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Introducing augmented reality imaging 
into paper-based learning materials for 
engineering trade students

Abstract

How can we better represent course content (for example, engineering 
components) that does not translate well into a paper-based medium? And 
how can we deliver this content without reliance on networks or online 
technologies? 

We propose that one solution to these questions is the use of augmented reality 
(AR). This working paper describes our journey of discovery as we investigate 
the possibilities of using AR technology to render 3D objects in paper-based 
course materials. This is not a technical document of the inner workings of 
AR technology but a description of the processes required to implement AR 
technology within Open Polytechnic courses.

The project was conducted by an Open Polytechnic cross-discipline team, with 
participation from other work areas across the polytechnic. 
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Ease of use

How many times did users ask 
you for help? Where, when, 
why, how?  

Did the user get lost in the 
material?

‘What am I meant to do now?’

Note: This could mean either 
‘Where am I meant to go?’ 
(navigational); or ‘What task should 
I try to perform next?’ (educational)

Bug reports

Additional comments
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Appendix 4: Pre-release user testing observation 
sheet

You will be observing one person as they use the augmented reality material.

Please:

• observe how they use the material and note what was easily completed and 
what caused diffi culties

• record your notes and be ready to discuss any observations you have made 
with the team.

Observer (name)   Date  

Action Observation

Reads the introduction/ 
instructions

Loads the CD-Rom

Directs the webcam to the 
correct graphic

Image appears on screen 

User manipulates the image on 
the screen 

User moves to another image

User closes software etc
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Magic mirror: The ‘magic mirror’ visualisation technique is when a display 
device (in this case a computer screen) acts as a ‘mirror’ displaying the ‘live 
feed’ from an attached webcam together with virtual objects. 

osgconv: This is a command line utility that converts 3-D models between 
different formats. It converts models into the native format used by open scene 
graph, the software library on which BuildAR is written. Files loaded into the 
.osg format will load faster than they would in their original formats. Files end 
with the extension .osg (for text-based type) or .ive (for binary type). The binary 
format takes less time and space and loads faster. Because it only holds textures, 
a single fi le only is required. For .osg fi les the textures are stored as separate 
fi les, but with the models. 

The project team found that the use of either fi le format was acceptable and 
made no difference to the user.

Pattern: The corresponding image stored in the BuildAR software to match the 
printed target in the course materials.

Targets/tag/markers: For the purposes of this project we used this term to mean 
the images embedded in the print material that can be ‘read’ by a camera-
like device (in this case a webcam). The target triggers the software to open a 
previously associated 3-D fi le and is used by the software as a reference point. 

Trigger: To activate the response from the camera-like device and the software 
that ‘reads’ the code. 
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Appendix 3: Defi nitions used in this project

Augmented reality (AR) (also known as mixed reality): This is a blending 
of the real and virtual worlds. Where a live video stream is captured via a 
web camera attached to a computing device and is superimposed with digital 
content.

BuildAR: Software that enables the user to create augmented reality scenes on 
a desktop. It is produced by HITLab NZ. The basic version can be downloaded 
free. We chose to use this software because it is intuitive to use, it is free, and we 
were able to get valuable support and advice from HITLab NZ staff. 

BuildAR viewer: Julian Looser of HITLab NZ (julian.looser@HITLabnz.org) 
created an application that would enable the user to view the AR content from 
the DVD or CD-Rom without having to install any fi les on their system. It also 
enabled the user to go straight to the part of the application that ‘read’ the 
targets, without having to work through the entire program.

CAD software: Computer-aided design software that enables the design of real 
or virtual objects. 

For this project we used AutoCAD because it was already in use in the 
Open Polytechnic. AutoCAD is produced by Autodesk 
(http://south-apac.autodesk.com).

File formats: The main formats referred to include:

.ive: File format that contains data that describes dimensions, variables, 
attributes and data. Can be multiple or single fi les.

.obj: A simple data format that represents 3-D geometry.

.osg: OpenSceneGraph. An open-source fi le format used for visual simulation, 
virtual reality and similar applications such as games. 

Images: We have used this term generically – to apply to all visual material 
such as graphics, fi gures, and targets; and specifi cally – to apply to the pictures 
of roller bearings and artefacts on the printed course materials, and the 3-D 
images seen on the computer screen.
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Introduction

This working paper describes a project that tested whether three-dimensional 
(3-D) images could be delivered through the paper-based medium of an Open 
Polytechnic course instruction manual.

Augmented reality (AR) is a technology which results in a blending of the real 
world with virtual objects. Unlike virtual reality, where the user is immersed 
inside a virtual world and explores a simulated reality, AR lets the user see the 
real world and real objects and superimposes virtual objects or data over the 
top. To the user it seems that the virtual and real objects coexist. 

Figure 1 shows a computer screenshot of a ball bearing (virtual object) 
superimposed over a page containing a two-dimensional (2-D) image of the ball 
bearing (a real object). 

Fig. 1  Computer screenshot of a virtual ball bearing superimposed over a real 
2-D image
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Background

The project began after casual discussion between colleagues about developing 

a project that would be cross institutional in nature, and might contribute to 

the quality of our teaching materials. Sandra Maathuis-Smith, academic staff 

member, School of Information and Social Sciences; Gary Mersham, academic 

staff member, School of Information and Social Sciences; Martin Glaeser, 

academic staff member, Applied Technology Centre, School of Workplace 

Learning and Development; and Cheryl Brown, instructional designer in what 

was then the e-Learning department, formed a team to devise a suitable project.

According to the Open Polytechnic Investment Plan for 2008–2010:

The Polytechnic focuses on the delivery of open and distance learning 

mainly through printed learning resources with freephone/email and 

increasing e-support, supplemented where appropriate with audio/

visual media and contact support. (The Open Polytechnic of New Zealand, 

2007:5)

… few Open Polytechnic learners say they would choose online-only 

delivery if it was available. Over 90% continue to express clear preferences 

for either print-based distance learning (supported by freephone and 

email access to lecturer, library and other support services) or ‘mixed 

mode’ distance learning (the print-based service plus e-support services). 

(The Open Polytechnic of New Zealand, 2007:9)

These two statements suggest that our students prefer paper-based materials 

with communication and support via electronic means. 

International evidence shows that within the open and distance learning (ODL) 

academic community, there is an emerging consensus that learner need and 

preference, not technology, should drive pedagogy and delivery. ODL will 

not be either print-based or ‘online’ but will use appropriate mixes of available 

media designed to meet different learner needs (The Open Polytechnic of New 

Zealand, 2007:9).

