The Use of Mashups in Virtual Research Environments:

A Case Study

Astrid Albertini

A minor thesis in partial fulfilment of the requirements for the Degree of Master of Library and Information Studies

National University of Ireland

University College Dublin

School of Information and Library Studies

September 2008

                      Research Supervisor: Dr. Judith Wusteman

                      Head of School: Dr. Ian Cornelius

Acknowledgements

I would like to extend my thanks to my supervisor, Dr. Judith Wusteman for her guidance throughout this project
Thanks also go to my family and friends for all their help and support

Table of Contents
iiAcknowledgements


iiiTable of Contents


viAbstract


1Introduction


32. Literature Review


32.1 Web 2.0


42.1.1 The Seven Principles of Web 2.0


62.1.1 Web 2.0 standards


72.1.1.1 Ajax


82.1.1.2 Alternative User Interface (UI) Technologies to Ajax


92.1.1.3 Rich Internet Applications


92.1.1.4 XML – Extensible Markup Language


102.1.1.5 JSON – JavaScript Object Notation


102.1.1.6 Service Oriented Architecture SOA


102.1.1.7  Open Application Programming Interfaces (APIs)


112.1.1.8 Open Source


112.1.1.9 OpenID


122.1.1.10 Data portability


122.2 Mashups


152.2.1 Mashup related standards


152.2.1.1 API - Application Programming Interface


152.2.1.2 REST, SOAP, XML-RPC and other API protocols


16Protocol


16Number of APIs with support


172.1.1.3 Microformats


172.2.1.4 Ajax – Asynchronous JavaScript and XML


172.2.1.5 RSS and Atom.


182.2.1.6 Screen scraping


192.2.1.9 WSDL – Web Services Description Language


192.3 VREs


222.3.1 OJAX++


232. Methodology and Objectives


232.1 Research Questions and Objectives


242.2 Methodology


273. Results


273.1 Existing VREs and social networking engines, and their associated applications.


283.1.1 Sakai


293.1.2 MyExperiment


303.1.3 Elgg


313.2 Review of Web 2.0 software and applications


313.2.1 Online office tools


363.2.2 Flickr


373.2.3 Instant Messaging/chat services


383.2.4 Email


393.2.5 Meeting tools


403.2.6 Wikis


423.2.7 Maps


443.2.8 Feeds


443.2.9 Blogs


453.2.10 Searching


483.2.11 Translation Services


494. Discussion


494.1 Software, services and datastreams


544.2 More complicated mashups


554.3 Limitations of the study


574. Conclusions and recommendations


574.1 Conclusions


584.2 Recommendations for further study


59References


iAppendix 1: Software websites.





Abstract

Purpose of the study – This study explores the potential integration of existing Web 2.0 software with Virtual Research Environments, in particular OJAX++ which is a next-generation collaborative research tool. It attempts to identify Web 2.0 services, software and datastreams which can enhance the functionality of a VRE for researchers. 
Approach - Web 2.0 principles and standards were used as guides to investigating the various types of software and services available.
Findings - The study has identified several pieces of software which have been reviewed and recommended for integration with OJAX++.

Limitations of the study – As Web 2.0 is of a changing nature, this study must be ongoing in order to keep OJAX++ up-to-date.
Introduction 
Web 2.0, which has developed over the past five years, envisages the web as the platform for a new, interactive, collaborative and personalised approach to information seeking. The concepts at the heart of Web 2.0 – creativity, collaboration and innovation have a lot to offer the research community. New and innovative ways of collaboration between researchers are constantly being created using Web 2.0 technologies.

Virtual Research Environments (VREs) are an example of new technologies being created for and embraced by researchers. VREs are defined as 

“a set of tools and other network resources interoperating with each other to support or enhance the processes of a wide range of research” (JISC 2004)

VREs facilitate interdisciplinary research and flows of information in order to enhance both the experience for researchers and the quality of research being undertaken. They can enhance academic research by using Web 2.0 technologies to facilitate collaboration and community-based interaction.

A research team at the School of Library and Information Studies (SILS) in University College Dublin (UCD) is developing a next-generation collaborative research environment called OJAX++ which is being funded by the Science Foundation Ireland (SFI).

This project investigates the potential integration of existing software, services and datastreams with VREs, in particular OJAX++, in order to enhance to enhance the research process.  The result of combining or integrating two or more applications or services to create a new application is known as a mashup. As OJAX++ will use Web 2.0 technologies, this project explores the potential for integration and interoperation between OJAX++ and other Web 2.0 tools in order to make OJAX++ more dynamic, flexible and functional for users.

The concepts, principles and standards behind Web 2.0 mashups and VREs are investigated. In addition to this, an exploration into the desired and existing capabilities of VREs gives a good guideline for the types of services, software and datastreams investigated.

Having identified the software needs for a VRE, a review of existing software was undertaken, keeping the principles of Web 2.0 as a framework for the usefulness of each. Several kinds of Web 2.0 software are evaluated including, but not limited to: Blogs, Wikis, online word processing tools, and online meeting tools. Each was evaluated according to functionality, standards and relevance to VREs.  

Specific examples of these Web 2.0 applications are recommended for integration with OJAX++.

2. Literature Review

This chapter reviews the principles and core concepts behind Web 2.0, mashups and Virtual Research Environments (VREs). The standards and tools behind Web 2.0 and mashups are described. The desired capabilities of, and concepts behind VREs are also discussed. 

2.1 Web 2.0

Web 2.0 is an exciting recent development that envisages the web as a platform for a new interactive, collaborative and personalised approach to information seeking. O’Reilly coined the term in 2004 to explain how people were interacting with the web. Sites such as facebook.com and bebo.com promote the concept of online communities, allowing social networking on a global scale.

Innovation and collaboration are evident on the web, as people share and create information in the form of wikis and online word processing software, combine software and personal data using sites such as Google Earth and YouTube, and publish and comment on opinion pieces using blogs. Websites are no longer to be merely read, but to be interacted with in an exciting, dynamic way, commented on, personalised and added to.

Traditional classification schemes have been surpassed by the rise of folksonomies. These online, informal, flexible and popular schemes - such as delicious.com and digg.com - allow users to tag or bookmark web pages for future reference, and allocate unique descriptive keywords to describe the content of those pages. Users can access web content by searching an individual’s collection of tagged web pages or viewing pages with a particular tag. 

The concepts at the heart of Web 2.0 - creativity, collaboration and innovation - offer much to the world of libraries.  Indeed, ‘Library 2.0’ is already a popular term to describe the online approach many libraries worldwide now take to make their services and collections directly available to users. (Maness, 2006) 

Libraries can use blogs, wikis and social networking pages to disseminate key information about library services and student resources.  They can use these technologies to highlight news, innovations and resources to a younger demographic which might not otherwise be aware of them.  Such institutions are keen to get their users involved with their facilities in new, dynamic ways.  

2.1.1 The Seven Principles of Web 2.0

O’Reilly’s 2004 paper ‘What is Web 2.0: Design patterns and business models for the next generation of software’ outlines seven principles that form the basis of Web 2.0.  These principles form a way to understand the concept of Web 2.0 services and their uses:

1. The Web as platform

This refers to making applications web-based and moving away from more traditional desktop applications.  

Web-based tools make the Web easier to use, enabling users to quickly change, upload and discuss web content.  In ‘What is web 2.0? Ideas, technologies and implications for education’ Anderson (2007) describes the concept as comprising individual production and user-generated content.

For example, Google Docs allows users to access, change and store word-processed documents or spreadsheets online, from anywhere with internet access.  The documents can be uploaded from and saved to the user’s desktop and shared with other users.

2. Harnessing Collective Intelligence

Harnessing collective intelligence or ‘the power of the crowd’ (Anderson, P. 2007) means that a service improves with use.  This ‘architecture of participation’ (O’Reilly 2004) can be seen in systems designed for user contribution.  Crowdsourcing is an example of Internet users contributing to solve problems (Anderson P., 2007). Folksonomies also illustrate this principle.  In a folksonomy, users tag information according to their own preferences and then share them with each other. 

