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Executive summary 
The convergence of computer-based learning with ‘new learning’ pedagogies and 
powerful, portable digital devices has provoked considerable interest from the national 
education sector in digital mobile learning (‘m-learning’). 

However, the multiplicity of definitions for m-learning; the vast number of hardware 
platforms available for supporting m-learning; and the scope for divergent configurations 
and personalisation of these platforms, clearly indicates the need for systems and 
methods for facilitating the development of m-learning resources that are interoperable 
between platforms and configurations, practical, usable, and equitable in terms of access 
and opportunity. 

The investigation and documentation of standards and best practices for m-learning is one 
way that these outcomes may be facilitated. This paper presents the interim results of a 
literature review into formats for delivering and participating in mobile learning, including a 
discussion of pertinent issues surrounding various delivery and interaction formats, and is 
intended to recommend an initial set of format standards and practices for analysis and 
discussion by m-learning practitioners and support professionals. 

Because of the divergent nature of digital mobile devices, with various hardware form 
factors, functionalities, software platforms and services, researching all of the relevant 
informational and technical standards was a considerable task, encompassing over 110 
published sources.  Previous literature reviews have covered the theoretical design and 
development of m-learning strategies, but despite numerous acknowledgements of the 
lack of standards in mobile technologies facilitating m-learning (Grohmann, Hofer and 
Martin, 2005), no extant work has yet addressed the issue of m-learning standards. 

Despite the extent of work required to document standards for mobile learning, the basic 
principles of resource development for mobile devices can be summarised as follows:  

• Ensure resources are compatible with baseline (‘default’) delivery contexts, and 
minimise demands on memory, processor, and presentation. 

• Exploit the capabilities of more advanced delivery contexts to maximise quality 
and usability, through adaptive delivery or by providing alternative versions of 
resources optimised for a number of delivery contexts. 

Adherence to these basic principles should facilitate the creation of m-learning resources, 
aligned with international best-practices in mobile development. 
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1. Introduction 
Mobile learning, in general terms, incorporates within its scope a wide range of activities 
that provide learners with convenient or contextualised opportunities to access and 
engage in learning that may or may not involve use of mobile technology.  However, while 
many approaches to mobile learning capitalise on the mobility of the learner in 
combination with well-established recording and replay tools, such as books or cassette 
audio players, this paper’s scope is more narrowly focussed on the way in which digital 
tools are used to facilitate mobile learning approaches.   

A further refinement in scope is made in focussing on digital mobile devices that can be 
carried anywhere and anytime.  This precludes the investigation of laptop and even tablet 
PCs, as they are considered too heavy and large for truly ubiquitous use. 

For the purpose of differentiating mobile learning in general from the more specific 
concept of ubiquitous digital mobile learning, this document will refer to the term  
‘m-learning’ to describe activities within this narrowed focus. 

1.1 The need for m-learning standards 
The need for standards in m-learning has been well established by educators and 
education support professionals over the last few years (Grohmann, Hofer and Martin 
2005).  The E-Learning Guild’s August 2006 international survey on m-learning estimated 
that by May 2007, over 40% of training organisations will be using mobile learning, with 
the majority of this usage in tertiary institutions (E-Learning Guild 2006).  Furthermore, 
some 77% of survey respondents identified reliability as the most important feature of  
m-learning – over speed, security, flexibility and interactivity: 

 

 
Figure 1: Percentage of respondents identifying five key features as either ‘Extremely 
Important’ or ‘Very Important’ (E-Learning Guild 2006) 
 

However, the survey also found that less than seven percent of respondents reported 
belong to organisations that currently have ‘very well’ or ‘highly developed’ best practices 
for m-learning.  This shows a significant gap between the number of organisations 
implementing m-learning, and the number of organisations with established 
implementation guidelines, and demonstrates an urgent need for the establishment of 
standards and best practices in m-learning. 

While the E-Learning Guild survey’s respondents were mostly based in the USA, Australia 
has a comparable mobile device market.  Australia has historically equalled or exceeded 
the US in terms of mobile phone uptake (DCITA 2000), and has equal consumption of 
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other mobile digital technologies such as media players and personal digital assistants 
(PDAs). 

If anything, in general, the USA lags behind the rest of the industrialised world, including 
Australia, in terms of both mobile device culture and technology: Gartner market statistics 
show the Asia-Pacific region to be the global market leader (accounting for 29% of the 
global mobile phone market, compared to USA’s nine percent), with the USA lagging 
behind in such areas as PDA and Smartphone market uptake, attrition, usage and trends 
(eg the USA continuing to buy PDAs while the rest of the world moves on to adopt 
smartphones (Gartner 2006)).  Similarly to Australian and European counterparts, US 
communications and information technology (IT) companies are only just beginning to 
realise some of the technologies that have been in common use in parts of Asia for some 
years (such as 2D barcodes and even 3G mobile data, which is far more prevalent in 
Japan than in the USA or Australia). 

1.2 An activity-based methodology 
To define appropriate standards and best practices for m-learning, the first stage was to 
identify the learning activities associated with the practice of m-learning.  By doing this, a 
learner-centric standards model may be developed to support the known activities of 
teachers and learners, rather than a more generic standards model.   

For example, a generic standards model might address the provision of ‘audio’ as an 
important standard; but an activity analysis of m-learning shows that one of the primary 
activities of m-learning is the use of podcasts, which are (almost entirely) speech-based.  
This understanding of m-learning activity then necessitates the documentation of m-
learning standards that primarily support the recording and delivery of speech-based 
audio resources, rather than audio more generally.  The importance of this distinction from 
a technical implementation point of view will become more apparent when the appropriate 
format for audio is discussed later in this paper. 

1.3 Literature review 
Utilising this activity-based model of m-learning, a literature review was conducted that 
accumulated a body of knowledge of best practice using a database.  The purpose of this 
literature review was to carefully research and document best practices from educators 
and technical specialists that might inform standards and best practice in m-learning; a 
beneficial by-product of this research activity is a database of hundred of relevant 
resources that can support education professionals in designing, developing, and 
implementing m-learning that can be made available online in future. 

1.4 Peer consultation 
The purpose of the peer consultation phase is to present the findings of the literature 
review, contained in this and accompanying documentation, to m-learning practitioners, 
mobility and mobile content experts, and associated support professionals, for debate and 
refinement.  The limitations of a theoretical research approach to a very practical area 
such as teaching and learning are duly acknowledged, and the consultation phase is 
intended to complement the findings of the literature review and accompanying research 
with anecdotes and recommendations drawn from practical experience. 
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2 Literature review methodology 
The literature review phase involved first determining the relevant issues to be 
investigated, and subsequently, recording the findings and references of a comprehensive 
literature review relating to m-learning activities, resource development, technical 
standards and human use issues. 

2.1 Identification of m-learning activities 
Initially, m-learning activities were explored and identified via a learner-centric activity 
model of m-learning (Low and O'Connell 2006).  Using this model in conjunction with 
research into m-learning activities that other educators have tried, and recorded on the 
internet, a large number of m-learning activities were identified and categorised (see 
Appendix 1).  This list is comprehensive, but not exhaustive, and will certainly be updated 
in future as both mobile technology and functionality improve.  However, it does provide a 
sample of the current core applications of m-learning, and is useful as a means of deriving 
the standards required to support it. 

2.2 Analysing activities to determine criteria 
Once these activities were documented, they were tagged according to criteria such as 
the data files and formats required to support those activities, the aspects of hardware or 
software they might potentially impact on (such as memory limitations or data weight), and 
aspects of usability and user access (such as user issues with screen size or data input).  
These technical and human aspects of m-learning formed the basis of the criteria used for 
researching and recommending the standards set forth in this document. 

2.3 Researching existing standards and practices 
An extensive literature review of the derived standards criteria was performed, involving 
the recording of all publications referenced, references extracted from publications, and 
how these related to particular criteria identified as requiring development of standards.  
To facilitate efficient and effective analysis of these references, a relational database was 
used as the primary basis for recording information on m-learning and more general 
technical and human issues. 

In total, over 200 references to over 110 published sources were recorded and analysed 
in the development of the recommended standards; even so, because in many cases the 
information assessed either conflicted (for example, mobile support for JPEG and PNG 
format, between two current recommendations, both from W3C) or was incomplete (due to 
the relative newness of issues in digital mobility), the researchers were required to make 
some educated judgements on some aspects of the draft standards.  

2.4 Analysis of technology deployment 
The device capabilities of PDAs are considerably more uniform and more flexible (in terms 
of adding software, etc) than those of mobile phones.  If a PDA is missing a codec, for 
example, it is usually possible to either install the required codec to operate with existing 
media player software, or install a new player that is able to handle the required codec. 

Mobile phones, on the other hand, generally come with predetermined capabilities and 
cannot be easily user-upgraded.  While all phones do display some flexibility – for 
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example, the ability to install Symbian or Java applications – this flexibility is generally 
very limited. 

To analyse the practicality of standards and their applicability to the baseline capabilities 
of deployed mobile phones, a database of 1147 mobile phones in circulation, from 27 
brands, during March 2005 (Mobilehall 2005) was used as the basis of analysing the 
capabilities of mobile phones and their compatibility with various content, connectivity, and 
other technologies. 