Many of our courses contain content which does not translate well into a 

paper-based medium – for example, plumbing valves, electrical components, 

chemicals, and so on. How can this content be delivered to the students via the 

print medium without reliance on networks or online technologies? Augmented 

reality is proposed as a solution. 
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Viewing the scene

Run AR viewer 
software

Is the web cam
connected/installed?

Connect or install 
web camera

Browse for the saved scene and open

Manoeuvre the tag or the
web cam to dynamically view content

No

Yes

Place Tags in view of camera
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Creating the scene for AR application

Run BuildAR 
software

Are the 3D
.ive or .osg files are loated

in the models directory
of BuildAR 

Copy the .ive or .osg 
files to the Models 

directory of the 
BuildAR software

Select NEW and save – named appropriately

Add Marker – open and select .patt file

Load an object for a marker.
Double click ‘box’ icon and select the 3D object

Manipulate the 3D object as appropriate

Save the new scene.

No

Yes
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One of the biggest problems facing distance education providers that offer 

engineering courses is the lack of contact learners have with physical artefacts 

such as tools and components, and the lack of experience they have of 

physical engineering processes. Our fi rst premise was that the identifi cation, 

assembly and disassembly of components in an engineering system can be 

better explained and demonstrated when the learner has access to a 3-D 

representation of the individual components and their positions in space. The 

adage goes that ‘A picture is worth a thousand words’. A 3-D image would 

exponentially increase that to many thousands.

This paper describes our journey of discovery as we investigate the possibilities 

of using AR technology to render 3-D objects in paper-based course materials. 

The project was supported by Todd Cochrane, a Weltec academic staff member 

who researches and teaches in this area, and Mark Billinghurst and Julian 

Looser from HITLab NZ, a human interface technology lab. Staff within 

the Information Services department and the e-Learning team at the Open 

Polytechnic also provided advice. Ian Rowe from Ako Aotearoa’s Central Hub 

provided fi nancial support. 

We established that the project would be based on fi ve principles:

1. Paper-based enhancement: The project would not require the internet to 

deliver the content but would use computing technologies to enhance the 

imaging affordances of a paper-based medium.

2. Sharing of results: All results would be shared with all interested parties. 

3. Partnership: The project was a partnership between four sectors of the Open 

Polytechnic. 

4. Communication:  Communication would be open at all times and all ideas 

or issues that any team member brought to the table would be considered.

5. Openness: All documentation would be made available for team members 

on a Moodle course page.

This working paper outlines the project and describes the processes required 
and the issues faced by the project team. This is not a detailed technical piece 
on the workings of the software used or the intricate processing within the 
computing equipment. The process is described in a ‘how-to’ document, so that 
the effect can be duplicated across courses and disciplines. 

The project team hopes that the use of augmented reality technology would 
provide a way to ‘test the waters’ for future research and development in the 
area of augmented course materials. 
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Development and implementation

The project was implemented in the Engineering Unit Standard course US19873 
Demonstrate Knowledge of Bearings Used in Machines and Equipment, an 8-credit 
Level 3 course offered at the Open Polytechnic. 

We set out our initial aims in providing augmented reality enhanced course 
materials as follows:

• the ability to manipulate 3-D images

• being able to view the images in context with the text 

• being able to view the images in perspective 

• having an immediate ability to view the images as they are embedded into 
the printed medium

• not needing to learn to use software 

• making the user more active rather than passive

• not needing to be connected to the internet. 
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Tag and pattern generation process continued

Run BuildAR 
software

Run Pattern 
Generator

Tools/generate 
patterns

Open – loads an image file to use a pattern for a tag.

Save the pattern file (.patt) for use in BuildAR

Is the tag 
to be embedded in 

the course
materials?

Print out a hard
copy of the pattern 

tracking.

Take a screenshot of the 
image and save it as .jpeg

Add image to the 
course materials

as a tag

No Yes
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Appendix 2: Development of a scene for 
AR application

Tag and Pattern Generation process 3D Graphic process

Source an image 
or create a .bmp 
file format

Do you have an 
appropriate 3D 

graphic?

No

No

Do you
have an appro-
priate graphic to 
use as the target 

tag?

Is the file in
.bmp format?

Run BuildAR 
software.

Is the file in
.obj file format?

Convert files to 
.ive or .osg either 

with a 3D 
rendering 

environment 
such as ‘Blender’ 

or using the 
supplied 

conversion 
software.

Is the file
now in .ive or 
.osg format?

Source an image or 
have one created in 
.obj file format

No

Yes

Yes

Yes

Yes

Yes

No

No
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What is augmented reality?

Augmented reality (AR) is sometimes referred to as mixed reality. It is a 

blending of the real world and virtual objects. Unlike virtual reality, where the 

user is immersed inside a virtual world and explores a simulated reality, AR 

lets the user see the real world and real objects and superimposes virtual objects 

or data over the top. To the user it seems that the virtual and real objects coexist. 

AR technology is a part of the emerging fi eld of tangible interfaces. These in 
turn are part of a wider body of technologies called ‘ubiquitous computing’ – 
computing technology that is so embedded in the world that it ‘disappears’.

Milgram (1994), (In Billinghurst, 2001) points out that computer interfaces 
can be placed on a continuum according to how much of the user’s world is 
generated by the computer.

Copyright © IEEE.

Moving from left to right, the amount of virtual imagery increases and the 
connection with reality weakens. 

Through the use of AR technology the printed page can become a means to 
stop students being static, passive consumers and make them active observers 
of dynamic content or participants in the animated interactive virtual 
environments.

  

Static, passive consumer Passive observer of dynamic content Active participant or observer in 
the animated interactive virtual 
environments

Copyright © IEEE.
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This means that textbooks and printed course materials no longer need to be 
static sources of information (Billinghurst, Kato, & Poupyrev, 2001).
In the past some of the issues of AR have been in the cumbersome hardware 
and restrictive and costly viewing devices such as head mounted goggles and 
helmets. This has been largely overcome with the use of handheld devices and 
the magic mirror technique, which was utilised for this project.

AR is gaining in popularity and is increasingly used, particularly in the 
following areas: 

• Movies – many have AR supported websites, for example: 

– Transformers: www.weareautobots.com/nz/index.php

– Star Trek: www.youtube.com/watch?v=v9Zl1e5pAHA)

• Advertising and promotion – for example, Earth hour: www.youtube.com/
watch?v=8Ztnfpl0MPc

• Music videos – for example, the Lost Valentinos music video: www.youtube.
com/watch?v=T4Nuje_YCoM  

• Packaging – for example, Doritos: www.youtube.com/
watch?v=tJ_4tYUIQ8Y 

• Online catalogues and magazines – for example:

– Mini: http://www.mini.de/de/de/webcam/index.jsp

– Esquires: http://www.engadget.com/2009/11/10/esquires-
augmented-reality-issue-goes-on-sale-and-we-have-vide/

Shelton (2003) suggests that because AR is used in entertainment and games 
some question its pedagogical value, but argues its merit lies in its ability to 
allow for viewing things in a natural environment that otherwise would be 
impossible to show, such as labels on parts of an engine or forces on the poles of 
a magnet. 