3. Data is the next Intel inside

This principle relates to data itself becoming a commodity.  O’Reilly uses the example of Web 2.0 companies such as Google, Amazon and Yahoo, which ‘produce’ information that is far more valuable than software.

4. End of the software release cycle

O’Reilly (2004) argues that users must be treated as co-developers.  Web 2.0 services are constantly updated or in a state of ‘perpetual beta’, rather than being periodically released as major new software editions.  For example, Google’s email system, Gmail, is constantly rolling out new features, which are tested live in the email system, and kept or discontinued based on their popularity with users.
5. Lightweight programming models

The quest for simplicity is at the core of many Web 2.0 services. O’Reilly believes that applications should be designed for ‘hackability and remixability’(2004). A key aspect of this is the public availability of Application Programming Interfaces (APIs) which allow the service to be reused in other applications and which has led to the creating of many innovative and useful services which combine two or more previously existing services – these new services are known as ‘mash-ups’.

6. Software above the level of a single device

O’Reilly refers here to the shift from traditional desktop applications to server-side applications.  He believes that applications limited to a single device are less valuable than those which can be used anywhere and from any device (O’Reilly 2004).

7. Rich user experience

Rich Internet Applications (RIAs) are web applications that have the features and       functionality of traditional desktop applications and which give users greater interactivity with the applications. They can be faster, more engaging and more usable, and provide better user experiences (Maurer 2006).

O’Reillys principles encapsulate the ideas and theories behind Web 2.0.
2.1.1 Web 2.0 standards

‘Web 2.0 standards’ is a general term for the formal standards and technical specifications associated with the World Wide Web.  Below are some of the most important and frequently used standards of Web 2.0.

2.1.1.1 Ajax
Ajax is one of the most important standards used in Web 2.0. Ajax is fundamental to many web 2.0 services and gives a more dynamic feeling to a website.  Although, ‘Ajax’ methodology had been in use for many years by web developers, Garrett coined the term in 2005 in an article for adaptivepath.com.  
Ajax is not a single technology, but rather a “general approach to the development of interactive web applications” (Wusteman and O’hIceadha, 2006, p1).  Ajax incorporates “standards-based presentation using XHTML and CSS; dynamic display and interaction using the Document Object Model; data interchange and manipulation using XML and XSLT; asynchronous data retrieval using XMLHttpRequest; and JavaScript binding everything together” (Garrett, 2005).

The aim of Ajax is to avoid the wait time of a classic web application model in which user actions trigger a request to a web server which processes the request and returns an entire HTML page.  With Ajax, the user loads the web page and an Ajax engine, usually written in Javascript. The user interacts with the JavaScript engine in the same way, as with an HTML page, except that their actions now generate Javascript calls to the Ajax engine rather than requests for entirely new pages.  The Ajax engine asynchronously loads the necessary information to the web page, allowing for rapid incremental updates to be made.  

Figure 1, below (from Garrett’s article), compares the operation of an Ajax-based application works with that of a traditional application.
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Figure 1 - The traditional model for web applications (left) compared to the Ajax model (right). (Garrett, 2005)

2.1.1.2 Alternative User Interface (UI) Technologies to Ajax

There are alternative UI technologies which compete on different levels with Ajax.  Many technologies can create and support Rich Internet Applications, for example XUL (XML User-Interface Language), XAML (eXtensible Application Markup Language), Java, Flash and SVG (Scalable Vector Graphics). 

Many of these technologies offer “as-good-if-not-better UI capabilities” (Frank, J. 2005) as Ajax.  However, they either require the user to download specific plug-ins as in the cases of Flash, Java applets, and SVG, or limit them to a specific browser or operating system as is the case with XUL which is part of the Mozilla browser, and XAML which is part of the Microsoft Framework.

In many cases, these ‘competing’ technologies, particularly Flash and SVG, are used in conjunction with Ajax to further enhance the user experience.

2.1.1.3 Rich Internet Applications

Rich Internet Applications (RIAs) typically use standards, such as Ajax, to enable asynchronous communication between browser clients and server-side systems.  The user benefits from being able to use the application on any computer with an Internet connection, and a feature of many UI technologies used to implement RIAs is that they allow both on-line and off-line use of the application and can automatically synchronise the data/account when the connection is restored.  (Wusteman 2008)

There are many competing user interface technologies which can implement RIAs. The most prominent of these are Microsoft Silverlight, Gears (formerly called Google Gears), Mozilla Prism and Adobe AIR. From a technical point of view, using AIR, Google Gears and Silverlight facilitate additional advanced functionality over that provided by a standard browser, however, some of these are limited to particular operating systems. Microsoft Silverlight and Adobe AIR are limited to newer versions of Windows and Mac OS, while Gears and Mozilla Prism work across Windows, Mac and Linux operating systems.

2.1.1.4 XML – Extensible Markup Language

XML is a specification for creating markup languages. It can be defined as a set of rules for forming semantic tags that break a document into parts and identify the different parts of the document (Harold 1998). XML was designed to transport and store data and so is fundamental to both Web 2.0 and mashup standards.

2.1.1.5 JSON – JavaScript Object Notation

JSON can be used as an alternative to the XML format, particularly used in Ajax-based web application programming.  It is a text-based, human-readable format for representing simple data structures and objects. (json.org 2008)

2.1.1.6 Service Oriented Architecture SOA 

SOA is an increasingly popular approach to the delivery of applications over the traditional client/server method (Wusteman and O’hIcheadha 2006). It can be described as a collection of small scale services which can interoperate with each other to create new applications for the end user.

2.1.1.7  Open Application Programming Interfaces (APIs)

Open APIs allow programmes to use the functionality of a set of modules without having access to all of the source code.  The release of publicly available APIs has precipitated the proliferation of mashups on the Web.  

 “an API provides a mechanism for programmers to make use of the functionality of a set of modules without having access to the source code”. (programmableweb.com 2008)

For a further discussion into the area of APIs, see section 2.2.1.1.

2.1.1.8 Open Source

Open source is defined as“computer software for which the source code is made publicly available under a copyright license that meets an open source definition” (Wikipedia 2008), allowing users to use, change and improve the software, which can then be redistributed in its modified or unmodified form.  

Open source code and software is closely related to the release of open APIs, which allow the user to create mashups without having direct access to the source code.
There are two main categories of open source licences, OSS and Free/Libre Open Source Software (FLOSS). They each grant slightly different rights in regards to both access to the code, permissible changes to the software and redistribution. OSS allows commercial projects and products to incorporate the source code, whereas FLOSS software is available only to those who intend to freely redistribute the altered code (Wusteman 2008), such as the GNU General Public License (GPL).

2.1.1.9 OpenID

OpenID, billed as “a free and easy way to use a single digital identity across the internet” (openid.net 2008), proposes that it should be possible to log in to many different websites with one ID and password, eliminating online paperwork.  OpenID has gained support from several large websites, such as Google, Facebook, Drupal and Flickr.
2.1.1.10 Data portability

Making services and software more flexible for users is central to Web 2.0. The concept of data portability is that users should be able to move and share their identity, photos and other forms of personal data between trusted applications and vendors. The recently founded DataPortability Project’s goal is to “ document best practices for integrating existing open standards and protocols to enable end-to-end portability between online tools, vendors and services” (dataportability.org 2008).
 2.2 Mashups

An important aspect of Web 2.0 technology is ability to mash up existing software, services and/or data streams into new and novel services. A mashup application combines data and/or services from more than one source into a single, integrated tool.
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Figure 2. Simplified diagram showing the concept of how a web mashup is formed

The architecture of mashup web applications is composed of three parts:

- The content provider which is the source of the data. Data is made available using an API and different Web-protocols such as RSS (Really Simple Syndication), REST (Representational State Transfer), and Web Services.