The weakness of this approach is that the dataset is now over a year old (a considerable 
time in technology standards), it was compiled overseas, and there is no information on 
the popularity/penetration of each handset into the consumer market.  However, it still 
provides a reasonable starting point for the analysis of the applicability of recommended 
standards to existing mobile telephones. 

3 M-learning standards overview 
The development of m-learning standards and best practices must address issues 
affecting the creation, delivery, interoperability, and discovery of mobile learning 
resources.  In the investigation of these issues, equity and accessibility issues should also 
be given due consideration, to reduce barriers to accessing m-learning content. 

3.1 Design, development and implementation of mobile content 

3.1.1 M-learning life cycle 
Like all learning, m-learning should be educationally designed on the basis of sound 
teaching and learning theory; developed into appropriate teaching and learning activities 
supporting and supported by a sound theoretical basis; and implemented in accordance 
with standards and best practices  (Low & O'Connell 2006). 

The educational design of m-learning can be achieved using existing teaching and 
learning theory; the opportunities presented by m-learning enable a full range of 
pedagogies to be adopted by educationalists designing m-learning.  An understanding of 
the relevant formats, codecs and containers used to support learning activities becomes 
more important as learning activities are developed, and become an important issue for 
resource developers.  

3.1.2 Issues for implementation of m-learning 
Many (but not all) issues and best practices for the implementation m-learning may be 
derived from parallels with the development of computer-based training (‘e-learning’) a 
decade ago.  The display resolutions, storage, memory and processor capacities, and 
conflict of hardware and software platforms and standards during the early-to-mid 1990s 
are roughly analogous to the current state of mobile devices and technologies; 
furthermore, human issues of equity, usability and accessibility can be translated into 
issues for m-learning, eg The ‘Mobile Divide’ or ‘Mobile Immigrants/Natives’ (Low and 
O'Connell 2006).  Particular issues in both human and technical aspects surround the use 
of mobile devices for remote connectivity (eg mobile web). 

Remote access to data from mobile devices is limited by both technical and economic 
constraints.  In technical terms, the speed at which mobile devices can access networked 
data wirelessly is well below the speeds achievable using cabled network connections.  
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Economically, the cost of wireless data connectivity can be very high.  This means that 
content prepared for wireless delivery needs to be leaner than content prepared for local 
loading and playback, with implications of reduced quality. 

Recommendations on standards for delivery formats must also take into account the 
ability of created content to be exchanged with (and accessed on) a range of mobile and 
non-mobile devices and systems. 

However, it is noted that mobile learning content is not just delivered on, but may also be 
created using mobile devices (eg camera phone or PDA sound recorder (Waters 2006)).  
Although there are some formats that are well established as de-facto standards (eg 
almost all photo-capable mobile devices save images in the JPG format (Wikipedia 
2006a)), mobile devices rarely provide the user with many choices on how content is 
formatted. 

In particular, the containers and codecs employed for recording of video and audio vary 
widely between mobile digital devices, and it would be ineffectual to demand strict 
adherence to any set of recording standards for certain types of mobile media in these 
circumstances.  The particular circumstances in each case are discussed in more detail in 
the appropriate sections that follow. 

3.1.3 Analysis of mobile devices and content formats 
After wireless laptops (which are specifically excluded from the scope of this paper as they 
are not of a physical form suitable for ubiquitous mobility and access), the E-Learning 
Guild’s survey identifies iPods as the current leading platform for m-learning, with 47% of 
trainers and educators using m-learning indicating they target iPods for the delivery of 
their content. Mobile phones are the second-most popular platform, followed by wirelessly 
connected, Windows Mobile PDAs.  

 

 
Figure 2: Mobile learning devices (E-Learning Guild 2006) 
 



M-learning standards report 

Australian Flexible Learning Framework  10 

Notably absent from the survey, however, are Ultra-Mobile Personal Computers (UMPCs) 
– essentially, miniature computers sporting 7-inch screens and large hard drives of 30GB 
or more in capacity, running Windows XP Tablet Edition – with capabilities closer to those 
of desktop PCs than PDAs.  UMPCs are currently used in both Western Australia 
(Challenger TAFE) and Tasmania for facilitating mobile learning. 

With iPods the most popular mobile learning device emerging from the survey, the same 
strong preference towards the use of audio devices is supported by the survey’s findings 
on the preference for the distribution of audio media: 

 

 
Figure 3: Media types used for m-learning content (E-Learning Guild 2006) 
 

Other write-in responses gathered by the survey included the use of 3D, animations, 
Flash/Shockwave, e-learning courseware, full applications, graphic images, 
HTML/websites, multimedia, photos, and PowerPoint presentations. 

4 Standards for digital m-learning 

4.1 Client platforms 

4.1.1 Delivery platforms 
Three main varieties of digital mobile devices have been identified for targeting of digital 
m-learning: mobile phones, PDAs, and digital media players.   

4.1.1.1 Mobile phones 
Some 95% of Australians own a mobile phone – and indeed, 27% of Australians own 
more than one mobile phone (Mackay and Weidlich 2006).  This makes mobile phones a 
major potential platform for m-learning. 

4.1.1.2 PDAs 
While PDAs are considerably less widespread than mobile phones, there are situations 
where their large screens and flexible software options make them a preferred device for 
enabling digital m-learning.   

 

 



M-learning standards report 

Australian Flexible Learning Framework  11 

4.1.1.3 UMPCs and Tablet PCs 
According to the Microsoft Developer’s Network, an UMPC is ‘a fully functional computer 
running Microsoft Windows XP Tablet PC Edition. The UMPC has all the functionality of 
Microsoft Windows XP Professional with the additional pen and ink functionality of the 
Tablet PC. Future versions of the UMPC will run Windows Vista, continuing to make use 
of the Tablet PC feature set.’ (MSDN 2006).  Recommendations for UMPC baseline 
specifications are derived from the baseline UMPC specification provided by MSDN. 

4.1.1.4 Portable digital media players 
The market for portable digital media players is roughly divided into two sectors: 
inexpensive, lightweight audio-only players with low memory capacities; and high-end 
multimedia players featuring colour screens, video and photo capabilities, and large 
memory capacities. 

4.1.1.5 Recommendations for delivery platforms 
The following specifications comprise minimal configurations for testing of mobile content 
for cross-platform compatibility (default delivery contexts). 

 

 Recommendation 
W3C Mobile Web 
Default Delivery 
Context: for creating 
economical mobile web 
learning content 
suitable for mobile 
phones, PDAs, Sony 
PSPs and other web-
capable mobile 
devices. 

Usable Screen Width: 120 Pixels, minimum. 
Markup Language Support:[XHTML-Basic]. 
Character Encoding: [UTF-8] 
Image Format Support: JPEG, GIF 89a (non-
interlaced, non-transparent, non-animated). 
Maximum Total Page Weight: 20 kilobytes. 
Colours: Web safe - Red/Green/Blue components 
chosen only from the values 0, 51, 102, 153, 204, 
and 255.) 
Style Sheet Support: External [CSS] Level 1 
HTTP: [HTTP1.0] or more recent [HTTP1.1]. 

Baseline Mobile 
Phone Delivery 
Specification 

GSM 900/1800 
Display Width: 128 pixels 
32MB Memory 
1.3 Megapixel Camera  
MP3 and 3GP support 
Java 2 Mobile Edition 
WAP 2.0 browser 
SMS and MMS messaging capability 

Baseline PDA 
Delivery Specification 

Microsoft Windows Mobile 2003 Second Edition or 
PalmOS 5 
1.3 Megapixel Camera 
Processor: 312 MHz 
ROM: 64 MB 
RAM: 64 MB 
Display Resolution: QVGA (240x320 pixels), 16-bit 
colour 

Baseline UMPC 
Delivery Specification 

Display Size: 7’ Maximum 
Display Resolution: 800x480, Landscape 
Intel or VIA X86 processor, approx 900MHz 
RAM: 256MB 
Storage Memory: 30GB 
Windows XP Tablet Edition 2005 
Provide for multiple input methods (May or may 
not have any of the following: keyboard, touch 
screen, stylus, hardware buttons). 
Battery Life: 2.5 hours 
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Baseline Media Player 
Specifications 

Lightweight Audio Players 
512MB Memory 
MP3 and AAC playback capability 
Basic ID3 tag display capability 
 
Multimedia Players 
20GB Memory 
JPEG support 
MP3 and AAC playback capability 
Display Resolution: QVGA (240x320 pixels), 16-bit 
colour 

 

4.1.2 Removable storage memory formats 
A number of flash memory card formats are currently in commercial use, enabling the 
expansion of internal storage capabilities in mobile devices as well as the exchange of 
information between compatible mobile devices.  Leading Flash memory formats currently 
include: 

• MultiMedia Card (MMC) 

• Secure Digital (SD) Card family, including MiniSD and TransFlash 

• Sony MemoryStick family, including MemoryStickDuo 

• xD Card 

• CompactFlash. 

