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At a glance
· Public digital networks largely use the internet protocol (IP) to transfer packets of data, irrespective of the content of that data.
· Voice over IP (VoIP) can now be used for telephone calls with an acceptable quality of service (QoS).

· Consumer VoIP can enhance learning experiences and support both students with parents living overseas and trainee teachers.

· Switching to VoIP provides opportunities for additional services but introduces new risks.

· IP telephony can be used to bring communications systems into a unified structure.
· Connecting VoIP systems requires bridging of differing protocols and centrally held registries for device addresses.
· Both fixed and mobile networks are moving towards an 'all-IP' environment.

· The analogue public switched telephone network (PSTN) also uses packet technology, but the existing infrastructure and 'last mile' of copper make it extremely expensive to upgrade to a fully digital network.

The rise of digital telephony
Transfer of digital data across the internet relies on the internet protocol (IP) to divide information into packets, to route them to the correct address and reassemble the original communication. Ordinary telephones work using entirely different analogue protocols and hardware, but companies and individual are increasingly questioning the need for duplicate wiring and the cost of providing a separate voice network. Voice over IP (VoIP) describes the transmission technologies that take audio conversations and converts them into a form suited to digital networks.
One of the most well known VoIP applications is Skype, although Vonage, Jajah, GrandCentral and RingCentral are just a few of the alternative commercial applications, plus a range of open source projects. In addition to supporting voice conversations, these services may also provide text chat, file transfer, simple videoconferencing and other collaborative facilities. Many services now have some form of central interconnect with the normal telephone network, allowing users to call landline and mobile numbers and to purchase calls in bulk packages or using regular calling plans.
The original telephone network connected two phones across a unique set of copper wires to form an analogue circuit. Electrical relays were introduced to automatically switch circuits as users dialled, leading to the formation of the public switched telephone network (PSTN).
Providing unique copper circuits is expensive, so telephone operators used multiplexing techniques to combine call streams over trunk networks built from copper and, more recently, optical fibre. With the introduction of digital technologies, these trunk networks started sampling audio data from conversations and dividing the results into packets. The telephone networks use robust protocols to route these packets on the network to ensure that they arrive on time and in order.

The internet also routes packets, but IP is not as strict, resulting in lower digital call quality over narrowband connections.
IP underlies much of the modern communications network, to the extent that the next generation mobile '4G' services will be 'all-IP'. VoIP is likely to become the de facto standard for mobile conversations, making it much easier to route between different domains - whether cabled, mobile or satellite - as they will essentially all be using the same system.

IP advantages
What does IP offer beyond a unified communications network? It can provide:
· A single telephone number that can be associated with multiple devices, such as a mobile phone, a computer or a normal handset.

· Services that can be based on time rules or caller identity, automatically forwarding calls to a different device or to voicemail.

· Rules which are managed by the user using a software client.
· The ability to process a conversation as a digital file without further conversion: voicemail messages can be sent as MP3 attachments to emails; or messages can be held centrally and played back over the internet.
· A channel to send other media across the same link simultaneously, such as pictures, documents, or video. These can be worked on collaboratively using software that provides a shared workspace.
What does VoIP offer education?
Many consumers first meet VoIP as a way to make cheap or free calls to remote family members, which is equally true of many in education. Chris Smith, editor of the Shambles site, says,
"In International Schools communities VoIP has been welcomed with open arms especially by families... living 'overseas' and keeping in touch with sons and daughters who have moved to university has highlighted the real cost effectiveness of this option."
Since VoIP applications like Skype are available to a wide range of operating systems, it is possible to set up free audio or simple videoconferences with external experts, specialist languages teachers, classes in other countries or learners on field trips or work experience. So long as their PC and network are working, users can also work live with technical support. (More sophisticated videoconferencing systems are covered in the Telepresence article in TechNews 3/08.)
Tutors in initial teacher education have used VoIP to mentor trainees while on placement, using the video link for the trainee to do a dry run of a presentation or science experiment. These conversations have often proven more helpful than asynchronous support systems offered by email or electronic forums. Trainees can also work together in groups (since VoIP allows teleconferencing), to develop resources and discuss approaches to issues that arise during their placements. (See Gallant and Wright, 2007.)
VoIP, IPT and unified communications
The promise of unified communications, a single infrastructure and lower bills has led some businesses to replace telephone PBXs (private branch exchanges) with IP telephony (IPT) or complex unified communications (UC) systems. Consumer VoIP solutions rely on locally installed clients and separate address books, which makes managing such systems almost impractical for multiple users. Replacing normal telephone systems with a UC server brings management back to the centre and allows VoIP to be combined with other services delivered over the IP network.
Nottingham Trent University (NTU) has recently signed a £1.6 million contract to replace its existing network by a UC system, with a view to enhancing collaboration between staff and (in future) among students. Unity City Academy in Middlesbrough and Leeds Metropolitan University already have such solutions, while Leeds City Council has integrated schools into its IPT structure. NTU's IT director, David Swayne, makes clear that UC is about far more than hardware:
"I think the biggest challenge isn't the technology one, it's the one around how the technology can enable people to work differently and that being received as a potential benefit rather than a threat." 
ENUM
Connecting diverse VoIP systems requires a central registry that maps dialled numbers with the correct device according to the rules defined by the user. ENUM is being developed internationally to allow VoIP servers to communicate directly and negotiate IP connections, transferring calls to devices attached to the PSTN as required. ENUM, managed by Nominet in the UK, embeds the international E.164 telephone numbering standard and uses name authority pointer records (Naptrs) to direct communications to the correct device.

The problem of protocols
VoIP systems use different protocols: Skype's is proprietary, whilst many others use either H.323 or SIP, requiring gateways to connect these diverse systems. H.323 was originally developed to enable videoconferencing on local area networks but has been modified for broader uses. Session initiation protocol (SIP) is also widely used and is now embedded into standards used by 3G mobile networks to transfer multimedia information. 

Issues
The traditional PSTN is unaffected by local power outages as it is independently powered. Most consumer VoIP systems will fail without power, necessitating an alternative means to reach the emergency services. Since VoIP devices can be mobile, or switched to one at a different location, some carriers argue that it is impossible to fulfil Ofcom's requirement to provide a geographical location and give no '999' access to emergency services.
VoIP produces large amounts of data, putting pressure on the carrier's bandwidth. To maintain quality of service (QoS), some argue that VoIP applications require higher prioritisation, but this goes against principles of 'net neutrality' (where every application is treated the same) and could add significantly to core infrastructure costs as these services grow in popularity.
Skype can add to network security issues as the format of its packets is protected. Not only does this prevent snooping, but also limits the ability of firewalls and anti-virus products to protect users and networks from malware, which could be transmitted using the system's file-sharing features.
Future
Public communications are moving towards an 'IP-everything' environment: femtocells (TechNews 9/08) allow mobile phone calls to be routed over the internet; mobile providers are increasingly adding VoIP clients to handsets; and 4G services (TechNews 11/07) will be 'all-IP'. However, the PSTN has a huge established infrastructure, especially the 'last mile' of copper from the roadside cabinet to individual houses and businesses, making upgrades to entirely digital 'next generation' fibre networks hugely expensive. The Government has not responded to calls for it to pay for this upgrade, which will cost an estimated £29 billion if the 'last mile' is included.

VoIP is an area where educators who understand its limitations can use VoIP to enhance learning experiences, but institutional adoption needs careful planning and clear strategic direction to succeed. Nevertheless, this is the direction in which communications systems are evolving.
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