- The mashup site: this is the web application which provides the new service, using different data sources that are not owned by it.

- The client web browser: is the user interface of the mashup. In a web-application, the content can be mashed by the client web browsers using client side web language – for example JavaScript. (Schnell 2007)

In recent recent years mashup editors such as Google’s’ Google Mashup Editor, Microsoft’s Popfly, IBM’s Lotus mashups (previously QEDWiki) and Yahoo’s Yahoo!Pipes have become popular, allowing users to create mashups easily, without any programming.

The recent rapid increase in the popularity of web-based mashups reflects the fact that many websites have made their Application Programming Interfaces (APIs) publicly available, allowing developers to use them in new ways (see section 2.2.1 for a more in-depth discussion on APIs and the technology behind mashups).  Google Maps was one of the first to publicly release its API, and Google Maps mashups are still the most popular on the Internet.  For example, the Irish web site dartmaps (http://dartmaps.mackers.com/) uses the Google Maps API and suburban rail information from IrishRail.ie to show the real-time locations of all DART trains in Dublin, on a map.  Reusing data to create a visual display is typical of current mashups and demonstrates the useful and entertaining nature of mashups.

The dearth of ‘library mashups’ has been a topic for debate within the blogosphere.  The Krafty Librarian asks:

“So what happened? Are the mashers too busy working on their latest creation to be discussing it online? Are mashups still too technical for the average person to create to be popular in the library world? Are librarians victims of their closed systems, thus limiting the amount of mashups created and used?” (Kraftylibrarian 2007)

In response to this, Eric Schnell from Ohio State University (2007) argued that mashups require more open standards and the opening up of APIs from library service providers.  Vielmetti, the editor of the Superpatron blog, echoes this response: “Library systems are woeful in general for being easily reachable by ordinary mortals, in part because the book finding systems in them are designed primarily as hermetically sealed units with proprietary and inward-facing programming interfaces. So there aren't a lot of hooks to hook in on”.(Vielmetti 2007)

However, this situation will hopefully be short-lived.  Roy Tennant recently posted a list of library-related APIs on the TechEssence blog, which includes services, directories, catalogues and mashup tools (Tennant 2008).  There also seems to be an increase in the amount of library-related mashups. 

An example of a mashup with Library software can be seen in the article ‘Using Google Maps as an interface for the library catalogue’ (Vandenburg, 2008), which describes the development of an application for helping users find library material based on geographic subject heading.  It is a good indicator that the library community is embracing the concept of mashups and their applications.  

2.2.1 Mashup related standards 

Since mashups and Web 2.0 are intrinsically linked, they make use of many of the same standards and technologies. Below is a selection of Web 2.0 standards and tools commonly associated with mashups and their creation.

2.2.1.1 API - Application Programming Interface

APIs are a method by which an application can share its functionality without sharing its source code or a detailed understanding of the application’s internal workings.  The availability of APIs has been described as the “single most important development that has led to the evolution of the mashup” (Schnell 2007 p.67). 

Programmableweb.com is a useful website that shows what APIs are available, their basic parameters (the protocols they are based on etc.), and what mashups use them.  It currently lists over 900 APIs, and is a very useful resource for anyone interested in developing a mashup.  

2.2.1.2 REST, SOAP, XML-RPC and other API protocols

REST – Representational State Transfer

REST, “an architectural style for building networked applications” (Fielding, 2000), describes a collection of network architecture principles and an approach to transferring information from one web site or application to another.  Using REST, a dedicated web page that contains an XML file is created that describes and includes the desired content.  To access this information, the content subscribers need to know only the web page’s URL (Uniform Resource Locator).

SOAP - Service Oriented Access Protocol

SOAP is considered to be a more complicated standard for APIs, but is popular nonetheless. SOAP is an XML-based protocol that consists of three parts: an envelope that defines a framework for describing what is in a message and how to process it, a set of encoding rules for expressing instances of application-defined datatypes, and a convention for representing remote procedure calls and responses (W3C 2008).  SOAP allows programs on different operating systems to communicate, using HTTP (Hypertext Transfer Protocol). 

XML-RPC (XML Remote Procedure Call) 

XML-RPC is a lightweight protocol which allows messages to be shared between client and server, using HTTP as the transport method and XML as the encoding.  The framework is independent of any particular programming model.  
These three standards or protocols are the basis for most APIs.  SOAP and REST are the most commonly used in APIs, but many APIs have XML-RPC as the only protocol, so developers must also take it into account (programmableweb.com).

	Protocol
	Number of APIs with support

	SOAP
	209

	REST
	551

	XML-RPC
	33

	Java
	70

	Other
	75


Table 1: Division of API protocols from a total of approximately 900 on programmeableweb.com (Note: some of the APIs are available with multiple protocols)

2.1.1.3 Microformats

Microformats are a “set of simple open data formats built on existing and widely-adopted standards” (microformats.org 2008).  Developers use them to encode additional semantic information in an XHTML page, adding machine readability to human-readable web pages.  This gives the pages meaning beyond their face value HTML elements, allowing them to be consumed, remixed and mashed up.  For example, by adding some semantic markup to a web page that describes an upcoming event, properties such as the event dates can easily be extracted and used by other services and software, like calendars and personal organisers (Suda, 2007).

2.2.1.4 Ajax – Asynchronous JavaScript and XML

This technique allows for asynchronous loading and presentation of web content.  

See section 2.1.1.1 for a more detailed description of Ajax.

2.2.1.5 RSS and Atom. 

RSS (Really Simple Syndication) is an XML-based format that allows websites to create ‘feeds’ or ‘syndicate’ regularly updated content.  Readers can subscribe to feeds and receive full or summarized content with links to the full versions, or the website itself, and other meta-data (Ractham, Zhang 2006).  RSS is the most popular syndication format, although Atom is also popular.  Like RSS, Atom is XML-based, but more standards-based than RSS, and allows for extra structuring of metadata (Wusteman 2008).  

Many different types of media can be syndicated via RSS and Atom formats, including text, audio and video.  Although commonly associated with blogs, syndication feeds can be used in mashups.  For example, syndication feed mashups can aggregate a user’s feeds and present them over the web, creating a personalised page reflecting the user’s interests. 

2.2.1.6 Screen scraping

Often seen as an inelegant solution for mashups, the screen-scraping technique is used when there is no API available, and involves extracting data from the display output of another program.  The drawback of screen-scraping is that the mashup program does not reflect changes to the website and the developer must rethink and possibly redesign their program if the original websites’ content or look changes.

Screenscraping also raises issues about intellectual and other property rights.  Information extracted by screenscraping may not be intended for redistribution, if there is no publicly available API.  For example, Ryanair recently cancelled flight tickets which had been booked by passengers through websites which had screenscraped information from the Ryanair website.  More than 3,500 flights were cancelled as the result of a crackdown on third-party flight price comparison websites.  Ryanair claimed that screen scraping the Ryanair website created pressure on their servers, and violated the terms and conditions of their website.However, in order to avoid this particular problem, other airlines have allowed websites access to their pricing and booking engines (Smith, 2008).

2.2.1.9 WSDL – Web Services Description Language

WSDL is an XML-based service that describes the public interface to a web service. It is often used with SOAP and XML Schema to provide Web services over the Internet. WSDL provides a way to describe XML-based web services regardless of communications profiles (Schnell, 2007).

 2.3 VREs

JISC describes VREs as:

“a set of online tools and other network resources and technologies interoperating with each other to support or enhance the processes of a wide range of research practitioners within and across disciplinary and institutional boundaries. A key characteristic of a VRE is that it facilitates collaboration amongst researchers and research teams providing them with more effective means of collaboratively collecting, manipulating and managing data, as well as collaborative knowledge creation.” (JISC 2004)

VREs are technologies which help researchers collaborate.  A VRE should allow researchers to share data, use of tools specific to their research domain and provide services for communication and resource integration. (Anderson 2007)

VREs should embrace and support the best aspects of virtual learning environments (VLEs), sharing and collaboration applications and social networking platforms, combining aspects of each to allow the user to do everything from one unified interface.  This view of VREs begs comparisons with personalised homepages, such as iGoogle and Pageflakes, where users can choose to display content from websites and RSS feeds on one page (c4lpt 2008). 