The potential storage capacities and prices of all of these formats are roughly equivalent, 
commonly allowing 2-4 GB of external storage, and as much as 16GB.  However, the lack 
of cross-compatibility of most memory card formats can, however, reduce the deployment 
and exchange of memory cards.  Furthermore, the size of some full-size memory cards 
can make them unsuitable for use in mobile devices where designers actively aim to 
reduce all dimensions of those devices – particularly mobile phones. 

4.1.2.1 Reduced-size memory formats 
To reduce the dimensions of digital devices, four reduced-size memory card formats are 
currently widely implemented in mobile phones and many smartphones: 

• Mini-SD 

• Micro-SD (Transflash) 

• Sony MemoryStick Duo 

• Reduced Size MultiMedia Card (RS-MMC). 

These formats generally sacrifice the increased potential memory capacities available in 
larger flash memory cards for reduced size and portability more suited to the smaller 
physical size of mobile phones. 

• Sony MemoryStick Duo cards operate only in Sony-based mobile phones, but 
can be adapted to also be read in other Sony products. 

• RS-MMC cards can be adapted to be read in MMC and full-size SD Card 
readers and products. 

• Micro-SD cards can be adapted to be read in Mini-SD and full-Size SD Card 
readers and products. 
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• Mini-SD cards can be adapted to be read in full-size SD Card readers and 
products. 

 Recommendations for removable storage 
The small size, adaptability and security of SD Cards, and their use across a number of 
brands and platforms, makes the SD Card family a good choice for storing and 
exchanging data using external memory formats. 

 

 Recommendation 
Store and exchange 
data using external 
memory  

SD Card family: SD Card, Mini-SD, and Micro-SD 
(Transflash) 

 

4.2 Mobile content development 

4.2.1 Mobile audio 
Mobile audio is identified as the most commonly currently utilised medium for delivery of 
m-learning.  Audio is also the most pervasive of all of the media, and can be readily 
deployed to personal digital media devices, such as iPods, PDAs, and even mobile 
phones.  In fact, every one of the 16 devices listed in the E-Learning Guild’s survey of 
mobile devices supports some form of digital audio playback (E-Learning Guild 2006) – 
even the Sony Reader (designed and marketed as an textual e-book reader) can play 
both MPEG-1 Layer 3 (MP3) and Advanced Audio Codec (AAC) files (Sony 2006c). 

4.2.1.1 Natural and synthetic audio 
Audio file formats can be classified into natural audio (formats that support playback of 
sounds originally captured by a recording device eg MP3, WMA, WAV) and synthetic 
audio (where the sound is created from a synthesiser eg MIDI or Text-To-Speech (TTS)) 
(Seppanen 2004). 

 

 Bandwidth Resource 
use 

Representation Play 
control 

Natural 
audio 

20-200kbps Medium Signal-based Limited 
(play/stop) 

Synthetic 
audio 

1-10kbps Medium Event-based Advanced 

Figure 4: Comparison of natural and synthetic audio (Seppanen 2004) 
 

Synthetic audio is quite a niche area and no standards can be recommended for enabling 
its use, apart from noting the widespread and long-established use of MIDI, and the 
adoption of SP-MIDI and Mobile XMF as the chosen mobile synthetic audio codecs in the 
3GPP standard for mobile phones (Seppanen 2004).   

Text-to-speech, and accessibility considerations in general, are relatively rare in terms of 
mobile software implementations. While there are a handful of software products that 
enable text-to-speech capabilities on mobile devices including PDAs and iPods (an asset 



M-learning standards report 

Australian Flexible Learning Framework  14 

for improving the accessibility of mobile learning resources), the systems for enabling text-
to-speech functionality relate more closely to choice of hardware and software than any 
particular text-to-speech standards. 

4.2.1.2 Resolution 
To store natural audio, the original analogue sound must be sampled into a digital form.  
The more samples, the more detailed and accurate the digital copy.  The resolution of 
digital audio is measured in bit depth, sample rate, and channels (eg 16-bit, 44.1KHz, 
Stereo).   

The bit depth governs the accuracy of the sample and is analogous with the colour depth 
of a video display,16-bit digital audio translates to 65536 different values. 

The sampling rate is measure in samples-per-second in Hertz (Hz) or kilohertz (KHz), 
and governs the maximum sound frequency, or pitch, that the digital audio can contain.  
The sample rate must be at least double the frequency of the range of sound to be 
reproduced, so to reproduce the full range of human hearing (20Hz – 20KHz), a sampling 
rate of at least 44.1 KHz is required.  A sampling rate of 22KHz can only store frequencies 
up to 10KHz (Sony 2006a), but may be adequate for applications where an exact sound 
reproduction is not essential eg speech. 

There are some known issues with the handling of audio resolution in Flash files.  The 
Flash SWF format is only compatible with 5500, 11025, 22050 and 44100Hz MP3 files; if 
an audio file with a different sampling rate is imported into Flash, the published file will 
contain audio that plays very quickly at a heightened pitch, a phenomenon known as 
‘chipmunking’ (Adobe 2003). 

The third component of audio resolution is the number of channels.  A stereo sound 
contains two distinct channels, each one carrying different information to reproduce a 
distinct sound; a 5.1 audio stream contains six audio channels altogether.  The greater the 
number of channels, the more information required to reproduce a sound and the larger 
the file.  A speech file may only require one channel (mono) to accurately record or 
convey informational content. 

4.2.1.3 Compression 
Uncompressed sound files take up a lot of data storage space.  To reduce the storage 
requirements (data ‘weight’) of a sound file, digital audio is usually compressed, 
particularly for mobile uses.   

The compression of a sound file involves encoding it with a compression algorithm.  To 
read it on a delivery device, the device must support the same compresser/decompressor 
(codec) algorithm to decode the compressed file. 

In the process of encoding a file, some algorithms preserve all of the sound information 
and are known as ‘lossless’ codecs.  Other algorithms discard information about a sound; 
such codecs are known as ‘lossy’ codecs, and are designed to be able to still sound 
almost identical to their source files, despite saving considerable data storage space 
(Sony 2006a). When a compressed file sounds almost identical to its original version, it is 
said to be ‘transparent’. 

The most common method of specifying how much a sound file is compressed is by 
specifying the ‘bit rate’ of the compressed file.  A higher bit-rate will improve the sound 
quality, but will increase the size of the audio file (Sony 2006a).  Some codecs are more 
efficient than others and can provide better sound quality than others despite using a 
lower bit rate.  Additionally, to save further data weight, some codecs have the ability to 
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change how many bits are used for different parts of a sound file, depending on the 
complexity of sound at a given time; these codecs are known as Variable Bit Rate, or VBR 
sound files.  While VBR files are more efficient, VBR is not fully supported by all devices 
or protocols (BVT 2003). 

4.2.1.4 Compressed audio codecs 
The most common natural audio formats in mobile devices are MPEG-1 Audio Layer 3 
(MP3), Windows Media Audio (WMA), WAV, Advanced Audio Codec (AAC), and Adaptive 
Multi-Rate (AMR), which are compared in the following table: 

 

 Good For… Not Good 
For… 

Transparency Other Info 

MP3 Compatibility: 
mp3 most 
widely used 
codec (Sony 
2006a) 
(Bourne & 
Hung 2005), 
suitable for 
music and 
speech. 

Quality at low 
bit rates; 
quality to data 
weight ratio; 
not supported 
by 3GP or 
3GPP mobile 
phone 
standards 

Approx. 192kbps, 
sampled at 
44100Hz 
(HydrogenAudio 
2001) 

The LAME mp3 
codec is royalty-
free and 
produces the 
best quality 
results (Sony 
2006a). 

WMA Quality to data 
weight ratio is 
better than that 
of mp3 

DRM handling 
is clumsy and 
frustrating; 
proprietary 
and poorly 
supported by 
mobile devices 
in general 

Approx 160kbps, 
sampled at 
44,100Hz 

 

AAC/ 
MP4/ 
M4A 

Quality to data 
weight ratio; 
Used in 3GP 
and 3GPP 
standards for 
mobile phones, 
as well as 
Sony PSPs 
and Apple 
iPods.  
Enhanced High 
Efficiency 
profile 
(eAAC+) can 
produce quality 
of MP3 in half 
the space 
(48kbps vs 
128kbps). 
(Sony 2006a) 

Not as widely 
implemented 
as MP3. 

Approx 128kbps, 
sampled at 
44,100Hz 

Must be placed 
in an IsoMedia 
container 
(MP4/M4A) 
Apple, Coding 
Technologies, 
and Nero codec 
implementations 
are 
recommended 
(Sony 2006a). 