Copyright © Gizmodo.

BMW has been using AR to train the mechanics 
and technicians in their workshops. Instructions, 
tools and location are all conveyed to the mechanic 
looking through head mounted glasses into the 
engine bay. Audio commands are played through 
an earpiece and the text is displayed next to the 
relevant components.
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BuildAR software has an inbuilt function for the creation of patterns and 
markers. After many iterations and trials with fi le formats and image 
complexities (symbols, black and white pictures, colour pictures) we settled on 
using words. The words served two purposes: fi rstly they told the user what 
they could expect (for example, ‘Race Bearing’); and secondly they were simple 
for the camera to pick up, but different enough for the software to differentiate 
between targets. The fi le format accepted by the software was a bitmap (.bmp) 
format. The .bmp fi le is loaded into the ‘generate markers’ function, the heavy 
black frame is automatically added and a matching pattern fi le is saved by the 
software. These pattern fi les can be exported as an image fi le and printed or 
saved for inserting into documents; in this case they were inserted into course 
materials. At this stage we had the marker (printed or embedded target image 
with the thick black frame) and the matching patterns (internal to the software).

The 3-D content was a more problematic. Initially BuildAR would only accept 
object (.obj) fi le format; unfortunately these are huge and take a long time to 
load in the software. HitLabNZ came to the rescue with a convertor program 
that was written for us to convert the .obj fi les into a much more compressed 
.ive or native Scalable Vector Graphic (.svg) formats. These fi les were much 
smaller and loaded very quickly.

The 3-D objects that we obtained from SKF’s website were opened in a 
computer-aided design software and resaved as .obj fi le type. During this 
process some detail was lost and the images did not render true to reality. This 
issue was something we had to live with as it was the concept of seeing the 3-D 
objects that we were interested in rather than the quality of the images.

Viewing: The secret is in the squares

As described earlier, the marker has a heavy black frame around it. This frame 
serves as a delineation for the computer to recognise markers or tags. It also 
tells the computer what content to read, that is, the image inside the black 
frame. 

There is a lot of development with colour images and even markerless AR but 
for this project we kept it simple. By using a plain black and white image we 
could use a very basic and inexpensive webcam to read the markers. 



18 © The Open Polytechnic of New Zealand Working Papers (10-05)

Appendix 1: Overview of how the AR system works

Video stream from 
camera

Markers identified by 
the black marker frame

Search for 
markers

Find marker 
position and 
orientation

Match markers 
with patterns in 

software

Identify 3D object 
associated with marker

Render 3D object in 
video frame Position and orient 

object

Race
Bearing

1. The camera captures video of the real world and sends it to the computer. 
Software on the computer searches through each video frame for any square 
shapes. 

2. If a square is found, the software uses some mathematics to calculate the 
position of the camera relative to the square. 

3. Software on the computer searches through the patterns for a match.

4. Once a match is found the corresponding computer graphics model is 
drawn from that same position. 

5. This model is drawn on top of the video of the real world and sent back to 
the display. 

6. When the user looks through the display they see an image overlaid on the 
real world. 

The computer is able to do this calculation fast enough that the square 
marker can be moved and the computer graphics will move with it. The only 
requirement is that the camera has to be able to ‘see’ the whole square marker in 
order for the tracking to work. (HITLabNZ, 2009)

The three main components are therefore: patterns, markers and 3-D objects.
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Copyright © CCAT and 
Liteye Systems.

 In the military AR has been used for simulations and 
warfare training (Howard, 2007). An AR training 
system which can be used to train soldiers in how 
to effectively operate new tools, repair machinery or 
navigate away from danger. AR simulations can allow 
soldiers to experience unusual or dangerous conditions 
in a controlled environment. In the fi eld, soldiers can be 
shown annotations of enemy movements, geographical 
layouts, escape routes and so on.

Copyright © UNC 
Chapel Hill Department 
of Computer Science.

 In the medical domain, AR has been used to combine 
medical imagery, scans and equipment readouts with 
the physician’s view of a patient. AR has been utilized 
in medical applications for over a decade, using see-
through head-mounted devices to view imagery on real 
patients.

Ultrasound imaging has been used to render real time 
data and images over a patient’s body. For example, 
an image of a foetus can be overlaid on the mother’s 
abdomen and as the mother, user or foetus moves, the 
image showing the position of the foetus moves too.

Copyright © University 
College London.

 AR in architecture increases visualisation of new 
developments, and assists in collaborative urban 
planning (UCL Bartlett School of Graduate Studies, 
2006).

In archaeology AR has been used to ‘reconstruct’ ruins (Vassilios, Karigiannis, & 
Ioannidis, 2003). 

 

An AR reconstruction example: The Philippion Temple at Ancient Olympia
Copyright © Cultivate Interactive.
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The visualisation technique in each of the above examples is ‘see-through head-
mounted displays’. These can be cumbersome, restrictive and expensive. For 
application in the distance education realm these headsets are not feasible so 
we opted for the ‘magic mirror’ visualisation technique. This technique utilises 
inexpensive, and in most cases, very common computer equipment and a 
webcam, to allow students’ to visualise the 3-D content.

Magic mirror technique

The person holds the marker in view of the webcam, the video stream is 
captured and sent to the computer for processing, and the video feed is then 
sent to the screen showing the real and digital content.

Copyright © Total Immersion.

Augmented reality (AR) has the potential to engage and motivate learners to 
explore material from a variety of differing perspectives, and has been shown to 
be particularly useful for teaching subject matter that students could not possibly 
experience fi rst hand in the real world. (Kerawalla, Luckin, Seljefl ot, & Woolard, 
2006, p. 163)

It was this statement and the prospect of enhancing the students’ experience, 
coupled with the fact that a large amount of the Open Polytechnic’s courses are 
in print that prompted the initiation of this project.
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Methodology 

The project entailed developing a process to embed AR targets into printed 
course materials. The materials developed were trialled with a group of users 
to see whether or not having access to the images helped them engage with the 
material. It was felt that engineering students might benefi t from being able to 
manipulate components depicted in three dimensions. After discussions with 
the engineering school centre manager, the bearings unit 19873 was selected 
because there were 3-D graphics readily available to use for the development of 
3-D objects. The student profi le also seemed to capture the characteristics of a 
subject group who might, in the future, benefi t from the AR experience.