Fig. 3, below, shows how VREs can be seen as the intersection of a number of different technologies.
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Figure 3: VREs can be seen as the overlap between Social Networking Platforms, Collaborative Learning Environments, Sharing Applications and Virtual Learning Environments.

The Research Information Network (RIN) has published a framework of principles and guidelines for the stewardship of digital research data (2008), which states the importance of researchers’ access to a variety of high quality data and information and emphasise that this depends on effective flows of information between researchers.  The report also mentions that recent developments in Information and Communication Technologies (ICT) are “facilitating new kinds of research, new organisational models and collaboration across disciplinary, institutional and national boundaries” (RIN 2008, p.3)

VREs should facilitate interdisciplinary research and flows of information to enhance researchers’ experience and the quality of research in the academic community.  VREs make research easier for existing research groups, facilitating the sharing of documents, workflows and communication and improving the research experience and integration of teams, by allowing them to see and comment on each others’ research.

The Joint Information Systems Committee (JISC) has a VRE programme, now in its second phase, developing a framework for the various services required by education and research and creating an architecture that shows how these are linked and can be extended to incorporate new activities.  JISC’s VRE programme intends: 

“not to produce a single complete VRE but rather to define and help to develop a common framework and its associated standards” (JISC 2004).  JISC recommends that a VRE should be modular, interoperable, extensible and based on open standards, all of which are principles of Web 2.0.  

The National e-Science Centre (NESC) has published a report of the working group on Virtual Research Communities for the OSI e-Infrastructure Steering Group (2006), which includes a 2016 vision for Virtual Research Environments and case studies.  This report outlines the desirable capabilities of VREs, the most important of which are community management, support for distributed research and collaboration, personalisation and interoperability (NESC, 2006).  This report also states the importance of user-centred technology development. 

The role of VREs in helping researchers is emphasised in literature, like the NESC report (2006), which defines the goal of a VRE as helping “individual researchers manage the increasingly complex range of tasks involved in doing research” (ibid  p3).

These reports show that the most important of the desired technological capabilities of future VREs are:

· Support for collaboration including wikis, blogs, and support for communication between users, all of which can be facilitated using Web 2.0 technologies.

· Community management - the ability to manage individual communities

· Support for distance research, including finding new researchers and facilitating the flow of information

· Context awareness

   2.3.1 OJAX++

A research team at SILS, funded by Science Foundation Ireland (SFI), is developing a next-generation collaborative research tool called OJAX++.  This study explores Web 2.0 applications, tools, programs and data streams - since there are many available - which might add value to the program, rather than creating new applications. 
VREs facilitate this interdisciplinary research and flow of information to enhance both the experience for researchers and the quality of research. The applications that are chosen to interoperate with OJAX++ and VREs will follow these guidelines.

OJAX++ will use Web 2.0 technologies.  This project explores the potential of incorporating data and services into OJAX++, to give users a richer experience, enhanced usability and easier sharing of ideas.  OJAX++ will incorporate OJAX, an open source federated search tool that supports a range of Web 2.0 standards, such as Atom and REST. (Wusteman, 2008).
2. Methodology and Objectives

2.1 Research Questions and Objectives
This project investigates a range of Web 2.0 technologies in order to determine whether and how they can be usefully integrated with Virtual Research Environments (VREs), in particular the OJAX++ VRE.  The focus of the investigation is on identifying software, services and data streams which can add value to and enhance the experience of using a VRE such as OJAX++.

The main research questions are as follows:

· What types of software, services and data streams are appropriate for interoperating with VREs? 

· What charactersics are required of appropriate software, services and data streams to enable such interoperability? For example, what standards do they need to adhere to?

· How can these software, services and data streams be integrated into a VRE and, in particular, what standards and tools are necessary for their integration?

The main aim of a VRE is to promote the sharing of ideas and collaboration between researchers. Thus, services investigated include those that:

· Enable the creation and sharing of documents and projects

· Aid discovery of researchers with the same research interests

· Aid communication between researchers

2.2 Methodology

The underlying principles directing this project are those of the Web 2.0 concept (O’Reilly,  2005),  namely:

· The Web as platform

· The harnessing of collective intelligence,

· The provision of rich user experiences

· User participation

The methodology for this project is based on use of these principles. They provide a framework for assessing the potential usefulness and functionality of the different services, software and data streams for VREs. 

The methodology involved:
· Review of academic literature –

This included a review of Web 2.0 principles and the technology behind Web 2.0 software, a review of mashups and the associated standards and of the current state of Virtual Research Environments and their desired technological capabilities.
· Practical experimentation and evaluation of existing Web 2.0 and VRE software  
Based on the common software seen in VREs and social networking facilities, specific types of Web 2.0 software were chosen to be explored. The different software was assessed on the basis of functionality, usability, availability of API or open source code, relevance to VREs and the availability of documentation on the software. 
· In order to find relevant Web 2.0 software and services, the following resources were reviewed:

· Newsgroups – In  particular, Techcrunch (www.techcrunch.com),  which contains up-to date information on technology start-ups, in particular in the Web 2.0 area.

· Mailing lists – In particular, the web4lib electronic discussion list (http://lists.webjunction.org/web4lib/)
· Blogs 
· Wikis 
· Websites such as programmeableweb.com and mashable.com which provide regularly updated content on mashable software. Also webmashup.com, which is an open directory for mashups and Web 2.0 APIs. 
· Discussion with other OJAX++ team members researching related aspects of OJAX++ and VREs, in particular with regards to user requirements in VREs (Rock, C.)  and the possibilities of annotation and tagging in OJAX++ (Bjornson, J)
· There was no questionnaire or user study in this project, however the preliminary results of a project investigating user requirements in VREs (Rock, C.) were taken in to account when investigating appropriate software.
The above methods were used to perform the following tasks: 

· A review of Web 2.0 principles and practices, and the technologies which make Web 2.0 applications possible. While the principles of Web 2.0 remain the same, the technology is constantly changing and expanding. Even during a short project such as this, advances occur in this fast-moving field, and it is necessary to keep up to date with these changes during the progress of this thesis.

· A review of the concepts underlying mashups and the technology behind them. The technologies relating to both Web 2.0 and mashups are interlinked.

· A review of the research area of Virtual Research Environments.

· Identification and investigation of software, services and data streams which are both appropriate and applicable for integration and/or interoperation with VREs and which can enhance the functionality and usefulness of the VRE. Given the amount of Web 2.0 applications available, it is important to distinguish the most useful applications.

· A review of the technology involved in each of these examples, with a view to identifying their potential for integration with VREs.

When identifying the applications which are of most use to VREs, the technological compatibility as well as the functionality is taken in to account. Relevant technologies may be combined with a VRE such as OJAX++ in a number of ways; this is also demonstrated.

3. Results

The nature of Web 2.0 is to push for constant change, adaptability and remixability. This ethos and the large number of standards emerging for creating Web 2.0 tools has led to constantly increasing amounts of these on the world wide web.  These new applications include blogs, social networking applications, syndication feeds such as RSS and Atom, search facilities, maps, online word processing and wikis. 

The proliferation of Web 2.0 technologies - and the relative ease with which they can be combined - gives a lot of choice for integration of applications and software with OJAX++.
As OJAX++ will attempt to provide a Virtual Research Environment to a wide range of disciplines, it is important to utilise applications which have been shown to be useful.  If users can access software that they are familiar with within the VRE, they are more likely to regularily use it and try its other functions.

Some of the applications this section reviews are online word processors and office tools, blogs, wikis, feedreaders and instant messaging.  Each of these tools has different software and services related to it, each has benefits and drawbacks.