AMR Records 
human speech 
well with 
extremely low 
data weight;  
Used in 3GP 
and 3GPP 
standards for 
mobile phones. 
Narrow band 

Anything else 
except human 
speech 
sounds terrible 
if recorded in 
AMR 
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profile (NB) 
provides basic 
speech quality 
at 4-12kbps. 
(Sony 2006a) 

Figure 5: Comparison of compressed audio codecs 
 

4.2.1.5 Recommended audio specifications for local playback 

 Recommendation 
Music/Sound  

Transparent quality 
(eg music industry 
students) 

LC-AAC / MP3 
160kbps / 192kbps 
44.1kHz 
Stereo 

Standard quality LC-AAC or MP3 
128kbps 
44.1kHz 
Stereo 

Portability LC-AAC or MP3 
48-96kbps 
44.1kHz 
Stereo 

Speech  

Flash-compatible 
speech 

MP3 
48-96kbps 
22050Hz or 44.1kHz 
Mono 

High quality/A2DP LC-AAC 
32-48kbps 
44.1kHz 
Mono 

Portability AMR-WB 
16-24kbps 
16kHz 
Mono 

Figure 6: Recommended specifications for mobile video for local playback (adapted from 
Sony 2006, BAV 2003, RealNetworks 2003, and Adobe 2003) 
 

4.2.1.6 Recommended audio specifications for wireless/streaming access 

 Recommendation 
Music/sound LC-AAC or MP3 

32-96kbps 
44.1kHz 
Stereo 

Speech LC-AAC 
8-32 kbps 
44.1kHz 
Mono 

Figure 7: Recommended specifications for mobile video for wireless/streaming access 
(adapted from Sony 2006, BAV 2003, RealNetworks 2003, and Adobe 2003) 
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4.2.1.7 Further recommendations 
It is further recommended that existing standards for quality e-learning resources be 
reviewed to consider the addition of the AAC format for audio encoding of web-based 
resources. 

4.2.1.8 Mobile audio: additional considerations 
The use of Variable Bit Rate (VBR) encoding can assist in further reducing file size or 
increasing quality; however, it should be noted that VBR may be unreadable by certain 
mobile platforms, including older Apple iPods (Tempus Fugit 2005), so use of Constant Bit 
Rate (CBR) encoding is recommended for improving compatibility. 

Mobile devices have limited amplification power, so it is advisable to enhance the file’s 
volume and range using the technique of peak normalisation. 

Most compressed digital audio formats allow metadata (ID, ID3 or ID3v2 ‘tags’) to be 
included with the audio.  Many digital audio devices can both read and display this 
metadata information, making it easier for learners to navigate and locate content.  It is 
recommended that the associated file metadata for each audio file be properly with at 
least the following minimal data: 

• Title 

• Artist (Author) 

• Album (Collection) 

• If Album is not void, then also Track. 

4.2.2 Mobile video 
Digital video generally consists of two major elements: a digital video track, with a 
synchronised, accompanying digital audio track.  These components of the video are 
known as data streams.  Additional or alternate data streams can be present in a video 
file; the various data streams are multiplexed, or ‘muxed’ together to present all of the 
content in a single file (Sony 2006b). 

4.2.2.1 Resolution 
The resolution of audio streams contained in a digital multimedia video file are governed 
by the same factors affecting stand alone audio files, and are described in section 4.2.1.2 
above.  

The resolution of the video screen is determined by its visual resolution – the number of 
pixels that are used to render each frame, measured as width x height; and its temporal 
resolution – how many frames are displayed each second (fps).  The greater the visual 
resolution, the more detailed the picture; the greater the temporal resolution, the smoother 
the motion in the video. 

Twenty-four (24) fps is the minimum frame-rate required to produce motion that appears 
perfectly fluid to the human eye. 

4.2.2.2 Compression 
Each data stream within a video file can be independently compressed, such that the 
amount of compression of the visual stream may be different to that used for the audio 
stream (for example).  As with audio compression, video compression is usually lossy. 
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Compression codecs often have sub-features that modify their performance, resulting in a 
large number of codec variants.  However, it should be noted that some playback 
hardware and software does not support certain codecs or sub-features of codecs.  If an 
encoded data stream cannot be properly decoded because the rendering platforms does 
not understand it, it may ignore the extensions encountered, or even not render at all. 

To identify and manage the various codecs and variants, most employ distinguishing 
names and variants that describe extensions and enable the identification of which 
features and parameters can be used in an applicable context.   

For example, MPEG-4 video can be encoded using Simple or Advanced Simple profiles in 
levels 0 to 5, and other video codecs include MPEG-1 and MPEG-2.  MPEG-4 has many 
implementations and extensions – for example, WMV9, H.264, DivX, XVid, and so on 
(Sony 2006b). 

4.2.2.3 Containers 
The separate data streams are usually multiplexed (‘muxed’) into a single file by 
embedding them in what is known as a container file.  Examples of container file formats 
include Audio Video Interleave (AVI), MPEG, and MPEG-4 (which is a standard that 
defines video compression codecs as well as a container format – this can be a little 
confusing). 

4.2.2.4 Recommended video specifications for local playback 
Many mobile devices only support particular codecs, implementations or extensions.  The 
following recommendations are intended only as a guide, and may vary considerably if 
particular platforms or contexts are targeted.  However, adhering to this guide should 
provide the best possible results for the creation of digital mobile content in general. 

 

 Recommendation 
Basic video H.263 Baseline/MPEG-4 Part 2 (if targeting .3gp 

container) 
MPEG-4 Visual Simple, Level 0 (for MP4/M4V/AVI 
containers) 

Video resolution 176x144 

Frame rate (fps) <=15 

Bit rate (kbps) <=64 

Optimal video H.263 Baseline/MPEG-4 Part 2 (if targeting .3gp 
container) 
XviD MPEG-4 Visual Simple, Mod Level 2-3 (for 
MP4/M4V/AVI containers) 
H.264 must be used for delivery on Sony PSPs 
and may be used for Apple Video iPods 

Video resolution 176x144 – 320x2401.  Video specifically designed 
for use only on Video iPods may use a resolution 
up to 640x480. 

Frame rate (fps) 20-25. Frame rate for mobile devices should never 
exceed 30 fps.  

Bit rate (kbps) 140-300 

Basic audio LC-AAC (with MP4 /3GP for mobiles, iPods and 
PSPs) 
MP3 (with AVI container for PDAs) 

Channels 2 (Stereo) 

                                                      
1 A number of popular mobile platforms do not support playback of videos exceeding this size, including many mobile 

phones. 
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Sample rate (KHz) 44.1 / 48 

Bit rate (kbps) 64 

Optimal audio Apple/Nero LC-AAC 

Channels 2 (Stereo) 

Sample rate (KHz) 44.1 / 48 

Bit rate (kbps) 96 

Container(s) MP4 (M4V) for iPods, Sony mobiles/PSPs, and 
other mobiles 
3GP for mobiles, PDAs (3rd party software 
required) 
AVI for PDAs 

Figure 8: Recommended specifications for mobile video for local playback (Adapted from 
Sony 2006b, RealNetworks 2003 and BAV 2003) 
 

4.2.2.5 Recommended video specifications for wireless/streaming access 

 Recommendation 
Basic video H.263 Baseline/MPEG-4 Part 2 (if targeting .3gp 

container) 
MPEG-4 Visual Simple, Level 0 (for MP4/M4V/AVI 
containers) 

Video resolution 176x144 

Frame rate (fps) 5-15 

Bit rate (kbps) 10-38 kbps 

Optimal video H.263 Baseline/MPEG-4 Part 2 (if targeting .3gp 
container) 
XviD MPEG-4 Visual Simple, Mod Level 2-3 (for 
MP4/M4V/AVI containers) 

Video resolution 176x144 – 320x2402.  

Frame rate (fps) 5-6 fps  

Bit rate (kbps) 38-50 kbps 

Basic audio LC-AAC (with MP4 /3GP container for mobiles) 
MP3 (with AVI container for PDAs) 

Channels 2 (Stereo) 

Sample rate (KHz) 44.1 

Bit rate (kbps) 8-16 kbps 

Optimal audio Apple/Nero LC-AAC 

Channels 2 (Stereo) 

Sample rate (KHz) 44.1 

Bit rate (kbps) 16-32 kbps 

Container(s) MP4 (M4V) for Sony and other mobiles 
3GP for mobiles, PDAs (3rd party software 
required) 
AVI for PDAs 

Figure 9: Recommended specifications for mobile video for wireless/streaming access 
(Adapted from Sony 2006b, RealNetworks 2003 and BAV 2003) 

                                                      
2 A number of popular mobile platforms do not support playback of videos exceeding this size, including many mobile 

phones. 
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4.2.2.6 Mobile video: additional considerations 
Some practitioners have advised the use of free, easy-to-use Windows-based tools for 
creating videos and video slideshows, such as Windows Movie Maker and Microsoft 
Photo Story 3.  These programs enable the creation of mobile content for a number of 
applications, but only export in Windows Media Video (WMV) format.  WMV is a 
proprietary standard and will not play in most non-Windows environments; if platform 
interoperability is desirable, WMV videos can, however, be easily converted to other video 
formats such as those described above. 

4.2.3 Mobile web 
Approximately 80% of mobile phones in 2005 had internet connectivity, with basic GPRS 
being the most commonly available access technology. (Chen and Duylan 2005). 

Standards for content that is intended to be delivered using web browsers installed on 
mobile devices are comprehensively advised by the activities of the W3C Mobile Web 
Initiative (MWI), a collaboration of industry and technology experts that is hoped to 
‘improve web content production and access for mobile users and the greater web.’ (W3C 
and Berners-Lee 2005). 