Learners enrolled in the trade engineering courses are usually contracted 
apprentices with the engineering industry trade organisation. They are mostly 
male and aged between 18 and 25, although there are some older apprentices 
(up to 50 years of age). Most have minimal school qualifi cations. Most have 
NCEA Level 2 or below, with the majority being at Level 1 or below. Many fi t 
the description of a ‘kinaesthetic learner’.

The project used a system approach based on the ADDIE model, a ‘fi ve-phase 
instructional design model consisting of Analysis, Design, Development, 
Implementation, and Evaluation, in which each step has an outcome that feeds 
into the next step in the sequence.’ (Learning Theories Knowledgebase, 2009, 
November).
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This is how the ADDIE model was applied for this project.

Analyse The analysis involved in-depth discussions with the course 
tutor regarding the learners’ needs, the diffi culties they were 
encountering and ways we believed the project could help 
solve those needs in the future.

We had agreed that we would try to embed the AR targets 
into the material, so we needed to decide on the images, 
and agree on the best process to use the software that was 
available.

Design Once the process was decided, images were chosen and 
sourced, a way of embedding the images discussed, and 
terminology agreed. 

Develop and 
implement 

The targets were developed and embedded into the materials, 
and users tested the software and applications. As a result, 
some changes were made to the instructions for users. Pre-
release user testing was carried out. 

Evaluate A survey instrument was devised and feedback from 
users was collated, the project process evaluated, and 
recommendations made.

(Brown, Glaser, Maathuis-Smith, & Mersham, 2010. p.8)

During the development phase a close relationship was established with 
HitLab, the company which developed BuildAR, the Augmented Reality 
software used for creating AR scenes in this project. The team appreciated the 
help given to them by developers – this involved advice on using the software 
and creation of an executable fi le and a viewer to enable users to easily run it on 
their computers.

At the time of the project, the BuildAR software was available free of charge. 
According to Mark Billinghurst of HITLab NZ and ARtoolworks the free 
version of BuildAR will remain available, but the intention is to bring to market 
a low-cost professional version with more functionality. The BuildAR software 
is available for download from the HITLab NZ website at: www.hitlabnz.org/
wiki/BuildAR

We identifi ed a need for a viewer of AR content, instead of access to the whole 
development suite. After consultation with HITLab NZ, they developed a 
viewer – this software allows viewing of the AR content already created. The 
viewer will be included in the new version of the BuildAR software. The reason 
we used these tools for the AR development was primarily that the software 
was free, and that support and development was New Zealand based.
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Conclusion

The feedback provided said that the fi les opened easily, but one user had 
some diffi culties with positioning the webcam in relation to the targets in the 
coursework and thus generating the 3-D images. The process of adding easily-
accessible 3-D graphics to augment the paper-based learning packages used for 
teaching trade engineering theory has potential.

We anticipate that since the process is workable, learners in real estate courses 
(about 200 per year) and other trades courses (1,000 per year) could benefi t from 
using AR images in their course material at the Open Polytechnic. The process 
is transferable – which means that learners in other polytechnics and training 
institutes would benefi t.

While there appears to be great potential, relatively little is known about the 
capability of this technology to support teaching and learning, especially in the 
distance learning environment.

Recommendations

The project demonstrates the insertion of AR objects into Open Polytechnic 
print coursework is feasible. Further research will be needed to assess whether 
the use of the technology has a positive impact on student learning.
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Over a 1-hour period the users were asked to load the camera, following the 
instructions, then insert the DVD with the AR viewing software and run it. 
Once that was done they were asked to focus the camera on the AR targets 
embedded in the loose-leaved printed materials. They were not given all of the 
course materials.

Three project team members observed the users, focusing on the ease with 
which users were able to understand the instructions, load the camera, identify 
the AR targets and load the DVD.

The observers were instructed to interact with the users as little as possible. 
Towards the end of the hour the users were free to discuss the session with the 
observers, and they completed a survey which provided an opportunity for 
them to describe their experiences (see Appendix 4).

The staff members who collaborated on the project believed that kinaesthetic 
users (those who learn by doing, moving and manipulating) would benefi t from 
being able to view and manipulate virtual 3-D images using a webcam and a 
computer.
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Process and discussion

The project team aimed to insert up to 20 AR targets for roller bearings into the 
printed course material and to supply software that would enable the learners 
to view the rendered images on their computer screens. While roller bearings 
are common artefacts, there are variations that are not commonly used and 
learners might not see all of them in workshops. 

A range of bearings described in the existing learning material was identifi ed 
from the SKF (a large roller bearing manufacturer) website at:

www.skf.com/portal/skf/home/products?newlink=fi rst

Appropriate images were readily available in a variety of 3-D formats 
copyright-free, thus reducing the time needed to source suitable images. 

It was expected that once this concept had been proved and a process 
developed, it could be used to render other, rarer, artefacts.

Fig. 2  An image of a roller bearing, viewed on a computer screen via a webcam focused 
on the augmented reality target

An AutoCAD (industry-standard design software used in engineering and 
architecture) design fi le for each bearing was downloaded. AutoCAD was then 
used to open each fi le and export the 3-D CAD model in a fi le format that could 
be further converted into an ASCII format object fi le (.obj). This .obj format 
was then converted into an OpenSceneGraphic (.osg) format compatible with 
HITLab NZ’s AR software.
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The .obj format fi les were very large and although they did open and run in the 
BuildAR software, they were very slow to load. The .obj fi les were optimised 
by converting them to binary format object fi le (.ive) or .osg formats using a 
conversion tool (osgconv) supplied by HITLab NZ. 

The fi les were then exported to BuildAR software. A folder containing the set of 
images was created. The AR software and graphics fi les were then burnt onto 
DVD for pre-release evaluation and user trials.

BuildAR software was also used to generate an image that was used as the 
target, which triggered the software from the printed page. The team decided to 
use a target in the form of words and a heavy black border so that the webcam 
could easily distinguish between the target and the other artefacts on the page, 
such as fi gures and images.

We purchased basic Microsoft VX-500 webcams for users in the trials and 
incorporated the pages with the embedded targets into the course material. We 
also developed instructions for loading the webcam and running the viewing 
software.
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User testing

Once the materials were developed they were user tested. The participants 
for the user testing group were selected from staff at the Open Polytechnic 
and consisted of fi ve participants across a range of computer skills and job 
descriptions. Lecturers, from a variety of disciplines and a Moodle technician 
were approached and asked to volunteer their time. According to Neilson (2000) 
the best results for pre-release user testing of this kind are obtained when there 
are fi ve or fewer users. 

