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1. Background

There are now a plethora of online learning environments and associated tools to support teaching and learning. These include communication (email, discussion boards, synchronous chat), authoring and assessment tools, as well as integrated learning environments such as Blackboard and WebCT. Coupled with this there is now a range of tools to facilitate searching for and retrieving information, including commercial products like Google and subject-specific information gateways. Despite this there is little evidence of wide spread uptake in the use of these technologies within education (Jones, 1996; MacKenzie and Wajcman, 1985; Bijker, Hughes and Pinch, 1987). A recent report concludes ‘amongst the factors that are slowing the uptake…is the lack of a coherent framework within which to evaluate both the pedagogical benefits and the organisational changes required to effectively implement it’ (Britain and Liber, 2004). 
Despite the variety and the potential of tools to support learning, evaluation research shows that it is difficult to encourage authentic virtual learning or collaboration. Discussion board use, for example, often shows a pattern of peak use directly related to teacher intervention or responses to particular ‘hot’ topics. Collaborative group work needs to be carefully set up and orchestrated to achieve desired results and despite this may still end up as a rather stilted collaboration exercise not comparable with direct face-to-face equivalent group work (Jones, 1999). Integrated learning environments are still predominantly used as shells for displaying web pages and rarely get beyond basic information dissemination and administration (Thomas and Wyatt, 1999). With respect to information seeking and handling the sheer volume available to learner/researchers is increasing exponentially, unmatched by the sophistication of the searching and handling tools (Lawrence and Lee Giles, 1999). Information overload, coupled with confusion of where to look, is increasingly problematic and, despite a growth in the range of searching tools and portals, it is not evident that the right information is being dispatched to the right users in a timely and quality assured fashion (Conole, 2002). 

Therefore despite the variety of ICT tools and resource available and the recognized potential benefits of using these to support teaching and learning, practitioners lack the necessary e-learning skills to take full advantages of the potential affordances (Solomon, 2002; Conole and Dyke, 2004) that these technologies offer and complain that support and training in this area is inadequate (Oliver et al., 2002). This report reviews ICT tools and how they are currently being used to support practice and is part of a series of scoping studies which have been commissioned by JISC to inform the development of a funded programme on e-pedagogy for learning. 
2. Scope 

This report provides a selected review and critique of the tools which are available to support e-learning. The review is not intended to be an exhaustive survey of tools but to provide a taxonomy of tools and a synthesis of their characteristics in terms of the ways in which they can support learning. It is intended to form part of a series of reports under the “Tender for the Research Study on the Effectiveness of Resources, Tools and Support Services used by Practitioners in Designing and Delivering E-Learning Activities” bid. The bid aligns with two related studies also commissioned by JISC on frameworks and models for e-learning. 
For the purposes of this report, tools are defined as software applications that can be used to undertake specific activities or set of tasks. Tools enable the user to carry something out and are more generic in nature than resources which revolve around content and are specifically about something in a particular context. Resources may be used in order to undertake a particular set of activities and are essentially ‘learning objects’ such as web pages, databases, video streams or interactive maps. Tools may also be used in carrying out a set of activities and are essentially facilitating applications which are used to undertake the prescribed tasks such as use of search engines, discussion boards, spreadsheets, or media players.
A number of central tenets outlined in the original bid underpin the approach taken in this report.

1. That ‘effective’ practice should have a demonstrable impact upon students’ learning or experience, or at the very least, upon staff practice.

2. That the reports produced by this project (reviews of resources, tools and services for e-learning) together outline the whole process of e-learning and will help to define what makes resources, tools, services and approaches easier to use and/or more pedagogically effective. 

3. That the work will lead to a draft typology, outlining the kinds of approaches that are most effective in supporting practice, which will be tested in the second part of the project.

4. An evaluation of a sample of tools to help the community to understand and select those that are most suitable to support e-learning.
For the purposes of this report the following are used as indicators of impact or change in practice:

· Cited and referred to significantly

· Large scale adoption at institutional level

· Use of the tool developed and adapted to user needs

· Evidence of convergence of tools and standardisation 
· Significant outputs produced by using the tools
· Replacement of particular approaches and practices by new methods using the tools
3. Taxonomy

Laurillard’s media classification was used as a means of classifying the different types of tools which can be used to support e-learning (Laurillard, 2002), which consists of five categories (Adaptive, Narrative, Productive, Communicative and Interactive). The table below classifies the tools according to this taxonomy. Aggregate tools which perform a combination of functions are not considered separately. This includes Virtual Learning Environments and combination authoring tools, as the functions contain in these can be disaggregated into the below.
	Table 1 - Tool classification

