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This report is a summary of technology themes extracted from the major technology forecasting publications from business and other sectors that could conceivably be relevant to the UK higher education system. We do not attempt to make evaluative comments concerning these trends, and specifically we do not attempt to speculate on the importance of the technologies identified for education.
The work leading to publication comprised three stages: selection of sources, scanning these sources to extract specific emerging technologies and grouping these technologies into themes.

Around thirty “horizon scanning” publications describing emerging technologies predicted to be important to domains other than education, were suggested by members of JISC’s two Innovation Support Centres, CETIS and UKOLN. These are listed on the delicious website. These were read and technologies they identify summarised in a Google Doc. These technologies were then grouped into themes for discussion in this report.

For each theme, we provide a brief introductory definition, a short snapshot of relevant technologies and applications in business and the wider world, and its implications to an organisation’s IT and business strategies. We have used ‘Google Insights for Search’ to visualise the trend of interest on each theme or relevant technologies over time (2004 – present); this is for illustrative purposes only. The themes are presented in no particular order. 

Cloud computing 
Cloud computing is a term often used to describe a standardised IT capability (services, software or infrastructure) delivered via Internet technologies in a pay-per-use, self-service way.  Virtualisation is the technology that underpins and enables cloud computing as well as being used internally by organisations to improve resource utilisation and to boost efficiency. Cloud computing promises a range of benefits including scalability, reduction of capital investment, geographical independence, more efficient use of hardware and consistent performance. 
The market for cloud computing is currently immature and major vendors such as Amazon, Google, and Microsoft are jockeying for position and mind-share with a wealth of outsourcing, software-as-a-service and start-up phase providers. According to Gartner (2010), vendors will offer packaged private cloud implementations that deliver the vendor's public cloud service technologies (software and/or hardware) and methodologies (i.e., best practices to build and run the service) in a form that can be implemented inside the consumer's enterprise. Many will also offer management services to manage the cloud service implementation remotely. The Institute for the Future (IFTF) (2009) reported that server farms would grow to support supercomputing applications as more organisations outsourced computing capacity to commercial server farms (PA Consultancy, 2010; Ovum, 2010). 
[image: image2.png]Cloud computing will shift current organisational thinking about the value of building and operating large complex data centres. Gartner (2010) anticipates that large enterprises will soon have a dynamic sourcing team responsible for ongoing cloud sourcing decisions and management. It is no longer a question of whether or not enterprises will use cloud computing; organisations must ensure that they are cloud-ready and should evaluate opportunities by applying a structured framework to identify potential candidates for cloud-based services. It is clear that cloud computing represents a business model revolution rather than a technology innovation (Accenture, 2010; Deloitte, 2010; TechRev, 2010; Ovum, 2010). 
Mobility/Mobile
Mobility sums up the increasing desire to be able to access ICT applications and services from any location and while on the move from mobile devices over wireless networks. Ubiquitous wireless connectivity and capacity, powerful end-user devices, and a growing mobile application ecosystem lend themselves to previously unimaginable solutions (PA consultancy, 2010; Deloitte, 2010, Gartner, 2010).
PWC (2010) proposes key milestones on mobile technology developments in the next 10 years, including: 
· Smart-phones and tablets which will be used in a productive way

· HTML5 specification gains approval

· Mobile wallets will become standard 

· 3D gesture interfaces and displays will come to market

· High-speed, near-field communications (NFC) becomes commonplace 

· Sensors on a chip become cost-effective 

· LTE (Long term evolution, 4G) penetration becomes widespread

· Image projection and wearable devices adopted, etc.