Using an observation technique, the user group were observed in a controlled 
environment where they were given a workstation, the software, a web camera 
and the instructions. Each participant was also allocated an observer from the 
project team. The observer had a list of criteria to check as the user attempted to 
install and run the camera and AR software (Appendix 4).

Fig. 3  One of the users loading the webcam 

Each user was provided with a set of instructions, a set of course materials 
with integrated graphics, a Microsoft VX-500 webcam and a DVD with the AR 
viewing software.

The users were situated in the Open Polytechnic’s multimedia lab. Two used 
Dell laptops with separate Hewlett Packard monitors, while the other (the 
highly confi dent user) viewed the material using only the Dell laptop. All 
computers were loaded with Windows XP. 
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Over a 1-hour period the users were asked to load the camera, following the 
instructions, then insert the DVD with the AR viewing software and run it. 
Once that was done they were asked to focus the camera on the AR targets 
embedded in the loose-leaved printed materials. They were not given all of the 
course materials.

Three project team members observed the users, focusing on the ease with 
which users were able to understand the instructions, load the camera, identify 
the AR targets and load the DVD.

The observers were instructed to interact with the users as little as possible. 
Towards the end of the hour the users were free to discuss the session with the 
observers, and they completed a survey which provided an opportunity for 
them to describe their experiences (see Appendix 4).

The staff members who collaborated on the project believed that kinaesthetic 
users (those who learn by doing, moving and manipulating) would benefi t from 
being able to view and manipulate virtual 3-D images using a webcam and a 
computer.
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Process and discussion

The project team aimed to insert up to 20 AR targets for roller bearings into the 
printed course material and to supply software that would enable the learners 
to view the rendered images on their computer screens. While roller bearings 
are common artefacts, there are variations that are not commonly used and 
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This is how the ADDIE model was applied for this project.

Analyse The analysis involved in-depth discussions with the course 
tutor regarding the learners’ needs, the diffi culties they were 
encountering and ways we believed the project could help 
solve those needs in the future.

We had agreed that we would try to embed the AR targets 
into the material, so we needed to decide on the images, 
and agree on the best process to use the software that was 
available.

Design Once the process was decided, images were chosen and 
sourced, a way of embedding the images discussed, and 
terminology agreed. 

Develop and 
implement 

The targets were developed and embedded into the materials, 
and users tested the software and applications. As a result, 
some changes were made to the instructions for users. Pre-
release user testing was carried out. 

Evaluate A survey instrument was devised and feedback from 
users was collated, the project process evaluated, and 
recommendations made.

(Brown, Glaser, Maathuis-Smith, & Mersham, 2010. p.8)

During the development phase a close relationship was established with 
HitLab, the company which developed BuildAR, the Augmented Reality 
software used for creating AR scenes in this project. The team appreciated the 
help given to them by developers – this involved advice on using the software 
and creation of an executable fi le and a viewer to enable users to easily run it on 
their computers.

At the time of the project, the BuildAR software was available free of charge. 
According to Mark Billinghurst of HITLab NZ and ARtoolworks the free 
version of BuildAR will remain available, but the intention is to bring to market 
a low-cost professional version with more functionality. The BuildAR software 
is available for download from the HITLab NZ website at: www.hitlabnz.org/
wiki/BuildAR

We identifi ed a need for a viewer of AR content, instead of access to the whole 
development suite. After consultation with HITLab NZ, they developed a 
viewer – this software allows viewing of the AR content already created. The 
viewer will be included in the new version of the BuildAR software. The reason 
we used these tools for the AR development was primarily that the software 
was free, and that support and development was New Zealand based.
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Conclusion

The feedback provided said that the fi les opened easily, but one user had 
some diffi culties with positioning the webcam in relation to the targets in the 
coursework and thus generating the 3-D images. The process of adding easily-
accessible 3-D graphics to augment the paper-based learning packages used for 
teaching trade engineering theory has potential.

We anticipate that since the process is workable, learners in real estate courses 
(about 200 per year) and other trades courses (1,000 per year) could benefi t from 
using AR images in their course material at the Open Polytechnic. The process 
is transferable – which means that learners in other polytechnics and training 
institutes would benefi t.

While there appears to be great potential, relatively little is known about the 
capability of this technology to support teaching and learning, especially in the 
distance learning environment.

Recommendations

The project demonstrates the insertion of AR objects into Open Polytechnic 
print coursework is feasible. Further research will be needed to assess whether 
the use of the technology has a positive impact on student learning.



16 © The Open Polytechnic of New Zealand Working Papers (10-05)

References

Bichlmeier, C., Heining, S.M., Feuerstein, M., & Navab, N. (2009). The virtual 
mirror: A new interaction paradigm for augmented reality environments. 
IEEE Transactions on Medical Imaging, 28(9), 1498–1510. doi:10.1109/
TMI.2009.2018622

Billinghurst, M. (2001). Augmented reality in education. New Horizons. 
Retrieved November 18, 2009, from http://www.newhorizons.org/
strategies/technology/billinghurst.htm

Billinghurst, M., Kato, H., & Poupyrev, I. (2001). The MagicBook – Moving 
seamlessly between reality and virtuality. Computer Graphics and 
Applications, 21(3), 2–4. doi:0272-1716/01

Brown, C., Glaser, M., Maathuis-Smith, S., & Mersham, G. (2010). Enhancing 
learning for engineering trade learners: Augmented paper-based materials in course 
design. Retrieved July 20, 2010 from http://akoaotearoa.ac.nz/download/
ng/fi le/group-6/enhancing-learning-for-engineering-trade-learners---full-
project-report.pdf

Hitlab, (2009). Retrieved from http://www.hitlabnz.org

Howard, C. (2007). Department of Defense invests in delivering augmented 
reality technology to foot soldiers. Military & Aerospace Electronics, May.

Kerawalla, L., Luckin, R., Seljefl ot, S., & Woolard, A. (2006). ‘Making it real’: 
exploring the potential of augmented reality for teaching primary school 
science. Virtual Reality, 10, (3–4), 163–174. doi: 10.1007/s10055-006-0036-4

Learning Theories Knowledgebase (2009, November). ADDIE model at Learning-
Theories.com. Retrieved November 18, 2009, from http://www.learning-
theories.com/addie-model.html

Nielson, J. (2000). Why you only need to test with 5 users. Retrieved June 16, 2010, 
from http://www.useit.com/alertbox/20000319.html 

Shelton, B. E. (2003). Augmented reality and education current projects and the 
potential for classroom learning. Retrieved from http://www.kabk.nl/lab/
docs/education3.pdf

The Open Polytechnic of New Zealand. (2007, November 22). Investment plan 
2008–2010. Lower Hutt, New Zealand: Author.