	Classification
	Tools
	Characteristics

	Adaptive
	Virtual worlds
Models
	Systems which provide some form of simulation – the environment adapts to the users interactions 

	Communicative
	Asynchronous – email, instant messaging and discussion boards

Synchronous – chat, video conferencing, access grid 

	Focusing on supporting different forms of communication and can be used for a range of functions: brainstorming and questioning, presenting clarifications and explanations, role-play,  private one-to-one mentoring or collection of immediate responses to an idea.
Asynchronous communication tools can be used to promote reflective learning. Discussion boards in particular enable the developed of a collaborative discussion around a series of themes and provide the option of archiving of group discussions. The major benefit of asynchronous tools is that they allow students to contribute to discussions over a period of time and enables small group work and collaboration. 

The benefit of synchronous tools is the immediacy of the communication. Instant messaging and chat for example are quicker than email and can be useful as a means of one, two or three people communicating quickly about something specific.
Video conferencing and in particular use of Access Grid technologies enable real-time multi-site video conferencing and inclusion of multiple communication channels including data sources and images and sound. 

	Interactive
	CAA systems

Search engines

Libraries

Gateways and portals
	Systems allow user to interact or query and get then as a result return information based on input. CAA tools can be used for a variety of purposes such as carrying out surveys or polls or supporting student centred formative or summative assessment. A major benefit is that it is possible to provide immediate feedback on student responses. 

	Narrative
	Text viewers

Image viewers

Audio viewers

Video viewers
Electronic whiteboards
	Systems which present material. More interactive examples include electronic whiteboards which enable group communication and engagement. These can help learners focus and collaborate on certain ideas or processes.

	Productive
	Spreadsheets 

Databases
	Systems which can be used to manipulate data. A specialised example is reference management software which provides an effective mechanism for finding, managing and annotating references.


These are considered in terms of the ways in which they can be used to support e-learning in terms of how they can be used to create pedagogically informed learning activities. Learning activities are defined according to a definition drawn up as part of the JISC/NSF DialogPlus project (http://www.dialogplus.org) and consist of seven elements, four of which are requisite and three are optional (Conole and Fill, in preparation):
1. learning outcomes (required)
2. a set of attributes (required)
3. tasks (required)
4. roles (required)
5. tools (optional)
6. resources (optional)
7. outputs (optional)
This is represented diagrammatically in Figure 1 and each element is briefly described and exemplified below.  Each of the elements with a (+) in the diagram has an underlying taxonomy or set of instances. 
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Figure 1: Learning Activity - Top Level

The essence of a learning activity is that it must have one or more ‘learning outcomes’ associated with it. Learning outcomes are what the learners should know, or be able to do, after completing the LA; e.g. understand, demonstrate, design, produce, appraise. In order to achieve the intended learning outcomes there are a ‘sequence of tasks’ which must be completed. These tasks consist of mini-activities which need to be undertaken within the LA; such as reading paper(s), discussing, accessing database(s), extracting or manipulating data, answering questions, making decisions, etc. Those involved in the learning activity are assigned different ‘roles’ when undertaking these task, where roles are defined as the range of different functions that participants in the learning activity (both teachers and students) undertake; e.g. individual learner, group participant, presenter. The tasks and associated roles undertaken to achieve the prescribed learning outcomes of the learning activity sit within the particular within which the learning activity occurs and this has associated with it therefore a set of contextual ‘attributes, which might include a description of the subject domain (e.g. Physical Geography), the level (e.g. introductory), the learning and teaching context (e.g. distance learning), learning and teaching approaches adopted (e.g. problem solving, collaborative), the perceived skills which will be acquired (e.g. numeracy, critical analysis), the nature of any assessment which will be undertaken (e.g. formative, MCQ), the time anticipated for completion of the activity (e.g. 2 hours), and any associated prerequisites (e.g. first year course completion, database skills).  

In addition there are three optional elements to the definition of a learning activity; namely that it may have associated with it a set of resources, tools and outputs. Resources may be used in order to undertake the learning activity. Resources are essentially ‘learning objects’ such as web pages, databases, video streams or interactive maps. ‘Tools’ may also be used in carrying out the learning activity and are essentially facilitating applications which are used to undertake the prescribed tasks such as use of search engines, discussion boards, spreadsheets, or media players. ‘Outputs’ may result as a consequence of completing the tasks, for example students might contribute to a discussion board, provide answers to a series of posed questions, or produce  an essay synthesising the main concepts being addressed in the learning activity..