3.1 Existing VREs and social networking engines, and their associated applications.

In order to determine which Web 2.0 applications were desirable for integration with OJAX++, a review of existing VREs and social networking engines was carried out. VREs, like social networking engines, encourage users to collaborate and interact with each other.  Two examples of virtual research environments, myExperiment.com and Sakai, and one example of a social networking engine, Elgg, and their applications are seen below.

3.1.1 Sakai

While Sakai is essentially a Virtual Learning Environment (VLE), or Collaborative Work Environment (CWE), it has many of the features and much of the functionality of a VRE. Sakai is a Java-based open-source and open-standards based e-Learning system, and comprises a rich framework for tool integration which made it ideal for the JISC Sakai VRE Demonstrator project (2007). This project chose the Sakai framework as a base to create a working example of a VRE, or as a “flexible integration framework for multi-institutional research and research-related administrative services”. (Crouchley et al, 2007) 

Sakai has a set of collaboration tools for groups of peers to work together for example: announcement, chat, discussion and wiki tools.  These tools provide users with various modes of communication and these were aspects which were kept from the VLE.  Some of the typical VLE and CWE elements of Sakai were not deployed, as they did not add functionality.  In addition to these functions, project members on the VRE demonstrator project, tried make it more about research collaboration and resource management, rather than learning.  New tools included: 

· A blogger tool, which is now standard in Sakai.

· The Agora online meeting tool, which allows users to take part in desktop video conferencing.  This also includes functionality, such as a whiteboard, shared desktop, chat and facilities for playing and recording movies.

· The Document management tool for tracking and managing papers which have been submitted to workshops and conferences.  This tool tracks the status of such papers and makes them available to editors and reviewers with a simple workflow.  (Crouchley et al. 2007)

3.1.2 MyExperiment

The MyExperiment VRE is an open source project, drawing on social software techniques, and is aimed specifically at the scientific research community, which highlights the sharing of workflows as its main function.  It is defined as a “collaborative environment where scientists can safely publish their workflows, share them with groups and find the workflows of others” (myExperiment 2008). The myExperiment platform supports the following functions:

· User Profiles and Groups which show information about users and allows them to set up groups - allowing for collaboration.
· Resource Sharing - this includes workflows and files which allow the setting up of permissions for viewing, downloading and updating of resources.
· Tags - myExperiment provides an option to add keywords or tags to each resource, group and pack, allowing for the annotation of available resources and eliminating some of the confusion involved in textual searching.. 

· Workflows and files can be downloaded, and the development of these can be tracked.
· Messaging - there is a messaging system which resembles a traditional email system, but is specifically aimed for internal communication within the VRE.
· News Feeds - myExperiment logs actions that are taken by users and records them in the form of a news feed which can be viewed by other users, allowing them to keep up-to-date with the latest events. (myExperiment)

MyExperiment services are accessible through RESTful programming interfaces and so can be used to augment an existing environment with myExperiment functionality.

3.1.3 Elgg

Elgg is an open source social networking engine licensed under the GNU GPL which has been “designed to run at the heart of any socially-aware application” (Elgg 2008).  

It is a framework for a social network which supports user, object, file and site management and social graph functionality.  The end user features of Elgg include:

· Profiles

· Activity feeds

· Administrative tools

· Blogging

· File repository

· Forums

· Social bookmarking

Elgg’s technical features include an extensible RESTful API with results returned in JSON, PHP or XML, support for RSS for content syndication, and support for dataportability and open source formats.

Each of these software applications demonstrates the core features needed for collaboration:

· Resource sharing, specifically file and document management tools

· Communication tools, such as blogging, chat, email and meeting facilities

· Social tagging and bookmarking functionality - This feature has been reviewed in another project (Bjornson, J, 2008). 

When assessing Web 2.0 software, all of these types of applications were taken in to account.

3.2 Review of Web 2.0 software and applications

3.2.1 Online office tools
Online word processing and office tools such as spreadsheets, written documents and presentations are emerging in addition to desktop office suites and are becoming more popular as they allow users to access documents from wherever they have access to the internet. Many online office tools also allow for sharing and collaboration of documents which would be an obvious bonus in a VRE. The ability to upload, download, share and collaborate on documents is an integral part of research. Being able to do this from the VRE interface would encourage researchers to use OJAX regularly.
Zoho

Zoho is a popular online productivity suite, which includes many different online business and collaboration applications including word processing, spreadsheets, presentation tools, wikis, chat facilities and a host of other facilities. 

Zoho uses Google Gears for online/offline support which makes them a popular choice, and they aim to fully support Google Apps (business applications for email, documents, etc.) in the near future, which would make it easier to share and move information form Google Apps documents.

Currently there are APIs available for Zoho Writer (word processor), Zoho Sheet (Spreadsheets) and Zoho Show (presentation tool). In 2007, Zoho added REST APIs to the existing XML-RPC format, making it easier for developers to read data by making HTTP GET requests to Zoho.

The Zoho APIs have two main categories: Storage API and Remote API.

The storage API can be used to manipulate data in different Zoho services. 

The remote API allows third party applications the use of the feature editor of Zoho services and then push updated content to their own services.

Currently the APIs do not talk deeply to pieces of the documents. The storage APIs allow the user to upload whole documents. To access pieces, it is necessary to use separate techniques to parse and write documents. An advantage of the Zoho APIs is that there is solid documentation on these on their website, which is a great help to developers when they need to implement them.

Google Docs

Google Docs is a free, web-based word processor and spreadsheet which allows the user to share and collaborate online.

The Google spreadsheet data API allows client applications to view and update spreadsheet contents in the form of a Google data API (“GData”) feed. The client application can request a list of a user’s spreadsheets, edit or delete content in an existing spreadsheet worksheet, and query the content in an existing spreadsheet worksheet. 

The drawback to this is that the user would have to have a separate Google Docs account to create the data, which could then be edited from the client application.

The Google Documents List API allows client applications to upload documents to Google Docs and list them in the form of Google Data API (“GData”) feeds. The client application can request a list of a user’s documents and query the content in an existing document.
Scribd

Scribd describes itself as a “document viewer and handling service”. Documents can be uploaded to Scribd, which are viewable by anyone who subscribes to the websites. This could be an issue with regard to collaborative research as often the researchers will not want research publicly published before it s finished. 

The creators of Scribd have also created iPaper, which standardises all document formats into one viewer that can be seamlessly integrated into web pages. They have also released the Scribd platform, which allows any website to display their documents with iPaper.

The Scribd API is a REST-based API which allows methods for uploading, converting, editing, deleting and searching documents. Using the Scribd API, Scribd can be used as a back-end for an application that needs to process documents, without needing to write a document processing system.(scribd.com)

Thinkfree

Thinkfree is a Java-based word processor, spreadsheet and presentation package that also offers Microsoft Office compatibility. 

The APIs available from Thinkfree are the viewer API, editor API and converter API. Using these APIs, the user should be able to add Microsoft Office view, edit and conversion functionalities available on Thinkfree to their website. This will basically allow visitors to the site to directly open Microsoft office files directly from their browser without the need for Office or any other plugins. The most important aspect of this is the ability to edit files directly in the viewer and save them them to the desktop. This puts Thinkfree at a distinct advantage over other online document management services such as Google Docs, especially for document sharing purposes. (Nicole, 2007)

OpenDocument Format (ODF) and Office Open XML (OOXML)

In his book Pro Web 2.0 Mashups, Raymond Yee (2008) describes two open standards for Office tools which can be used to mash up electronic documents. These are ODF and OOXML or OpenXML

ODF

The OpenDocument format is a file format for electronic documents such as Spreadsheets, chart, presentations and word processing documents (Wikipedia). It is a free and open standard under OASIS (Organisation for the Advancement of Structured Information Standards). In addition to using the full code, there are various programs which work as API kits for working with ODF. An example of this is Odfpy (ODFPY 2008) which aims to be a complete API for OpenDocument.