4.2.3.1 Relevant external standards 
Two main ‘in-progress’ publications of the MWI directly advise aspects of standards and 
best practices in m-learning content development: 

• Mobile Web Best Practices 1.0 (W3C 2006a), elevated to the status of W3C 
Candidate Recommendation on 27 June 2006, which specifies standards and 
best practices for delivery of mobile web-based content. 

• W3C mobileOK Scheme 1.0 (W3C 2006b), still at the status of Working Draft at 
the date of circulation of this document (October 2006).  According to the draft 
document, ‘mobileOK defines machine-readable content labels which may be 
applied to content to indicate that the content and its delivery pass a suite of 
tests based on the Mobile Web Best Practices document.’   

In addition, a W3C development wiki has been set up to gather best practice techniques 
on the full range of development technologies for the mobile web (W3C 2006c).  This, 
together with the mobileOK Scheme, will eventually be completely absorbed into the 
Techniques and Conformance sections of the Mobile Web Best Practices 1.0 document 
(refer to W3C 2006a at Section 2). 

4.2.3.2 Handling of conflicts in external standards 
Unfortunately, there are some direct and material conflicts/contradictions between the 
developing Mobile Web Best Practices 1.0 and draft W3C mobileOK Scheme 1.0. 

For example, whereas the Mobile Web Best Practices 1.0 specifies that images delivered 
via the mobile web must be in either JPEG or GIF format, mobileOK Scheme validation 
automatically fails if a MIME-type of any web page or linked file is not specified as 
XHTML, JPEG or PNG. 

Since the mobileOK Scheme is at an earlier stage of drafting, and is supposed to be 
based on the Mobile Web Best Practices document, for the purpose of these 
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recommendations the Mobile Web Best Practices document has been given priority in all 
cases of contradiction or conflict. 

4.2.3.3 Recommended standards for mobile web 
The following baseline recommendations are based on W3C’s ‘Default Delivery Context’ 
for mobile web devices (W3C 2006a).  Under the recommendations of the Default Delivery 
Context, content for the mobile web may exceed these recommendations if content has 
been designed to adapt to higher-specified devices; however, if content is statically 
generated, it should be suitable for delivery in the default delivery context. 

 

 Recommendation 
Author text and 
format web pages 

 

Web text XHTML 1.0 Basic Profile (W3C 2006a) 
WML 1.0 

Character encoding UTF-8 

Format web pages External CSS Level 1(W3C 2006a) 
Link external CSS with LINK not @import 

Colours 256 colour, Web Safe palette (W3C 2006a) 

Maximum total page 
weight 

20 kilobytes (W3C 2006a) 
10 kilobytes is a ‘usable’ page weight (W3C 2000a 
s.5.3.2.3) 

Transport protocol HTTP/1.0  or HTTP/1.1 (W3C 2006a) 

Embed images in web 
pages 

 

Images (photographic) JPEG, non-progressive 
Specify image size (both width and height) in 
mobile web page markup (W3C 2006a) 

Images (graphic) GIF 89a, 256 colour web-safe palette, non-
interlaced, non-transparent, non-animated 
Specify image size (both width and height) in 
mobile web page markup (W3C 2006a) 

Layout  
Usable screen width Phones: 120 px (W3C 2006a) – 320 px 

PDAs: 240 px – 640 px 
 

If an adaptation process is used, then information that is known about the Delivery Context 
should … be used to vary the delivered content to make it more suitable for that Delivery 
Context or to provide an enhanced user experience. (W3C 2006a) 

4.2.3.4 Other considerations 
The recommendations set out in W3C’s Mobile Web Best Practices 1.0 are quite lengthy 
and will not be repeated here. Suffice it to say that they mandate support for the default 
delivery content provided above, while encouraging the use of adaptive methods to allow 
content developers to take full advantage of the capabilities of any given delivery platform. 
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4.2.4 Still images 

4.2.4.1 Mobile photography 
The most commonly sold device used for photography is now the camera phone.   

Sales of camera-enabled cell phones reached more than 220 million units in 2004, and we 
estimate 2005 sales of nearly 500 million units, dwarfing all other types of image capture 
devices (MIS 2006) 

 

The efficient (though lossy) compression of the JPEG format for storing files, and the 
relatively low storage memories in camera phones until this year, means that the 
predominant image format for storing photographic images on mobile phones is JPEG.  
Fortunately, JPEG is also widely regarded as the standard for web photographic images, 
is compatible with almost all mobile image viewing devices, including PDAs, mobile 
phones, compatible iPods, and other media players, and is also compatible with the W3C 
Mobile Web Best Practice Guidelines 1.0. 

4.2.4.2 Creating graphics 
As per section 3.7 of W3C Mobile Web Best Practices 1.0, the well-established GIF89a 
format is recommended to provide the most interoperable flat-colour graphics, diagrams 
and illustrations for mobile applications. 

4.2.4.3 Recommended standards for images 
 

 Recommendation 
Photographic images JPEG 

Specify image size (both width and height) in 
mobile web page markup (W3C 2006a) 

Graphics GIF 89a (non-interlaced, non-transparent, non-
animated). 

 

4.2.5 Document publication 
Creation of documents for viewing on mobile devices should consider the limitations of 
mobile devices, particularly in terms of screen size. 
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Almost all PDAs and Smartphones have the ability to view documents created in Microsoft 
Word; all other devices in these categories have the ability to read, but not edit, Microsoft 
Word documents, and the ability to view Word documents is increasingly common in 
mobile phones.  Unfortunately, cross-platform support for other file formats, including RTF, 
is not known at this time due to insufficient data.   

Furthermore, almost all PDAs and Smartphones have the ability to read Adobe PDF 
documents, either natively or through the installation of free software.  However, it should 
be noted that PDF documents that have been created using an optical scanning,  
non-OCR (Optical Character Recognition) process may be stored as, effectively, large 
image files.  PDFs for mobile delivery should therefore be created from an electronic 
source as tagged text.   

To ensure appropriate presentation of read-only documents in PDF, essential fonts should 
be embedded within the PDF document. 

4.2.5.1 Recommendations for document publication 
Note: it is not recommended that documents be created for ‘strict’ layout to display on 
mobile devices.  Rather, documents for delivery on mobile devices should be designed to 
flow, or adapt, to the screen size and capabilities of the delivery platform. XHTML should 
be considered the default document format, unless there is a specific reason for using one 
of these alternatives. 

 

 Recommendation 
E-books/formatted 
data for read-only 
display 

Adobe PDF 
Tagged, rather than absolute, text 
Embedded fonts 

Formatted data for 
user manipulation 

Microsoft Word (DOC) 
Standard system fonts only 

 

4.2.6 Interactive media 

4.2.6.1 Flash Lite 
Flash Lite was originally developed by Macromedia (now Adobe) in 2003 to run Flash 
based rich content on the latest generation of mobile devices. There are two main 
implementations used by Flash Lite enabled devices, stand-alone and browser-based.  

The first is the ‘stand-alone’ model, meaning that Flash Lite exists as a separate media 
application. This is more suitable for larger applications and games due to greater access 
to processor power (Sony 2006d).  Most mobile devices require vendor installation to 
provide stand-alone Flash player capability; however, PDAs and smartphones using the 
Windows Mobile 5 operating system may install the latest Flash Lite player (version 2.0) 
which will also enable stand-along player capability on those devices. 

The second implementation is the ‘browser-based’ model, where Flash Lite runs as a ‘plug 
in’ within the mobile web browser. This is better suited to simple web content, games or 
animations, as it exhibits slower frame rate and [poorer] screen quality when compared to 
the stand-alone version (Sony 2006d).  Note that W3C mobile web best practices will fail a 
mobile web page that delivers any embedded object, including a Flash file, to a device 
that does not support it. 
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4.2.6.2 Java 
A 2004-2005 study of mobile phone capabilities found that some 85% of mobile phones 
planned for release during the second half of 2004 onwards would be capable of using 
Java 2.0 Mobile Edition (J2ME) applications (Chen and Duylan 2005). 

While corporate tensions between IT giants Microsoft and Sun has resulted in a lack of 
native Java support in Microsoft Windows Mobile devices, Java should still be considered 
as a viable development platform for both PDAs and mobile phones, as capable third-
party Java run-time environments may be installed on most Microsoft-based PDAs. 

4.2.6.3 Recommended standards for interactivity 
 

 Recommendation 
Web/embedded 
interactive content 

Flash Lite 1.2/2.0, Frame Rate <=12fps 
Provide non-Flash alternative to devices that do 
not support it 

Stand-alone 
application 
development for 
mobile devices 

Java 2 Mobile Edition (J2ME) 

 

4.2.6.4 Emerging technologies 
AJAX: Mobile web browsers that are capable of interpreting (X)HTML, CSS, and 
JavaScript, and capable of communicating with servers using the XMLHttpRequest 
function, are able to combine these technologies and provide users with interactive web 
pages – a combination popularly referred to as AJAX (Opera 2005).   

• A number of mobile phone, smartphone and PDA mobile web browsers feature 
built-in support for AJAX; furthermore, the Opera Mobile browser is available for 
free download to any mobile phone supporting J2ME (Opera 2005).   