Gartner (2010) foresees that mobile applications and media tablets will have an astounding amount of processing ability and bandwidth. The quality of the experience of applications on these devices, which can apply location, motion and other contexts, will lead customers to interact with companies preferentially through mobile devices. It is expected that 80% of business will support a workforce using tablets by 2013. 
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Technology implications of mobility are larger for enterprise customers, with the explosive growth in capabilities of the mobile Internet blurring traditional boundaries and creating new opportunities. It presents organisations with a potentially disruptive shift, precipitated by both technology and changing user demand. For most organisations, the real impact comes from the ability to offer new business capabilities and to rethink business processes radically as well as to expand mobile solutions as part of their business operating model. Companies will need to rethink how they adopt and deploy them. There is a big opportunity for enterprises to revolutionise business processes and customer interaction using new mobile apps (Deloitte, 2010; Ovum, 2010; PWC 2010).
Business Analytics 
Business analytics (BA) refers to making extensive use of data, statistical and quantitative analysis, explanatory and predictive modelling and fact-based management to drive decision making. Business analytics focuses on developing new insights into and understanding of business performance based on data and statistical methods (Wikipedia). 
Perceptive data analysis can help organisations discover patterns, detect anomalies, improve data quality and ultimately take effective action. For example, an organisation could understand customer buying patterns better by analysing call logs, Interactive Voice Response (IVR), and web logs (PA consultancy, 2010). A number of specialised analysis techniques such as social filtering, social-network analysis, sentiment analysis and social-media analysis will be used to measure, analyse and interpret the results of interactions and associations among people, topics and ideas (Gartner, 2010). Machine-learning algorithms enable software to learn how to respond with a degree of intelligence to new information or events. Google Cloud-Based Learning Engine and Google Prediction API (TechRew, 2010) can be used to analyse a user’s historic data and predict likely future outcomes. These techniques illustrate a link between this theme and those of ’social media and the engaged web’, see below, and artificial intelligence.
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Business analytics could make it possible to help with decision-making and to predict future outcomes and to perform these predictions in real-time to support each individual business action. However, this requires significant changes to existing operations, business intelligence infrastructures and ways of data mining and analytical applications. Most organisations already have access to analytic tools and technologies in order to improve decision-making, identify new business opportunities, maximise cost savings and detect inefficiencies. The challenge is how to put them together into a cohesive foundation to increase the ability of organisations to make timely decisions based upon accurate data, which reflects the business status and evolving character in real-time (PA consultancy 2010).
Social media 

The term ‘social media’ encompasses a collection of technologies for enabling web-based interactions, with a focus on collaboration, information sharing and user-generated content. This phenomenon is increasingly being referred to as ‘the engaged web’ (PA consultancy, 2010). According to Gartner (2010b), social media can be divided into: (1) Social Networking - social profile management products as well as social networking analysis (SNA) technologies that employ algorithms to understand and utilise human relationships for the discovery of people and expertise. (2) Social Collaboration - technologies, such as wikis, blogs, instant messaging, collaborative office, and crowd sourcing. (3) Social Publishing - technologies that assist communities in pooling individual content into a usable and community-accessible content repository such as YouTube and Flickr. (4) Social Feedback - gaining feedback and opinion from the community on specific items as witnessed on YouTube, Del.icio.us and Amazon.  
The social network itself is quickly becoming a primary information channel for many people. For example, people increasingly turn to social network platforms for health care support and peer-to-peer health management. Voice and image-based searching of social media will become increasingly important on mobile devices. Real time searching will become smarter too, with filtering of results by location, context or user profile to deliver more relevance. Gartner predicts that by 2016, social technologies will be integrated with most business applications. One predicted example is ‘social bots’, automated software agents designed to help businesses handle interaction with customers in a manner personalised to each individual (Gartner Pred, 2010). 
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Recent mainstream capabilities (location-awareness, online/offline modes, social connectivity and more) are paving the way for whole new classes of Web applications. A growing set of productivity, communication and integration capabilities is also making the Web increasingly attractive as an enterprise platform. Well-established search applications will continue to mature; real time and social searching will bring new opportunities and challenges to businesses and other organisations as they try to make the most out of the potential of social websites. It will be important for organisations to bring together their CRM, internal communications and collaboration, and public social site initiatives into a coordinated social media strategy (Gartner10, 2010).
Next generation interfaces & content

