students must understand how unsafe it can be to go ill-prepared into an enclosed space to assist 
a colleague as well as what to do when things go wrote.  No enclosed space should be entered 
without proper precautions and training.   

This lesson is suitable for introductory training at cadet level.  Deck, Electrotechnical and Engineer.

RESOURCES AND PREPARATION  
o VR Headsets 
o Personal device with downloaded app 
o Student devices - Download should 

preferably take place before the lesson 
begins.  If not, Broadband will be 
required (Check the speed).    

o PowerPoint slides 
o YouTube Video – Enclosed space entry 
o Google Docs assessment link 
o Mentimetre questions and student links 
o Computer 
o Projector

LITERATURE / PREVIOUS READING 

The Standard Club - A Master’s Guide to 
Enclosed Space Entry 
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ENTRY INTO ENCLOSED SPACES

Scope and Sequence 

6. Ensure students have downloaded both the VR app and Mentimeter app – Use the 

instructions given in the PP Slides. 

7. Search youtube channel for Entry into Enclosed Spaces.   An appropriate video 

introduction should last around 10 minutes.

Q1.  Mentimeter – What is an enclosed space in a ship? 

Q2.  What is meant by an enclosed space? 

8. Introduce the subject using the PowerPoint slides provided:

Formative VR Test Number 1 – The kit – (5 minutes) 

Educator:  Take the students through the equipment shown in the virtual room.  

You can use the numbers to highlight which piece of equipment you are referring 

to.

Students: In groups of two, review  the equipment laid out in the virtual room.  Ask 

them to identify the missing equipment from the list shown in the previous slides.

One student’s device is used to take turns in reviewing what’s missing from the 

virtual room.  The second student device is used to answer the mentimeter 

questions.

9. Continue with the lesson using the PowerPoint slides provided. 

Formative VR Test Number 2 – First person entry and what to do in an 

emergency?

Educator:  Explain the following to the students.  We have just discussed the six 

basic steps which must be carried out before entry into an enclosed space can take 

place.  Visit the virtual space and select the six options in the correct order.  Once 

you have completed this task.  Enter the space, and watch the person working in 
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the enclosed space.  Remember, you are looking after their safety, so make the 

right choice when asked.  

10. Continue with the lesson using the PowerPoint slides provided:  

Formative VR Test Number 3 – Attendant responsibility - what to do in an 

emergency?

Final reflection 

Reinforce the dangers of enclose space entry.  Reinforce the process required prior to 

entry into an enclosed space, the actions to be taken when something goes wrong.

Summative assessment

The assessment is prepared using Google docs.  If time permits, wait until the next 
lesson to carry out a final test.   

Assessment link: 

https://goo.gl/forms/6vpZ2eCZQ2Swi58B2

Deeper Learning 

Refer students to any of the P and I Club Publications.  We used:

The Standard Club - A Master’s Guide to Enclosed Space Entry 
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APENDIX  | Principal Investigator’s Contact Details and Bio 

Gordon Charles Meadow 

Gordon Meadow is committed to the development of Maritime Education and Training (MET). 
Formally an Associate Professor at one of the United Kingdom's leading maritime training 
institutions, Warsash Maritime Academy, part of the Warsash School of Maritime Science and 
Engineering at Solent University.  Gordon is now Principal Curriculum Developer and founder of 
startup, SeaBot XR.   SeaBot is a UK based company blending maritime training with smartphone 
based virtual reality, around the world.  He is also Chair of the Institute of Marine Engineering 
Science and Technology (IMarEST) Mariine Autonomous Surface Ships Special Interest Group (MASS 
SIG).  MASS SIG is considering skillsets for seafarers of the future in light of the growth of autonomy 
in shipping.   

Following a career at sea in the commercial yacht market, Gordon moved to academia, specialising 
in navigational technology.  He has taught at all levels in the UK Merchant Navy from new entrant 
cadet to master mariner, including undergraduate and postgraduate teaching, and was a visiting 
lecturer at MSTI in Hong Kong.  He is an examiner for the International Association of Maritime 
Institutions in Navigation and Electronic Navigation. 

He has presented internationally on his research interests in maritime education ranging, remote 
and  autonomous shipping to technologically influenced pedagogy.  He is an expert in the use of 
experiential learning for extended reality and he uses this expertise at SeaBot XR to blend maritime 
education with smartphone based virtual reality.  He is an experienced researcher and was active in 
the Rolls Royce lead innovate UK MAXCMAS autonomous ships project as well as Principal 
Investigator for the Rolls Royce collaborative autonomous ship engineering project, IMAGINE.  He 
was also principal Investigator on project WAVE, where he and his team, ranging four countries 
developed a best practice toolkit and prototype smart phone application for synthetic teaching and 
learning activities.  Gordon is working with, a host of international partners on his better together 
initiative, with his goal to provide free for use oven ready VR enhanced lessons to all maritime 
training institutions across the globe.  

Gordon is married with two children and lives in a pretty Hampshire village on the South Coast of 
England. 

Maritime Academic – Futurist – Educator – Father

1 The Lower House | Winchester Road | Wickham PO17 5EU 

T: +44(0)1329 830224 | M: +44(0)785 2268368 | E: gordon.meadow@seabotxr.com | W:

D
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