Working Papers (10-05)  © The Open Polytechnic of New Zealand 9

Methodology 

The project entailed developing a process to embed AR targets into printed 
course materials. The materials developed were trialled with a group of users 
to see whether or not having access to the images helped them engage with the 
material. It was felt that engineering students might benefi t from being able to 
manipulate components depicted in three dimensions. After discussions with 
the engineering school centre manager, the bearings unit 19873 was selected 
because there were 3-D graphics readily available to use for the development of 
3-D objects. The student profi le also seemed to capture the characteristics of a 
subject group who might, in the future, benefi t from the AR experience.

Learners enrolled in the trade engineering courses are usually contracted 
apprentices with the engineering industry trade organisation. They are mostly 
male and aged between 18 and 25, although there are some older apprentices 
(up to 50 years of age). Most have minimal school qualifi cations. Most have 
NCEA Level 2 or below, with the majority being at Level 1 or below. Many fi t 
the description of a ‘kinaesthetic learner’.

The project used a system approach based on the ADDIE model, a ‘fi ve-phase 
instructional design model consisting of Analysis, Design, Development, 
Implementation, and Evaluation, in which each step has an outcome that feeds 
into the next step in the sequence.’ (Learning Theories Knowledgebase, 2009, 
November).
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The visualisation technique in each of the above examples is ‘see-through head-
mounted displays’. These can be cumbersome, restrictive and expensive. For 
application in the distance education realm these headsets are not feasible so 
we opted for the ‘magic mirror’ visualisation technique. This technique utilises 
inexpensive, and in most cases, very common computer equipment and a 
webcam, to allow students’ to visualise the 3-D content.

Magic mirror technique

The person holds the marker in view of the webcam, the video stream is 
captured and sent to the computer for processing, and the video feed is then 
sent to the screen showing the real and digital content.

Copyright © Total Immersion.

Augmented reality (AR) has the potential to engage and motivate learners to 
explore material from a variety of differing perspectives, and has been shown to 
be particularly useful for teaching subject matter that students could not possibly 
experience fi rst hand in the real world. (Kerawalla, Luckin, Seljefl ot, & Woolard, 
2006, p. 163)

It was this statement and the prospect of enhancing the students’ experience, 
coupled with the fact that a large amount of the Open Polytechnic’s courses are 
in print that prompted the initiation of this project.
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Appendix 1: Overview of how the AR system works

Video stream from 
camera

Markers identified by 
the black marker frame

Search for 
markers

Find marker 
position and 
orientation

Match markers 
with patterns in 

software

Identify 3D object 
associated with marker

Render 3D object in 
video frame Position and orient 

object

Race
Bearing

1. The camera captures video of the real world and sends it to the computer. 
Software on the computer searches through each video frame for any square 
shapes. 

2. If a square is found, the software uses some mathematics to calculate the 
position of the camera relative to the square. 

3. Software on the computer searches through the patterns for a match.

4. Once a match is found the corresponding computer graphics model is 
drawn from that same position. 

5. This model is drawn on top of the video of the real world and sent back to 
the display. 

6. When the user looks through the display they see an image overlaid on the 
real world. 

The computer is able to do this calculation fast enough that the square 
marker can be moved and the computer graphics will move with it. The only 
requirement is that the camera has to be able to ‘see’ the whole square marker in 
order for the tracking to work. (HITLabNZ, 2009)

The three main components are therefore: patterns, markers and 3-D objects.
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Copyright © CCAT and 
Liteye Systems.

 In the military AR has been used for simulations and 
warfare training (Howard, 2007). An AR training 
system which can be used to train soldiers in how 
to effectively operate new tools, repair machinery or 
navigate away from danger. AR simulations can allow 
soldiers to experience unusual or dangerous conditions 
in a controlled environment. In the fi eld, soldiers can be 
shown annotations of enemy movements, geographical 
layouts, escape routes and so on.

Copyright © UNC 
Chapel Hill Department 
of Computer Science.

 In the medical domain, AR has been used to combine 
medical imagery, scans and equipment readouts with 
the physician’s view of a patient. AR has been utilized 
in medical applications for over a decade, using see-
through head-mounted devices to view imagery on real 
patients.

Ultrasound imaging has been used to render real time 
data and images over a patient’s body. For example, 
an image of a foetus can be overlaid on the mother’s 
abdomen and as the mother, user or foetus moves, the 
image showing the position of the foetus moves too.

Copyright © University 
College London.

 AR in architecture increases visualisation of new 
developments, and assists in collaborative urban 
planning (UCL Bartlett School of Graduate Studies, 
2006).

In archaeology AR has been used to ‘reconstruct’ ruins (Vassilios, Karigiannis, & 
Ioannidis, 2003). 

 

An AR reconstruction example: The Philippion Temple at Ancient Olympia
Copyright © Cultivate Interactive.
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This means that textbooks and printed course materials no longer need to be 
static sources of information (Billinghurst, Kato, & Poupyrev, 2001).
In the past some of the issues of AR have been in the cumbersome hardware 
and restrictive and costly viewing devices such as head mounted goggles and 
helmets. This has been largely overcome with the use of handheld devices and 
the magic mirror technique, which was utilised for this project.

AR is gaining in popularity and is increasingly used, particularly in the 
following areas: 

• Movies – many have AR supported websites, for example: 

– Transformers: www.weareautobots.com/nz/index.php

– Star Trek: www.youtube.com/watch?v=v9Zl1e5pAHA)

• Advertising and promotion – for example, Earth hour: www.youtube.com/
watch?v=8Ztnfpl0MPc

• Music videos – for example, the Lost Valentinos music video: www.youtube.
com/watch?v=T4Nuje_YCoM  

• Packaging – for example, Doritos: www.youtube.com/
watch?v=tJ_4tYUIQ8Y 

• Online catalogues and magazines – for example:

– Mini: http://www.mini.de/de/de/webcam/index.jsp

– Esquires: http://www.engadget.com/2009/11/10/esquires-
augmented-reality-issue-goes-on-sale-and-we-have-vide/

Shelton (2003) suggests that because AR is used in entertainment and games 
some question its pedagogical value, but argues its merit lies in its ability to 
allow for viewing things in a natural environment that otherwise would be 
impossible to show, such as labels on parts of an engine or forces on the poles of 
a magnet. 

Copyright © Gizmodo.