OOXML

Office Open XML is a relatively new ECMA International standard. It is a file format for representing spreadsheets, presentations and word processing documents. Originally developed for the MS Office 2003 XML file formats, it has since been revised.

Zimbra

Zimbra is an online collaboration suite which is also available in an open source edition. Zimbra ZCS does has some interesting features which can be learnt from. The Zimbra API lets developers bring rich content in to the Zimbra Collaboration Suite. 

The developers of Zimbra have developed Zimlets – zipped bundles of content which are deployed to the ZCS server, enabling the server to interact with third party information sources as well as enhancing the UI of the various ZCS applications (Zimbra.com). They are essentially small mashups within the collaboration suite and users can pick and choose which ones they want from a long list. Simple Zimlets can be written using special XML description files. The ZCS 5.0 Open Source download includes Zimlet code for Yahoo!, Flickr, Search and finance web service mashups.

3.2.2 Flickr 

Flickr is a popular photo sharing site which has been extensively used in mashups. Photos are uploaded to the site by users, and can be shared with particular groups, or all users. The pictures can also be tagged with words associated with the picture, and these terms can then be used to search for related pictures. To date, there are approximately 250 Flickr-related mashups on programmableweb.com.

The Flickr API is available in REST, XML-RPC and SOAP formats but an API key is required for access. Once this has been acquired, there is a long list of API methods available to work with. This, and the fact that Flickr has clear documentation, an instructive API explorer which allows developers to try the API through a browser, and examples of how Flickr has previously been used for remixes and mashups make Flickr an excellent application for creating mashups.

Flickr APIs

Photos – Flickr APIs allow you to view, manipulate and search on photo attributes. The attributes are the photos user, the date the photo was taken, the upload date, the list of tags and the creative commons license status.

People and Groups –Every photo in Flickr has an associated user identifier. Once this has been found, it is easy to find other pictures and tags associated with this user. Users can also belong to groups, which in turn can manage collections of shared photos.

Photo Tags – The Flickr API can retrieve tags for users and photos which can then be used to construct URLs to particular photos or photo groups.

3.2.3 Instant Messaging/chat services 

Instant messaging and chat services are real- time text based communication tools, with facilities for conversations between two or more users.  More sophisticated chat services also allow for file- and photo-sharing and sometimes even Voice over IP (VoIP) facilities.  While not ideal for large-scale meetings, as the lag in typing speeds sometimes cause confusion if there is more than one user, they are ideal for direct and speedy communication.  It is often quicker than email and is ideal for collaboration.

Pidgin

Pidgin is a multi-protocol Instant Messaging (IM) client that allows the user to use many different IM accounts.  It can work with both Windows and Unix based systems.

Pidgin works with sixteen IM clients, such as Yahoo!, MSN and Google Talk, allowing users to log into multiple accounts simultaneously, creating a single interface for IM.  It is free software, distributed under the GNU general public license (GPL), which allows the user access to the source code and rights to modify the program as long as the modified code is redistributed.

Meebo

Meebo is a popular web-based IM service that allows the user to access different IM accounts from anywhere with internet access.  Meebo supports several IM clients including Yahoo! Messenger, AIM and Google Talk.

3.2.4 Email
Email is central to work and online collaboration.  As well as using email which is part of a package, it is possible to integrate an email client, or use an application that mashes all of the users’ existing email and IM accounts into one interface.  Below are examples of a popular open source email client which could be used in the VRE user interface and examples of web resources which place all of the users email accounts in one account.
Thunderbird

Thunderbird is a popular, open-source webmail client, licensed under the GNU.  It is a desktop client which can be integrated with external mail systems, such as Gmail and .Mac.  Thunderbird also has a range of add-on applications, for customising the system.

Zenbe

Zenbe is a free webmail service that allows the user to integrate already existing email accounts in one location. 

Services included in Zenbe include calendar, daily agenda, address book and task lists. Zenbe is extensible and allows the user to add modules from third party sources. (Zenbe.com)

There is no API available for Zenbe at the moment, but the developers plan to release one in the near future.  

Orgoo

Like Zenbe, Orgoo is an integrated online communication tool.  It brings together all of the users’ existing IM and email accounts and includes facilities for video chat, video mail, SMS and more.  Orgoo is currently in private beta and so not openly available for mashing up, however the concept of Orgoo and Zenbe illustrate what could be possible for a VRE.  The integration of several mail clients into one could be a good way of attracting users to the mail aspect of the VRE.

3.2.5 Meeting tools

VMukti 

VMukti is a Voice over IP (VoIP) open source web conferencing tool.  It is a free, multi-point total communications, collaboration and conferencing engine, with built-in support for access to platform features, and facilities for widgets for third party websites, desktops and Mobile and IP Phones.  VMukti is an open-source, mashable meeting platform for use at home or office, making it ideal for VREs.

TringMe

TringMe provides a unified platform offering, an offering that integrates all the existing voice and telephony communication devices and opens up new avenues to innovate on such a platform.(tringme.com)
Using simple REST-based APIs, developers can easily add telephony capabilities to their applications.  TringMe’s APIs allow developers to configure and utilise any number of call origination and call termination options supported by TringSwitch (PSTN, Mobile Phones, VoIP apps, IM - Gtalk, SMS-initiated calls, Web applications, Browser, Desktop widgets etc).

TringMe has also open-sourced its flash-based widgets, enabling developers to implement voice in any fashion they like.

Dimdim

Dimdim is a free, open source web-conferencing tool available under the GNU Public License (GPL).  Dimdim allows users to share their desktop, show slides, chat, talk and broadcast via webcam with no download required for attendees.  

Developers who are distributing open source software under the GPL are free to use Dimdim under the GPL License.  If they are developing and distributing open source software under an OSI-Approved License, but not the GPL, and want to link Dimdim's GPL software with theirs, Dimdim provides the GPL License with a FLOSS (Free/Libre/Open-Source Software) Exception. (dimdim.com)

3.2.6 Wikis
A wiki is a tool that allows documents to be written and edited by multiple authors.  They are a forum for collaborative content to which permitted users can contribute to or edit the pages contents.  Wikis can be set up to allow documents to be edited by all users, or by selected administrators only.  The wiki software tracks changes to pages, which makes the document’s creation transparent.  They are a great way to share information between many users in a way that is flexible, dynamic and accessible from different locations.  As a consequence, wikis are often used as knowledge bases in libraries for reference staff in libraries.
A very popular example of a wiki is Wikipedia, the online encyclopaedia, to which anyone can contribute entries.

Wiki can often be quicker and more reliable than email for collaborating on group documents, such as papers or policy documents, as all of the users can view and change the document and see recent changes.  In this way, wikis eliminate the frustration caused whe multiple copies of a document are sent back and forth via email.

PBwiki

PBwiki (short for peanut butter wiki) is a free, hosted wikispace which is available for academic, business or personal use.  
The PBwiki API is REST-based and the results can be returned in JSON, XML or PHP format.  The API can be divided into three main categories:  

· wiki access where the functions are used to retrieve information, 

· wiki modification where the functions are used to update information in the wiki 

· file manipulation where the functions are used to manipulate files on the wiki.

In addition to these API categories, there is an authentication API which allows the developer to determine user identities, who has permission to edit content and also an API to alert when the wiki has been altered. (http://api.pbwiki.com/)
Mindtouch Deki Wiki

Mindtouch Deki Wiki is a free, open source wiki and application platform licensed under the GPL.  Deki Wiki is an easy-to-use, WYSIWYG (What You See Is What You Get) wiki for authoring, aggregating, organising and sharing content.  Deki Wiki is also a platform for creating collaborative applications, or adding wiki capabilities to existing applications.  
The API for Deki Wiki is REST-based and has 99 different methods (dekiwiki.com), allowing the developer access to the wiki’s full functionality.