• Continuing development is occurring in this technology. It should be reviewed for 
recommendation as an m-learning standard in late 2007-2008. 

• Handling of embedded scripts is supported in some mobile phones and PDAs.  
However, note that W3C mobile web best practices will fail a mobile web page 
that delivers any script to a device that does not support it. 

4.3 Mobile content support 

4.3.1 Accessibility 
Accessibility guidelines for the mobile web are addressed by the W3C Mobile Web Best 
Practices guidelines.  They stipulate that while resources may be made to adapt so as to 
take best advantage of the capabilities of a particular device or platform, whatever method 
is used should not diminish the accessibility of the content (W3C 2006a, s.3.3). 
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4.3.1.1 Recommendations for accessibility 
 

 Recommendation 
Accessibility 
guidelines for mobile 
web delivery 

W3C Web Content Accessibility Guidelines 1.0 
Special information on mobile web accessibility is 
also available in W3C Mobile Web Best Practice 
Guidelines 1.0 

 

4.3.1.2 Emerging standards 
WCAG 2.0: The W3C Mobile Web Best Practices 1.0 currently reference the W3C Web 
Content Accessibility Guidelines (WCAG) v.1.0 (W3C 1999).  Version 2 of the WCAG is 
currently under review with the status of Working Draft; once the new specification is 
passed as a Recommendation, it is anticipated that subsequent revisions of Mobile Web 
Best Practices will reference the revised accessibility standard.  

4.3.2 Content packaging 
A number of Australian and international projects have been investigating the deployment 
of learning objects on mobile devices.  In particular, the Australian Flexible Learning 
Framework (Framework)3 QTI m-Player has had some success in the packaging and 
deployment of questions and tests conforming with IMS Question and Test Interoperability 
(IMS QTI) specifications. 

However, neither IMS QTI nor the SCORM standards (1.2 or 2004) provide data 
specifically on how content should be delivered on wireless or mobile devices (MacKenzie 
2004).  The application of these content packaging standards is therefore specifically 
related only to the generic content packaging of learning objects, and not to packaging of 
content for mobile contests. 

4.3.2.1 Recommendations 
As SCORM and IMS QTI provide interoperability across learning systems, continuing 
adherence to the standards for content packaging set out in SCORM and IMS guidelines 
is recommended. 

 Recommendation 
Package online 
learning resources so 
that they are portable 
between different 
learning management 
systems.  

Sharable Content Object Reference Model 
(SCORM) 1.2. (ADLCP-PIF1), 
www.adlnet.org/scorm/history/12/index.cfm  
 
IMS Content Packaging specification. 
www.imsglobal.org/content/packaging/index.html 

Package questions 
and tests for pocket 
PC/PDA delivery 

IMS Question and Test Interoperability (QTI) 2.0 
http://www.imsglobal.org/question/index.html 
 
QTI m-Player: http://qti.flexiblelearning.net.au/ 
 

 

                                                      
3 The Australian Flexible Learning Framework (Framework) provides the VET system with  
e-learning skills, professional development, resources and support networks to strengthen 
the skills base of Australia 
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4.3.2.2 Emerging standards 
It is recommended that future work of the W3C Device Independence Working Group be 
monitored for potential impact on content packaging and description of learning objects 
and materials. 

In addition, the emergence, stability, and increasing uptake of the SCORM 2004 standard 
for content packaging has been noted (MacKenzie 2004).  It is recommended that a 
transition to SCORM 2004 be implemented in conjunction with any future efforts by 
national learning object repositories to the SCORM 2004 standard. 

4.3.3 Metadata 
W3C is currently investigating a metadata standard for mobile content that involves an 
integrated approach to tagging content, identifying the software and hardware capabilities 
of the user’s mobile device, and identifying the user’s context.  

Developing web content for mobile devices is more challenging than developing for the 
desktop web. Compared to desktop Web clients, mobile web devices come in a much wider 
range of shapes, sizes and capabilities. The mobile web developer relies upon accurate 
device descriptions in order to dynamically adapt content to suit the client. (W3C 2006d) 

The outcomes of W3C’s investigation will directly impact on the metadata requirements for 
mobile learning.  Until W3C published a draft of their proposed metadata framework, no 
formal recommendation can be made with regard to mobile learning content, learner, or 
device metadata.  However, some speculative data is available. 

4.3.3.1 Speculative analysis of W3C position 
The following framework is informed by a speculative analysis of existing W3C Mobile 
Web Initiative activities and publications, as well as the work of the W3C Device 
Independence Workgroup. 

The W3C metadata system for the mobile web appears to be heading for a three-part 
model or ‘ecosystem’.  The model includes  

• A ‘Device Description Repository,’ utilising a system of metadata for describing the 
capabilities of all software and hardware environments for mobile web devices.  
The specifications for each device may include(W3C 2006d Section 3.3.3): 

o screen dimensions 
o supported and preferred markup 
o supported and preferred image formats 
o size limitations (memory, other) 
o colour support 
o other browser features 
o non-markup object support 

• A metadata system for describing mobile web content. 
• A metadata system for describing the user and their context, known as the 

‘delivery context‘. 
According to W3C’s Device Independence Workgroup, having information about all three 
of these aspects of delivery will enable the most effective device adaptation of content. 
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4.3.3.2 Recommendations for describing mobile learning objects 

 Recommendation 
Describe the 
characteristics of the 
resource, using a 
metadata application 
profile. 

Vetadata v1.0 
http://e-standards.flexiblelearning.net.au/vetadata/  

 

4.3.3.3 Device independence considerations for Vetadata 

4.3.3.3.1 Recommendations for content description 
 

 Recommendation 
Content This report outlines three potential methods for 

flagging content developed specifically for mobile 
learning. These methods should be debated in the 
context of the Vetadata application profile and its 
use in the VET system. 
 
Option 1: Keyword term 
Cataloguers could be instructed to enter a 
standard keyword term such as ‘mobile learning 
object’ 
Advantages: Requires no modification of 
Vetadata 
Disadvantages: Difficult to enforce, keywords are 
free-text elements meaning that standardisation 
would be an issue 
 
Option 2: New term added to the Educational 
Use Scheme 
An additional term could be added to the 
Educational Use Scheme term.  
Advantages: Simple to implement, controlled 
vocabulary. No modifications to existing tools 
should be required 
Disadvantages: Requires addition to the 
educational use scheme  
 
Option 3: 
Technical.OtherPlatformRequirements element 
The IEEE LOM 
Technical.OtherPlatformRequirements element 
could be added to the Vetadata application profile 
and used to specify that the object is designed to 
be played on a mobile device. 
Advantages: Logical place to specify platform 
requirements in the LOM standard 
Disadvantages: Requires additional element to be 
added to the Vetadata application profile. This 
option should also specify a standard term for 
users of this element. 
 
This report recommends implementation of 
option 2 
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Display 
Size limitations 
(memory/other) 
Colour support 

Could be derived from system data/file data 
embedded in object, making description in object 
metadata redundant. 
Technical.Requirement and 
Technical.OtherPlatformRequirements can be 
used to specify limitations or requirements of the 
delivery environment, but may require 
implementation of a partially controlled vocabulary 
to enable interoperability. 

Markup 
Images 
Non-markup objects 

Technical.Format provides MIME types included 
in resource, and may be used to address these 
metadata discovery requirements.  Note the 
accepted default delivery context MIME types in 
W3C Mobile Web Best Practices.  File type 
information may be used to derive delivery 
platform suitability using adaptive systems on 
content servers, rather than hard-coding delivery 
platform data into Metadata (which may become 
quickly outdated). 

Other supported 
features 

Consider describing how the content may support 
advanced mobile device functions, such as the use 
of mobile phone keypad or context keys or 
integration with other native platform capabilities.  
May require a new Vetadata field, e.g. 
Technical.FeatureSupport 

4.3.3.3.2 Recommendations for content contextualisation 
 

 Recommendation 
Context Remark: Note that the term ‘Context’ may be 

confused with the existing Vetadata element 
‘Educational.Context,’ which refers to the 
educational level appropriate for a learning object, 
rather than its real-world (situated) context. 

Location 
(geospatial/temporal 
context) 

Consider description of following attributes (from 
http://www.w3.org/TR/di-dco/):  
Geographic coordinates 
Proximity to other resources 
Time of day (temporal location) 
Note that the term ‘Location’ may be confused with 
the existing Vetadata element ‘Technical.Location,’ 
which refers to the access identifier for a resource, 
rather than a physical or temporal location 
(absolute or relative) for which this resource is 
contextually valid.  May require an additional 
Vetadata Field, eg Educational.Proximity 

Level of discourse This suggested attribute from W3C’s Delivery 
Context Overview for Device Independence 
(http://www.w3.org/TR/di-dco) roughly equates 
with Educational.SemanticDensity in Vetadata 
profile, to provide a guide to the conciseness of the 
resource (and thus its suitability for mobile 
delivery, where conciseness is valued) 

Relation Useful for describing the contextual informational 
relationship of this learning resource with other 
known resources, and enabling mobile discovery 
of related learning content.  The Vetadata element 
Relation could enable this capability, but may 
require revisions of controlled vocabulary to enable 
this. 
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4.4 Mobile content delivery 

4.4.1 Mobile web services 
The W3C default context does not include device support for mobile web services, and so 
only very basic recommendations can be made in this respect.  However, the wide 
availability of internet connectivity in current mobile phones, combined with the wide 
deployment of the Java 2.0ME environment on both PDAs and mobile phones, means that 
Rich Site Summary (RSS) can be accessed by most connected mobile devices, either 
through a native reader, web browser, or third-party application installed into the device’s 
Java environment. 