BMW has been using AR to train the mechanics 
and technicians in their workshops. Instructions, 
tools and location are all conveyed to the mechanic 
looking through head mounted glasses into the 
engine bay. Audio commands are played through 
an earpiece and the text is displayed next to the 
relevant components.
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BuildAR software has an inbuilt function for the creation of patterns and 
markers. After many iterations and trials with fi le formats and image 
complexities (symbols, black and white pictures, colour pictures) we settled on 
using words. The words served two purposes: fi rstly they told the user what 
they could expect (for example, ‘Race Bearing’); and secondly they were simple 
for the camera to pick up, but different enough for the software to differentiate 
between targets. The fi le format accepted by the software was a bitmap (.bmp) 
format. The .bmp fi le is loaded into the ‘generate markers’ function, the heavy 
black frame is automatically added and a matching pattern fi le is saved by the 
software. These pattern fi les can be exported as an image fi le and printed or 
saved for inserting into documents; in this case they were inserted into course 
materials. At this stage we had the marker (printed or embedded target image 
with the thick black frame) and the matching patterns (internal to the software).

The 3-D content was a more problematic. Initially BuildAR would only accept 
object (.obj) fi le format; unfortunately these are huge and take a long time to 
load in the software. HitLabNZ came to the rescue with a convertor program 
that was written for us to convert the .obj fi les into a much more compressed 
.ive or native Scalable Vector Graphic (.svg) formats. These fi les were much 
smaller and loaded very quickly.

The 3-D objects that we obtained from SKF’s website were opened in a 
computer-aided design software and resaved as .obj fi le type. During this 
process some detail was lost and the images did not render true to reality. This 
issue was something we had to live with as it was the concept of seeing the 3-D 
objects that we were interested in rather than the quality of the images.

Viewing: The secret is in the squares

As described earlier, the marker has a heavy black frame around it. This frame 
serves as a delineation for the computer to recognise markers or tags. It also 
tells the computer what content to read, that is, the image inside the black 
frame. 

There is a lot of development with colour images and even markerless AR but 
for this project we kept it simple. By using a plain black and white image we 
could use a very basic and inexpensive webcam to read the markers. 
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Appendix 2: Development of a scene for 
AR application
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What is augmented reality?

Augmented reality (AR) is sometimes referred to as mixed reality. It is a 

blending of the real world and virtual objects. Unlike virtual reality, where the 

user is immersed inside a virtual world and explores a simulated reality, AR 

lets the user see the real world and real objects and superimposes virtual objects 

or data over the top. To the user it seems that the virtual and real objects coexist. 

AR technology is a part of the emerging fi eld of tangible interfaces. These in 
turn are part of a wider body of technologies called ‘ubiquitous computing’ – 
computing technology that is so embedded in the world that it ‘disappears’.

Milgram (1994), (In Billinghurst, 2001) points out that computer interfaces 
can be placed on a continuum according to how much of the user’s world is 
generated by the computer.

Copyright © IEEE.

Moving from left to right, the amount of virtual imagery increases and the 
connection with reality weakens. 

Through the use of AR technology the printed page can become a means to 
stop students being static, passive consumers and make them active observers 
of dynamic content or participants in the animated interactive virtual 
environments.

  

Static, passive consumer Passive observer of dynamic content Active participant or observer in 
the animated interactive virtual 
environments

Copyright © IEEE.
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Development and implementation

The project was implemented in the Engineering Unit Standard course US19873 
Demonstrate Knowledge of Bearings Used in Machines and Equipment, an 8-credit 
Level 3 course offered at the Open Polytechnic. 

We set out our initial aims in providing augmented reality enhanced course 
materials as follows:

• the ability to manipulate 3-D images

• being able to view the images in context with the text 

• being able to view the images in perspective 

• having an immediate ability to view the images as they are embedded into 
the printed medium

• not needing to learn to use software 

• making the user more active rather than passive

• not needing to be connected to the internet. 
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Tag and pattern generation process continued

Run BuildAR 
software

Run Pattern 
Generator

Tools/generate 
patterns

Open – loads an image file to use a pattern for a tag.

Save the pattern file (.patt) for use in BuildAR

Is the tag 
to be embedded in 

the course
materials?

Print out a hard
copy of the pattern 

tracking.

Take a screenshot of the 
image and save it as .jpeg

Add image to the 
course materials

as a tag

No Yes
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Creating the scene for AR application

Run BuildAR 
software

Are the 3D
.ive or .osg files are loated

in the models directory
of BuildAR 

Copy the .ive or .osg 
files to the Models 

directory of the 
BuildAR software

Select NEW and save – named appropriately

Add Marker – open and select .patt file

Load an object for a marker.
Double click ‘box’ icon and select the 3D object

Manipulate the 3D object as appropriate

Save the new scene.

No

Yes
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One of the biggest problems facing distance education providers that offer 

engineering courses is the lack of contact learners have with physical artefacts 

such as tools and components, and the lack of experience they have of 

physical engineering processes. Our fi rst premise was that the identifi cation, 

assembly and disassembly of components in an engineering system can be 

better explained and demonstrated when the learner has access to a 3-D 

representation of the individual components and their positions in space. The 

adage goes that ‘A picture is worth a thousand words’. A 3-D image would 

exponentially increase that to many thousands.

This paper describes our journey of discovery as we investigate the possibilities 

of using AR technology to render 3-D objects in paper-based course materials. 

The project was supported by Todd Cochrane, a Weltec academic staff member 

who researches and teaches in this area, and Mark Billinghurst and Julian 

Looser from HITLab NZ, a human interface technology lab. Staff within 

the Information Services department and the e-Learning team at the Open 

Polytechnic also provided advice. Ian Rowe from Ako Aotearoa’s Central Hub 

provided fi nancial support. 

We established that the project would be based on fi ve principles:

1. Paper-based enhancement: The project would not require the internet to 

deliver the content but would use computing technologies to enhance the 

imaging affordances of a paper-based medium.

2. Sharing of results: All results would be shared with all interested parties. 

3. Partnership: The project was a partnership between four sectors of the Open 

Polytechnic. 

4. Communication:  Communication would be open at all times and all ideas 

or issues that any team member brought to the table would be considered.

5. Openness: All documentation would be made available for team members 

on a Moodle course page.

This working paper outlines the project and describes the processes required 
and the issues faced by the project team. This is not a detailed technical piece 
on the workings of the software used or the intricate processing within the 
computing equipment. The process is described in a ‘how-to’ document, so that 
the effect can be duplicated across courses and disciplines. 

The project team hopes that the use of augmented reality technology would 
provide a way to ‘test the waters’ for future research and development in the 
area of augmented course materials. 
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Background

The project began after casual discussion between colleagues about developing 

a project that would be cross institutional in nature, and might contribute to 

the quality of our teaching materials. Sandra Maathuis-Smith, academic staff 

member, School of Information and Social Sciences; Gary Mersham, academic 

staff member, School of Information and Social Sciences; Martin Glaeser, 

academic staff member, Applied Technology Centre, School of Workplace 

Learning and Development; and Cheryl Brown, instructional designer in what 

was then the e-Learning department, formed a team to devise a suitable project.