3.2.7 Maps
Popularised by the release of the Google Maps API, map mashups account for approximately half of the mashups on programmableweb.com.  The earliest mashups, such as housingmaps.com, combined the Google maps API and listings from an American classified ads service, to present locations of properties for rent on a map.  This most straightforward illustration of mashup technology combines a mapping API and a data source, to plot data on a map.  

Google Maps

The Google Maps API allows users to embed Google Maps in external web pages, using a simple JavaScript or Flash interface.  It also allows developers to create new services that mash up data from other sources and the Google Maps API in order to display the data on a map.  The API includes language localisation and geocoding, with facilities for enterprise developers who want to use Google Maps API in an intranet. (http://code.google.com/apis/maps/)

There is also a geolocation API available from Google.  The Google Gears Geolocation API enables a web application to: 
- Find the user's current position.
- Watch the user's position as it changes over time. 
- Quickly find the user's last known position. 
The Geolocation API uses several JavaScript methods as part of the Google Gears browser extension (Google 2008).  

Yahoo! Maps

The Yahoo! Maps APIs allow developers to easily embed maps into their websites and provides a method for creating map mashups. 

There is also a geocoding API which transforms physical addresses into encoded longitude/latitude responses.

They provide three different types of API, a REST based API, a Flash API and an Ajax API.

Each Yahoo! Maps API works in basically the same way.  Using REST, users can plot points on a map with features like custom descriptions, URLs, labels, groups and icons. The data inputs must be formatted in Web-standard RSS format with either longitude/latitude or address information. 
3.2.8 Feeds

Most blogs, major news services and websites with regularly-updated content now provide RSS or ATOM feeds.  Feed readers can aggregate the content of the feeds into a single interface, allowing the user to check news without having to subscribe to email lists or check multiple websites.  

Individual researchers or groups could use syndication formats to provide up-to-date information on their work.  

Google Ajax feeds API

The Google Ajax feed API allows developers to download and publish ATOM or RSS feeds using only JavaScript.  This makes it easy to mash up feeds with web content or mix them with other APIs to create mashups.

3.2.9 Blogs
Blogs are now very popular as a medium for sharing ongoing developments and opinions.  The easy-to-use nature of blogs makes them ideal as a forum for highlighting projects and initiatives and disseminating important information.  The comment feature adds an interactive element to the blog and encourages feedback.  
Blogging can also be an informal way of announcing preliminary research information, upcoming events and results.  The informal nature of blogs encourages readers to comment and share their ideas.  In this way, they are ideal in attracting people of similar interests to interact and collaborate with each other.  

WordPress

WordPress is a popular free web publishing platform.  Wordpress is an open source project licensed under the GPL (wordpress.org), which would make it a useful resource for integration with a VRE. 

Blogger

Blogger.com is Google’s free blogging tool.  The Blogger data API allows client applications to view and update Blogger content in the form of Google data API feeds.  The client application can use the data API to create new blog posts, edit or delete existing posts, and query for posts that match particular criteria.  
The Blogger data API allows the developer to: add a running list of blog posts and comments to a site, create desktop applications or plugins that allow users to create and post entries from the desktop, and create blog aggregator applications.

3.2.10 Searching
Many search engines and websites permit access to their APIs and datastreams to facilitate search-related mashups.  While many of these are research- or library-oriented, they are available to anyone.  Search APIs allow developers to mash search results with other data to enhance functionality for the user.  In the case of VREs, it may be useful to combine several search APIs to return a wide a range of results.
OpenSearch is a collection of simple formats for sharing search results, originally developed by Amazon.  The OpenSearch description document format can be used to describe a search engine so that it can be used by search client applications.  The OpenSearch response elements can be used to extend existing syndication formats, such as RSS and Atom, with the extra metadata required to return search results.
OJAX

OJAX provides a dynamic Ajax-based user interface to a federated search service for repository metadata.  OJAX supports Opensearch.  Using OJAX, it would be possible to search across the institute’s repository data.
Google Ajax Search API

The Google Ajax Search API allows developers to embed Google Search into web pages using JavaScript.  It is possible to embed a search box, or to use the data from a search for remixing to display in many different ways.  The search is performed across a number of different Google search services, such as Google web search, local search, video search, blog search and news search.

The API is based on RESTful principles and returns responses in JSON format.

Amazon

Amazon.com is an online retailer of books, CDs and DVDs.  Using the Amazon web services APIs, in particular the Amazon Simple DB (database) API, users can retrieve information about items stored in Amazon SimpleDB.  The API uses both REST and SOAP protocols, returning requests in XML.  A useful feature of the Amazon API is the ability to search for pictures of the book - typically book jackets - which can provide some visual detail to accompany search results from, for example, Google books or WorldCat.
WorldCat

WorldCat is an online network of library content and services.  It allows users to search collections of libraries all around the world.  The WorldCat API allows the user to find books, videos, music and more from the library database.  It is possible to request the library catalogue URL for a specific library and record and formatted bibliographic citations in an HTML-encoded form suitable for incorporation into a web application.  

The API is available in OpenSearch and SRU, returning responses in RSS and Atom, or MARC XML and Dublin Core, respectively.

LibraryThing

LibraryThing is a social cataloging application, which allows users to catalog and share information about their book collection.  

LibraryThing has three REST based APIs.

The thingISBN API allows the user to submit an ISBN and returns a list of ISBNs from the same general body of work.

The thingTitle API allows the user to submit a title and returns a list of ISBNs, and a link to the LibraryThing work page.

The thingLang API shows the language of a book according to the ISBN.

OpenLibrary

OpenLibrary is a relatively new project, which aims to have a single web page for each book ever published.  While much of the data is currently incomplete, this API will become useful as the pages will contain not only information about the book, but bibliographic data and information about the author.  The API is REST based.

3.2.11 Translation Services
Google Ajax language API

The Google language API can be combined with other services to translate web pages or documents.  It currently supports over 50 languages, and is based on an Ajax API which returns results in XML or JSON.  

4. Discussion

OJAX++ (and VREs in general) intends to present a cohesive research environment that provides tools which will make research easier, and offers opportunities for collaboration both within and between research groups.  Chapter 3 of this project focused on specific areas of applications and software which could be useful in a Virtual Research Environments and discussed some examples.  All the Web 2.0 tools outlined in Chapter 3 could be integrated with VREs, but having assessed each in terms of functionality, usability, availability of applicable technologies and documentation one piece of software has been chosen.  The beauty of remixable applications, especially those with Application Programming Interfaces (APIs) is that they may be combined in any number of ways.  Therefore, possible mashups integrating several different software applications and/or services are discussed.  This study also recognises the limitations of its parameters.

4.1 Software, services and datastreams

Online word processing and office tools

Using proven, popular collaboration applications in a VRE benefits both the developer and the user.  The documentation provided for developers facilitates the development processes, and users may already be familiar with the format.  Zoho’s APIs for word processing, spreadsheets and presentations are ideal for integration into OJAX++.  The ability to easily create and edit documents using Zoho Show and Write APIs directly from the VRE interface would encourage researchers to use the documents for collaboration on papers, proposals etc. Zoho’s APIs are more comprehensive than other examples discussed (Google Docs And Spreadsheets, Scribd, Thinkfree, ODF and OOXML).

Zimbra is a useful online collaboration suite.  It is open source and as such is both customisable and reusable.  The ‘Zimlet’ technology used in ZCS allows the user to pick and choose which applications they would like to have mashed in to the interface.  Having such mashable widgets for OJAX++, from applications such as Google or Flickr, which allow the user to customise their own VRE interface would increase its attractiveness to the user.

Flickr

The Flickr API can be used in many different ways in a VRE.  It can provide an alternative graphical search to enhance typical search-based results.  While it may not be of direct use for academic research, it could be of use to academic bloggers or those searching for images for presentations.  Flickr’s APIs can also be used to search for photographs associated with particular users or dates and so foster a sense of community.