4.4.1.1 Recommend standards for mobile web services 
 

 Recommendation 
Share headlines and 
other web content.  

Rich Site Summary (RSS) 
http://web.resource.org/rss/1.0/ 

 

4.4.1.2 Emerging technologies 
Mobile web browsers that are capable of interpreting (X)HTML, CSS, and JavaScript, and 
capable of communicating with servers using the XMLHttpRequest function, are able to 
combine these technologies and provide users with interactive web pages – a combination 
popularly referred to as AJAX (Opera 2005). As support for AJAX services becomes more 
widespread in digital mobile devices, it is recommended that XML-driven communication 
protocols such as SOAP be considered for addition as a mobile web service standard. 

4.4.2 Wireless data connectivity 

4.4.2.1 Infrared Data Association (IrDA) 
The Infrared Data Association (IrDA) has published a number of standards regarding the 
use of infra-red electromagnetic radiation as a means of free space communication.  It is 
generally considered to be a legacy technology in the wake of wireless, non-line-of-sight 
data protocols such as Bluetooth and WLAN, but should not be completely discounted as 
a potential tool for learning approaches incorporating information sharing between 
participants.   

Very Fast Infrared transceivers are now available, offering transmission speeds of 16Mb/s, 
and an Ultra Fast Infrared specification is being developed, offering speeds of 100Mb/s – 
comparable to most cabled computer networks, and 50 times faster than the fastest 
Bluetooth connection currently available.   

4.4.2.2 Bluetooth 
Unlike IrDA, Bluetooth does not require line-of-sight between devices to establish and 
maintain a data connection.  The Bluetooth specification defines three ‘classes’ of 
Bluetooth, offering varying ranges of data connectivity: 

• Class 1 (100m) 
• Class 2 (10m) 
• Class 3 (1m) 
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There are also a number of revisions of the Bluetooth specification: 

• Bluetooth 1.0, the original specification, contained a number of errors subsequently 
corrected in v.1.1 

• Bluetooth 1.2 is backwards-compatible with previous versions, but contains 
security and reliability improvements (and consequently, higher speeds). 

• Bluetooth 2.0 is backwards compatible with previous versions, and improves both 
the range and speed of previous implementations (as much as 10x) 

 

Bluetooth enables the exchange of information between compatible devices, as well as 
streaming of audio content using Advanced Audio Distribution Profile (A2DP).  A2DP 
requires particular codecs and data encoding schemas that have been incorporated into 
the audio and video recommendations for digital mobile learning, to ensure compatibility 
with Bluetooth headsets that may be used by learners. 

4.4.2.3 Wi-Fi/WLAN (802.11a/b/g) 
The set of standards for Wi-Fi, also known as Wireless LAN or WLAN, is 802.11.  Each 
amendment to the standard has been accorded a letter – a, b, g and n respectively, and 
has improved on the range, speed, (or both range and speed) of previous versions of  
Wi-Fi. 

A number of mid-to-high-end PDAs and many Smartphones are capable of connecting to 
other Wi-Fi capable devices using built-in hardware.  Additionally, Wi-Fi hardware can be 
added to most other PDAs using PCI, CompactFlash, or SDIO expansion slots.  Wi-Fi 
capability is generally not available in portable media players, mobile phones, and 
generally cannot be added to these devices. 

802.11g and 802.11n Wi-Fi data speeds exceed those of IrDA, do so wirelessly and at 
longer range than Bluetooth, and are capable of supporting ad-hoc and multi-user 
networks.  Networking a number of 802.11 devices together in such a fashion can be 
accomplished without any connection costs, and can facilitate the sharing and transfer of 
information between learners and between teachers and learners.   

While Wi-Fi internet connections through a commercial wireless access point may incur 
timed billing, on-campus connections to an institute’s own internet backbone are capable 
of providing free wireless internet connections for staff and students. 

4.4.2.4 GPRS/EDGE 
Approximately 80% of mobile phones in 2005 had internet connectivity, with basic GPRS 
being the most commonly available technology. (Chen and Duylan 2005).  However, an 
increasing number of users are able to obtain faster internet connectivity speeds using the 
improved EDGE protocol over GPRS. 

4.4.2.5 Recommendations for wireless data connectivity 
Due to the considerably higher current market penetration of 2G (GSM GPRS/EDGE) data 
connectivity in mobile phones (Mackay and Weidlich 2006), it is recommended that 
content intended for mobile web delivery be primarily tested for compatibility with 2G 
mobile devices. 

Furthermore, the different contexts for use of Bluetooth and Wi-Fi connections advises the 
recommendation of separate standards for each to match their appropriate deployment 
contexts, as provided below. 
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 Recommendation 
Mobile phone data 
interaction/delivery  

Test accessibility and download speeds on 2G 
GPRS mobile phone 

Device-to-device 
interaction/delivery 

Bluetooth - Class 2, Version 1.2 and 2.0 

Testing of content for 
wireless 
infrastructure 
interaction/delivery 

Wi-Fi/WLAN – 802.11b, 802.11g 

 

4.4.2.6 Emerging technologies 

4.4.2.6.1 3G and 4G (high speed mobile phone data services) 
3G refers to the ‘third generation’ of mobile phone connectivity, whose primary advantage 
is wider data bandwidth and correspondingly higher wireless data access speeds. 

While 3G has considerable attractions over existing GSM (2G) mobile networks, only 11% 
of respondents in a recent Australian survey of the mobile phone market were aware of 
owning a 3G phone (with faster data capabilities than GSM phones) (Mackay and 
Weidlich 2006).  This makes penetration and knowledge of this technology currently too 
low to recommend its incorporation as a standard for wireless mobile data delivery at this 
time. 

Further advances in mobile telephony are seeing the emergence of fourth-generation (4G) 
standards (Wikipedia 2006d), capable of data connection speeds surpassing those of 
most wired networks (100Mb/p while moving, and 1Gb when stationary).  At this stage, the 
technology has been successfully tested in proof-of-concept demonstrations, but no 
commercial 4G implementations are available. 

4.4.2.6.2 WiMAX (802.11n) 
The 802.11n standard is approaching the final stages of ratification, and once finalised, 
will enable wireless communications at data rates of 200Mb/s (typical) up to a maximum of 
540Mb/s (max) – only half the speed of high-speed cabled Gigabit connections. 

Some prospective 802.11n hardware has emerged on the market, supporting the draft 
standard; however, at this stage, there is no mobile hardware supporting this standard in 
any form. 

4.4.3 Proximal learning technologies 
Proximal learning is learning in which content or delivery is modified according to the 
learner’s location, either in absolute terms (eg a specific location on the planet) or relative 
terms (ie being physically close to a particular object or engaged in a particular real-life 
context). 

4.4.3.1 GPS 
Global Positioning System (GPS) in learning requires the use of:  

• purpose-built GPS Receiver hardware, capable of communicating with the 29 US 
Military NAVSTAR GPS satellites orbiting Earth. 

o Dedicated hardware units are commercially available, but not widely 
deployed 
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o Many PDAs now either come with built-in GPS hardware; most others can 
be extended to add GPS capabilities. 

o Mobile telephones have begun to feature GPS capabilities; however such 
capability is still rare and cannot be added to mobile phones that do not 
already have GPS built in. 

• GPS software, to perform translation, tracking, and mapping functions. 
 

There are no consumables associated with GPS-based proximal learning, and GPS-
based learning incorporates no known applicable technologies suitable for standardisation 
to improve the interoperability, usability or accessibility of mobile learning. 

4.4.3.2 RFID 
Radio Frequency Identity (RFID) tags are able to exchange basic wireless information 
with specially designed hardware readers.  There are two types of RFID tag: 

• Passive RFID, containing an antenna and processing chip, but no integrated 
power source.  Passive RFID tags must be ‘stimulated’ by an external radio signal 
which also powers their ability to exchange data. 

• Active RFID, containing an antenna, chip, and internal power source, capable of 
independently emitting a radio signal. 

• Use and operation of RFID tags requires: 
o Dedicated hardware units capable of reading RFID tags 
o Dedicated hardware capable of encoding/writing to RFID tags 
o Consumable or re-usable active or passive RFID tags.  These can be quite 

cheap but do incur a cost on a per-item basis. 

4.4.3.3 2D Barcodes 
2D Barcodes are visual patterns that can be printed on paper, read from computer 
monitors or TV screens, or even created on and read from another mobile phone. 