According to the Open Polytechnic Investment Plan for 2008–2010:

The Polytechnic focuses on the delivery of open and distance learning 

mainly through printed learning resources with freephone/email and 

increasing e-support, supplemented where appropriate with audio/

visual media and contact support. (The Open Polytechnic of New Zealand, 

2007:5)

… few Open Polytechnic learners say they would choose online-only 

delivery if it was available. Over 90% continue to express clear preferences 

for either print-based distance learning (supported by freephone and 

email access to lecturer, library and other support services) or ‘mixed 

mode’ distance learning (the print-based service plus e-support services). 

(The Open Polytechnic of New Zealand, 2007:9)

These two statements suggest that our students prefer paper-based materials 

with communication and support via electronic means. 

International evidence shows that within the open and distance learning (ODL) 

academic community, there is an emerging consensus that learner need and 

preference, not technology, should drive pedagogy and delivery. ODL will 

not be either print-based or ‘online’ but will use appropriate mixes of available 

media designed to meet different learner needs (The Open Polytechnic of New 

Zealand, 2007:9).

Many of our courses contain content which does not translate well into a 

paper-based medium – for example, plumbing valves, electrical components, 

chemicals, and so on. How can this content be delivered to the students via the 

print medium without reliance on networks or online technologies? Augmented 

reality is proposed as a solution. 
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Viewing the scene

Run AR viewer 
software

Is the web cam
connected/installed?

Connect or install 
web camera

Browse for the saved scene and open

Manoeuvre the tag or the
web cam to dynamically view content

No

Yes

Place Tags in view of camera
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Appendix 3: Defi nitions used in this project

Augmented reality (AR) (also known as mixed reality): This is a blending 
of the real and virtual worlds. Where a live video stream is captured via a 
web camera attached to a computing device and is superimposed with digital 
content.

BuildAR: Software that enables the user to create augmented reality scenes on 
a desktop. It is produced by HITLab NZ. The basic version can be downloaded 
free. We chose to use this software because it is intuitive to use, it is free, and we 
were able to get valuable support and advice from HITLab NZ staff. 

BuildAR viewer: Julian Looser of HITLab NZ (julian.looser@HITLabnz.org) 
created an application that would enable the user to view the AR content from 
the DVD or CD-Rom without having to install any fi les on their system. It also 
enabled the user to go straight to the part of the application that ‘read’ the 
targets, without having to work through the entire program.

CAD software: Computer-aided design software that enables the design of real 
or virtual objects. 

For this project we used AutoCAD because it was already in use in the 
Open Polytechnic. AutoCAD is produced by Autodesk 
(http://south-apac.autodesk.com).

File formats: The main formats referred to include:

.ive: File format that contains data that describes dimensions, variables, 
attributes and data. Can be multiple or single fi les.

.obj: A simple data format that represents 3-D geometry.

.osg: OpenSceneGraph. An open-source fi le format used for visual simulation, 
virtual reality and similar applications such as games. 

Images: We have used this term generically – to apply to all visual material 
such as graphics, fi gures, and targets; and specifi cally – to apply to the pictures 
of roller bearings and artefacts on the printed course materials, and the 3-D 
images seen on the computer screen.
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Introduction

This working paper describes a project that tested whether three-dimensional 
(3-D) images could be delivered through the paper-based medium of an Open 
Polytechnic course instruction manual.

Augmented reality (AR) is a technology which results in a blending of the real 
world with virtual objects. Unlike virtual reality, where the user is immersed 
inside a virtual world and explores a simulated reality, AR lets the user see the 
real world and real objects and superimposes virtual objects or data over the 
top. To the user it seems that the virtual and real objects coexist. 

Figure 1 shows a computer screenshot of a ball bearing (virtual object) 
superimposed over a page containing a two-dimensional (2-D) image of the ball 
bearing (a real object). 

Fig. 1  Computer screenshot of a virtual ball bearing superimposed over a real 
2-D image
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Magic mirror: The ‘magic mirror’ visualisation technique is when a display 
device (in this case a computer screen) acts as a ‘mirror’ displaying the ‘live 
feed’ from an attached webcam together with virtual objects. 

osgconv: This is a command line utility that converts 3-D models between 
different formats. It converts models into the native format used by open scene 
graph, the software library on which BuildAR is written. Files loaded into the 
.osg format will load faster than they would in their original formats. Files end 
with the extension .osg (for text-based type) or .ive (for binary type). The binary 
format takes less time and space and loads faster. Because it only holds textures, 
a single fi le only is required. For .osg fi les the textures are stored as separate 
fi les, but with the models. 

The project team found that the use of either fi le format was acceptable and 
made no difference to the user.

Pattern: The corresponding image stored in the BuildAR software to match the 
printed target in the course materials.

Targets/tag/markers: For the purposes of this project we used this term to mean 
the images embedded in the print material that can be ‘read’ by a camera-
like device (in this case a webcam). The target triggers the software to open a 
previously associated 3-D fi le and is used by the software as a reference point. 

Trigger: To activate the response from the camera-like device and the software 
that ‘reads’ the code. 



26 © The Open Polytechnic of New Zealand Working Papers (10-05)

Appendix 4: Pre-release user testing observation 
sheet

You will be observing one person as they use the augmented reality material.

Please:

• observe how they use the material and note what was easily completed and 
what caused diffi culties

• record your notes and be ready to discuss any observations you have made 
with the team.

Observer (name)   Date  

Action Observation

Reads the introduction/ 
instructions

Loads the CD-Rom

Directs the webcam to the 
correct graphic

Image appears on screen 

User manipulates the image on 
the screen 

User moves to another image

User closes software etc
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Ease of use

How many times did users ask 
you for help? Where, when, 
why, how?  

Did the user get lost in the 
material?

‘What am I meant to do now?’

Note: This could mean either 
‘Where am I meant to go?’ 
(navigational); or ‘What task should 
I try to perform next?’ (educational)

Bug reports

Additional comments
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Introducing augmented reality imaging 
into paper-based learning materials for 
engineering trade students

Abstract

How can we better represent course content (for example, engineering 
components) that does not translate well into a paper-based medium? And 
how can we deliver this content without reliance on networks or online 
technologies? 

We propose that one solution to these questions is the use of augmented reality 
(AR). This working paper describes our journey of discovery as we investigate 
the possibilities of using AR technology to render 3D objects in paper-based 
course materials. This is not a technical document of the inner workings of 
AR technology but a description of the processes required to implement AR 
technology within Open Polytechnic courses.

The project was conducted by an Open Polytechnic cross-discipline team, with 
participation from other work areas across the polytechnic. 