‘Next generation interfaces’ is a collective term for technologies that are challenging the traditional keyboard and mouse combination as the dominant means of interacting with ICT. Examples of these technologies include voice control, touch screens, gesture recognition, brain imaging, haptics and devices such as 3D printers and rapid prototyping machines  (PA consultancy, 2010; IFTF, 2010). At the same time, the amount of content on the web is growing exponentially to provide novel and more compelling forms of entertainment for both home and public, such as 3D media, video blogs (Vlogs) and simulations (IFTF, 2010).
Augmented Reality (AR) applications for smart phones are enabled by a compass, GPS and accelerometer in the device combined with, for example, the Layar AR browser and Wikitude AR software platform. Some AR activity focuses on marketing promotions: for example, overlaying a 3D model of a car onto a brochure, or localising the advertising on stadium hoardings at televised sporting events (PA consultancy, 2010; IFTF, 2010). One of the most visible trends of the new technology is the rise of ‘we media,’ which enables all kinds of people to post anything they want online. Gartner believes that video will become a commonplace content type and interaction model for most users, and that by 2013 more than 25 percent of the content that workers see in a day will be dominated by pictures, video or audio (TechRev, 2010; Gartner, 2010). E-book makers are looking to distinguish their products by adding new features such as support for audio books or other types of media (TechRev, 2010). Several of these examples of interfaces and content relate strongly to the theme of mobility. 
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It is clear that the keyboard/screen combination will remain the most applicable input method for many mainstream business applications. However, the emergence of other methods of interaction and alternative technology can be used to create a more natural and intuitive experience and the millions of users who generate rich content from their laptops and mobile devices are exerting an enormous influence on culture. Organisations need to get to know who those users are, how they communicate, and what they are up to next (IFTF, 2010; TechRev, 2010).

 Internet of Things 

The ‘Internet of Things’ refers to the networked interconnection of everyday objects. The concept forms a part of the pervasive computing vision that sees many more objects, other than traditional computing devices, becoming connected to the web. These objects will often provide sensing and monitoring capabilities, describing their local environment or their own status (PA consultancy, 2010). 
Gartner (2010) predicted that ubiquitous computing will make computers invisibly embedded into the world. The proliferation of cheap tracking solutions based around Radio Frequency Identification (RFID), for example, and sensor networks, have enabled certain types of organisation to be able to monitor and track many of their activities to a new level of granularity. Robotics can be seen as an example of the ‘Internet of Things’ being sensors and actuators connected to a network. European scientists have embarked on a project called RoboEarth which is to build a place to which robots can upload data when they master a task, and ask for help in carrying out new ones. Robots could soon have an equivalent of the Internet and Wikipedia (BBC news, 2009). 
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The ‘Internet of Things’ market compromises an extremely diverse and growing ecosystem of suppliers. Tracking of assets and objects through the supply chain is already big business, and sensor networks generating data that can be used to inform real-time decision-making are becoming increasingly commonplace. As computers proliferate and as everyday objects are given the ability to communicate with RFID tags and their successors, networks will approach and surpass the scale that can be managed in traditional centralised ways. 
Concluding Observations
Overall, the themes that were identified as being widely discussed in the technology forecast publications came as no surprise. There were some interesting trends that were picked up by only one or two of the analyses we examined that might be worth considering further. For example, fabric-based computing (a modular approach to computer hardware, Gartner 2010) was a subject that was new to us. Others are listed in the themes in the Google doc.

Perhaps the most surprising observation concerns something that wasn't identified widely as an emerging theme: there was only one mention of the semantic web (which came from the EU FP7 Future Internet project and so would be heavily influenced by the European HE sector) and no mention of linked data. If semantic technologies are not considered to be an emerging trend, it might be that they are treated as a tool that will be significant in realising the potential of some of the other themes.
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