IM and Chat Services

As a real-time, text based communication tool, IM is ideal for quick, easy communication between two or more users. 

Pidgin is an open source tool that supports a range of different IM clients, allowing the user to access existing IM accounts from its interface.

Email

Choosing an email client for a VRE poses the question of whether to have a separate email account for use in the VRE or to integrate existing email accounts.  The best solution at this time is to integrate a system which would create an email account exclusive to the user’s VRE page, which would allow communication within groups and between individuals.  

Thunderbird is an established, open-source email client which would be ideal for integration with OJAX++.  

Services such as Zenbe and Orgoo combine various email systems into one and could be integrated with OJAX++ in the future, but are not yet established enough (no API is available for Zenbe and Orgoo’s is available only in private beta).  A review of this type of Web 2.0 application should be conducted in the future to re-assess its appropriateness.  

Syndication Feeds

News feeds should be created for each user, allowing them to share relevant news (documents, blog entries, search results etc.) with other users.  Atom would be the best syndication formats, as it allows for extra structuring of metadata.  This allows results to be filtered and sorted, and to display the fields appropriately to their function (Wusteman).

In addition to this, OJAX++ should contain a feed aggregator or feed reader - Google Ajax feeds API would be ideal - for users to view content from blogs, news sites, saved searches and many other functions within the OJAX++ interface.  

Blogs
Blogs are an important part of a VRE and integrating existing blog software into OJAX++ would facilitate interaction between researchers.  Blogs are easy-to-use self-publishing tools which allow researchers to express and receive opinions from other researchers.  Blogging can be used both to share information about research and contribute opinions on other peoples’ research.  

Wordpress is the recommended software package for integration with OJAX++.  It is established, easy to use and set up and provides good functionality.  Wordpress blogs can be modified and mashups can be created to integrate with the software itself.

Searching

All of the search facilities referred to in Chapter 3, OJAX, Google, Amazon, Worldcat, LibraryThing and OpenLibrary are useful for VREs.  For VREs to become central to research, they must integrate advanced search facilities.  Integrating book searches from Amazon and LibraryThing and abstracts from institutional repositories using OJAX will help to integrate the library with OJAX++.

As OJAX++ will support OJAX, the federated repository search tool, it will provide access to papers and abstracts from institutional repositories.

Meeting Tools

Meeting tools are a vital application for VREs.  VMukti is a mashable open source video conference software.  Unlike TringMe, which has only made its Fkas-based widgets open source, VMukti is freely available.  

Another open source meeting tool is dimdim, which also allows its users to share their desktops and slides.  

Wikis

Wikis are tools which are ideal for research collaboration.  They allow users to share, edit, review and comment on documents.  Wikis can be important for collaborating on documents, such as reports and policy documents.  

While PBwiki is a popular choice for a wiki, Mindtouch DekiWiki is an easy-to-use, open source wiki with clear documentation which could easily be integrated with OJAX++.

Mapping

It would not be necessary to intrate mapping functionality directly with OJAX++.  However, it raises many possibilities for integration with other services and data streams to create map mashups for use with OJAX++. 

Figure 4 below shows a summary of the software and services which are recommended for use in OJAX++.
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Figure 4: Recommended technology for integration with OJAX++
4.2 More complicated mashups

It is significant that mashups allow not just two, but any number of applications to be mixed together, in any way.  It would be possible to utilise the functionality of several applications to tailor a new application to the needs of OJAX users.

One example could be to combine several search tools.  Using the WorldCat search API it would be possible to find the bibliographic data and availability of a certain book.  Combining this data with images of book jackets from the Amazon API, and reviews from LibraryThing, will provide the user with richer results.  The inclusion of OJAX searching facility also gives the opportunity to search institutional repositories for abstracts and papers.  

This application would be similar to the WorldCat API WordPress widget, created by librarian K. Coombs at the University of Houston.

Another approach could be to create individual profiles for each user or group.  This application would mashup information on the users by searching across blogs, pictures related to them (using the Flickr API), books to which they may have contributed (using Amazon or Google Book search), their location mapped (using Google Maps) and perhaps papers to which they have contributed, by searching the institutional repository using OJAX. All of this would create an encompassing profile for the individual, allowing others users to find out about them, their location and their research at a glance.

Another possibility is to use the Google Language API to translate papers or websites.  Integrated with a search facility in OJAX++, this could be a useful tool, encouraging collaboration and increasing the scope of research for users.

4.3 Limitations of the study

Although this study identifies and recommends several Web 2.0 services and software for integration with OJAX++, it is not a comprehensive study.  Many services could be considered and the changing, expanding nature of Web 2.0 means more services and software continue to emerge.  Care has been taken to select tried and tested services while retaining innovation and usefulness. 

Although VREs use the types of services suggested, one cannot know their full potential until they have been fully integrated with OJAX++ and tested by users. 

4. Conclusions and recommendations

4.1 Conclusions 

This study assesses the potential integrations of existing Web 2.0software into OJAX++, a next-generation virtual research environment.

In order to do this, a review of Web 2.0 is described through the seven principles outlined by O’Reilly (2004). In addition to this, standards and tools associated with Web 2.0 are assessed. As mashups are central to the development of OJAX++ in terms of integration of Web 2.0 software and services into OJAX++, the concept of a mashup is discussed as well as their associated standards. The standards for Web 2.0 are seen to be interrelated; however a distinction is drawn between those that aid Web 2.0 services in functioning according to the principles of Web 2.0, and those which facilitate the exchange of data and information leading to the creation of mashups.

A review of existing VREs and social networking applications, and associated literature indicates the required functionality and software needs of a VRE.

When the required software had been identified, appropriate examples of each of these was presented and assessed. Each was assessed on the basis of functionality, usability, availability of API or open source code, relevance to VREs and the availability of documentation on the software.

Following this review a number of software and services were shown to be applicable for integration with OJAX++.

4.2 Recommendations for further study 

In order to fully understand the usefulness of the recommended software with OJAX++ it is necessary to implement the suggested mashups. Once the mashups have been implemented, an evaluation of user requirements should be undertaken in order to assess the usefulness of the software. Continued exploration into Web 2.0 software which could be useful is also recommended in order to keep OJAX++ current and up-to-date.
VREs should be applicable to the specific subject areas of researchers. This may involve integration of specific software or tools specific to one research area. Once the research areas of users of OJAX++ have been identified, a user requirements study should be undertaken in order to evaluate their needs. While the initial results of a study of user requirements for VREs (Rock, C., 2008) have been taken in to account during this study, it is necessary to integrate the full results of the study when it has been completed. 
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Appendix 1: Software websites.

Sakai - http://sakaiproject.org/portal

Elgg - http://elgg.org/

Zoho - http://www.zoho.com/

Google Docs and Spreadsheets – http://docs.google.com/

Scribd - http://www.scribd.com/

Thinkfree - http://www.thinkfree.com/

Zimbra - http://www.zimbra.com/

Flickr - http://www.flickr.com/

Pidgin - http://www.pidgin.im/

Meebo - http://www.meebo.com/

Thunderbird - http://www.mozilla.com/en-US/thunderbird/

Orgoo - http://www.orgoo.com/Home

Zenbe - http://www.zenbe.com/welcome

VMukti - http://www.vmukti.com/

TringMe - http://www.tringme.com/

Dimdim - http://www.dimdim.com/

PBwiki - http://pbwiki.com/

Mindtouch DekiWiki - http://wiki.developer.mindtouch.com/Deki_Wiki

Google Maps - http://maps.google.com/

Yahoo! Maps - http://maps.yahoo.com/

Google APIs - http://code.google.com/

Wordpress - http://wordpress.org/

Blogger - https://www.blogger.com/start

OJAX - http://ojax.sourceforge.net/

Amazon - http://www.amazon.com/

WorldCat - http://www.worldcat.org/

LibraryThing - http://www.librarything.com/

OpenLibrary - http://openlibrary.org/
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