QR Code - distinguished by the three concentric squares visible in each code. Although 
it’s proprietary (with a ‘defensive patent’ - owned but not exercised by Denso-Wave corp.), 
it is the most widely adopted barcode format used in Japan, where over 30 million mobile 
phones already feature the software required to decode the barcodes. The next most 
popular format is currently Semacode (aka Datamatrix), which is an open, non-proprietary 
standard. Most popular readers (such as the Kaywa Reader) support decoding both of 
these major barcode formats.  Support for the QR Code has been further increased by 
Microsoft’s recent endorsement of the QR Code specification for its Windows Live 
Barcode project. 

A QR Code can store over 4,000 alphanumeric characters within a barcode. The capacity, 
flexibility, and inexpensiveness of 2D barcodes makes their application to education 
extremely diverse.  For example, a QR Code may contain a summary of information for 
mobile capture and portable reference, or a link to a set of bookmarks that provide mobile 
learning resources. 

Furthermore, unlike other proximity technologies like RFID, ‘Smart Chips’, GPS, or 
magnetic strips, the 2D barcodes can be read by an ordinary camera phone, loaded with 
the correct software; and can be created without any special hardware, software, or 
consumables.  

However, 2D barcodes have a slightly different context to RFID or GPS proximal 
technologies.  While RFID and GPS may be used to passively alert the learner and 
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automatically offer content (‘passive’ use), 2D barcodes must be observed and voluntarily 
interacted with by the learner (‘active’ use).  

4.4.3.4 Forward recommendations for proximal learning 
At this stage, implementations of all proximity learning approaches are scarce in Australia.  
However, implementing standards at this early stage may assist the uptake and 
interoperation of proximal, situated and contextualised mobile learning approaches in the 
future, and hence, forward recommendations on the use of proximal technologies have 
been recorded. 

 

 Forward Recommendation 
Proximity learning 
requiring absolute 
positioning  

GPS 

Proximity learning 
requiring relative, 
passive learner 
interaction 

RFID 

Proximity learning 
requiring relative, 
active learner 
interaction 

Quick Response (QR) Code 
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Appendix 1 - Mobile activities considered 
ID Activity Platform(s) Example(s) of  application 
    
1 Recall   
1.1 Access web pages remotely Mobile Phone, Smartphone, 

PDA, PSP 
Access Wikipedia or web-based 
learning resource from PDA/Cellphone 

1.2 Access web pages stored 
locally 

Mobile Phone, Smartphone, 
PDA 

Access a saved web page or web-
authored reference stored on SD card 
or Flash memory 

1.3 Access graphics remotely Mobile Phone, Smartphone, 
PDA 

Accessing moblogs: Images stored in 
web pages 

1.4 Access graphics stored 
locally 

Mobile Phone, Smartphone, 
PDA, Media Player 

Diagrams or charts loaded onto device 
for revision/study 

1.5 Access photographs remotely Mobile Phone, Smartphone, 
PDA 

Moblogs: Images stored in web pages 

1.6 Access photographs stored 
locally 

Mobile Phone, Smartphone, 
PDA, Media Player, Digital 
Camera 

View photos taken with device's own 
camera, or another camera and loaded 
onto device - eg of a sequence or parts 
of a process, or an exemplar or 
finished product 

1.7 Access sound files remotely Mobile Phone, Smartphone, 
PDA 

Podcasts - usually voice rather than 
music or other sound eg lectures, 
interviews 

1.8 Access sound files stored 
locally 

Mobile Phone, Smartphone, 
PDA, Media Player 

Podcasts - usually voice rather than 
music or other sound eg lectures, 
interviews 

1.9 Access video files remotely Mobile Phone, Smartphone, 
PDA 

Video streams to mobile phone on 3G 
or to PDA over Wireless LAN network 

1.10 Access video files stored 
locally 

Mobile Phone, Smartphone, 
PDA, Media Player, Digital 
Camera 

Open a video recorded earlier on 
mobile phone or PDA using built-in 
camera, to review a recorded learning 
process or event 

1.11 Access formatted text 
document remotely 

Mobile Phone, Smartphone, 
PDA 

Get and view a text-based document 
from the web - laid out, uneditable? 

1.12 Access formatted text 
document stored locally 

Mobile Phone, Smartphone, 
PDA 

Get and view a text-based document 
from local machine - laid out, 
uneditable? 

1.13 Access spreadsheet or table 
data remotely 

Mobile Phone, Smartphone, 
PDA 

View a table eg a data table - it seems 
that many mobile browsers do not 
support web page tables more than 
two columns wide… be careful 

1.14 Access spreadsheet or table 
data stored locally 

Mobile Phone, Smartphone, 
PDA 

View a table eg a data table - it seems 
that many mobile browsers do not 
support web page tables more than 
two columns wide… be careful 

1.15 Access database/form 
remotely 

Mobile Phone, Smartphone, 
PDA 

 

1.16 Access database/form on 
local device 

Smartphone/PDA  

1.17 Access SCORM/IMS learning 
object remotely 

Smartphone/PDA  

1.18 Access SCORM/IMS learning 
object stored locally 

Smartphone/PDA  

2 Record   
2.1 Create an image (graphic) 

and store remotely 
Mobile Phone, Smartphone, 
PDA 

 

2.2 Create an image (graphic) 
and store to local device 

Mobile Phone, Smartphone, 
PDA 

 

2.3 Take a photo using built-in 
camera and store remotely 

Mobile Phone, Smartphone, 
PDA 

Using Moblogging to record visual 
journal of learning 

2.4 Take a photo using built-in 
camera and store on local 
device 

Mobile Phone, Smartphone, 
PDA, Digital Camera 
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ID Activity Platform(s) Example(s) of  application 
2.5 Record a sound using sound 

recorder and store remotely 
Mobile Phone, Smartphone, 
PDA 

Podcast creation using mobile phone 
or PDA as recording device and 
sending to blog 

2.6 Record a sound using sound 
recorder and store to local 
device 

Mobile Phone, Smartphone, 
PDA, Media Player 

Recording a lecture for later 
review/note taking 

2.7 Record a video using built-in 
camera and store remotely 

Mobile Phone, Smartphone, 
PDA 

V-Logging using mobile phone or PDA 
as recording device and sending to 
blog 

2.8 Record a video using built-in 
camera and store on local 
device 

Mobile Phone, Smartphone, 
PDA, Digital Camera 

Recording a process using camera for 
later review by learner; recording 
competency-based task being 
performed for remote assessment by 
assessor 

 Create a text file and store 
remotely 

Mobile Phone, Smartphone, 
PDA 

Input and save to a web-based form or 
Social Web/AJAX Word processor 

 Create a text file and store on 
local device 

Mobile Phone, Smartphone, 
PDA 

Take notes using PDA or laptop; save 
a brief memo using mobile phone 

 Create a spreadsheet 
document (stored locally) 

Smartphone/PDA  

 Enter data in to local 
database or form 

Smartphone/PDA  

 Enter data into remote 
database or form 

Mobile Phone, Smartphone, 
PDA 

Interestingly, mobile phones can use 
web-based database forms, even 
though almost all mobile phones 
(except for smartphones or PDA-
phones) lack the software to edit 
databases locally. 

 Record learner assessment, 
scores, or other learning data 
to remote machine or 
database 

Mobile Phone, Smartphone, 
PDA 

 

3 Relate   
 Post text to web-log for 

commenting 
Mobile Phone, Smartphone, 
PDA 

 

 Add comment to someone 
else's blog 

Mobile Phone, Smartphone, 
PDA 

 

 Edit collaborative wiki or 
document on website 

Smartphone/PDA  

 Send/receive instant text 
message 

Mobile Phone/Smartphone  

 Send/receive SMS Mobile Phone/Smartphone  
 Send/receive MMS Mobile Phone/Smartphone  
 Initiate/receive voice call Mobile Phone/Smartphone  
 Initiate/receive VOIP call Mobile Phone/Smartphone, 

PDA 
 

 Read/respond to Discussion 
Post 

Mobile Phone, Smartphone, 
PDA 

 

 Participate in synchronous 
text chat 

Mobile Phone, Smartphone, 
PDA 

 

4 Reinterpret   
 Edit graphic images Smartphone/PDA  
 Edit photographs Smartphone/PDA  
 Use interactive activity or 

application on web 
Mobile Phone, Smartphone, 
PDA, PSP 

 

 Use interactive activity or 
application on local device 

Mobile Phone, Smartphone, 
PDA, PSP 

For example, a Flash or Java-based 
program that performs an information 
processing function 

 Play educational game Mobile Phone, Smartphone, 
PDA, PSP 

 

 Edit text-based document Smartphone/PDA  
 Edit spreadsheet document Smartphone/PDA  
 Edit local database or form Smartphone/PDA  
 Edit remote database or form Smartphone/PDA  
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ID Activity Platform(s) Example(s) of  application 
 Create/Interpret 2D barcode 

or other (machine-readable) 
data representation from/to 
human-readable form 

Mobile Phone, Smartphone, 
PDA 

 

5 Associated T&L Activities   
5.1 Discover resources suitable 

for mobile delivery from 
resource 
collections/repositories 

PC, Smartphone, PDA Resource Metadata/Vetadata 
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