We have developed a ‘working taxonomy’ for the attributes, roles, resources and tools elements of the learning activity. A ‘perfect’ taxonomy for describing learning activities is not possible, in part because people’s usage of terms will vary and in part because it will be context dependent. Nevertheless a ‘just good enough’ taxonomy is useful. This taxonomy maps closely with a taxonomy developed by the generic LTSN and also with the current specification for Learning Design. A full description of the taxonomy and a mapping against the LTSN taxonomy and Learning Design is provided elsewhere (Fill and Conole, 2004) but a brief explanation is provided here. The taxonomy consists of the following categories:
1. The environment within which a learning activity occurs (online or via a computer, in a laboratory, in a lecture theatre or seminar room, in the work place or fieldtrip).

2. The learning and teaching context (a discussion, small or large class size, a lecture, a practical session, a seminar or tutorial, a workshop, at a distance, etc).

3. The learning and teaching approaches adopted (problem-based, reflective, constructivist, collaborative, etc)
4. The anticipated skills gained (critical analysis, ICT, literacy or numeracy, communication, self management, etc) 
5. The forms of assessment employed (essay, MCQs,  peer assessment, presentation, etc)

6. The roles adopted by participants in the learning activity (mentor, tutor, peer assessor, moderator, etc)
The types of practices undertaken in learning and teaching which tools can support include: 

· Curriculum design 
· Material and course development

· Delivery

· Communication
· Assessment 
· Management

· Evaluation and quality assurance
These can be mapped against the curriculum lifecycle as illustrated in Figure 2. A clearer understanding and articulation of the processes involved in each of the stages of the lifecycle will help in terms of thinking about how different tools can support each of these stages and the activities involved.  
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Figure 2: Components of the curriculum lifecycle
4. Key characteristics
Sharpe has identified a number of factors which influence how tools can be used to support effective practice (Sharpe, 2004). Making these factors explicit and identifying the strengths and weaknesses of different technologies and the ways they can be used should enable practitioners to make more informed choices of the ways in which different technologies can be used and help guide what tools and resources will be needed to support this. For example understanding the communicative aspects of asynchronous and synchronous tools and their potential for enabling reflection indicates that both have strengths in terms of supporting communication, but that the later may also have greater potential to nurture critical and reflective thinking.  
Sharpe identified five factors which are important in terms of influencing the effectiveness of tools and resources to support practitioners in adopting new approaches to learning and teaching: 

· Accessibility

· Specificity and contextualisation

· Emphasis on learning and learning design
· Authenticity

· Adaptability and ownership

Conole and Dyke identified an additional set of themes which need to be considered in terms of ICT tools and their potential affordances (Conole and Dyke, 2004). They argue that little is understood about the ‘affordances’ of different technologies and, more specifically, how these properties might be exploited in particular learning and teaching contexts

“We believe that a better understanding of the nature and properties of technologies will lead to a more systematic application of the use of ICT for learning and teaching.” (Conole and Dyke, 2004) 
Salomon describes Gibson’s concept of affordances as follows. 

“Affordance” refers to the perceived and actual properties of a thing, primarily those functional properties that determine just how the thing could possibly be used. (Salomon, 1993, pg 51)

Salomon goes on to describe how Norman has developed this concept and, in particular, the notion that the affordances of many objects (such as microwaves, car instruments, etc) often restrict their accessibility to users, arguing that better design of artefacts would make it easier to accomplish certain functions. This concept can be extended and when applied to ICT applications, can have both positive and negative impacts on the users. Pea builds on this in terms of the concept of ‘Person Plus’, which is the concept of cognition being distributed between the person and their environment, and associated artefacts (Pea, 1993). 

Application of the concept of affordances centres around three main issues

· How might the affordances of technologies be articulated? 
· Can these be developed into a taxonomy for ICT?

· How might a critical knowledge and understanding of such affordances be used to support learning and teaching?
The affordances identified by Conole and Dyke are:
· Speed of change
· Diversity

· Communication and collaboration

· Reflection

· Multimodal and non-linear

· Risk, fragility and uncertainty

· Immediacy

· Monopolisation

· Surveillance 
Sharpe’s factors and Conole and Dykes affordances are each discussed in terms of tool use and impact.
4.1 Accessibility
Sharpe identified a number of aspects of accessibility in terms of both the ease of access to tools and resources and the ease of use (including the use of simple, practitioner-focussed language). An important aspect of access is ensuring that people are aware of the tools existence. This can be achieved in a variety of ways – via marketing and dissemination, good location (ie part of a well known and used website, via search engines, through workshops). 

The range of ICT now available offers relatively easy access to vast amounts of information through a variety of different mechanisms. Online access is possible via gateways, portals and websites as well as via knowledge networks and shared communities of users. However, the corollary of this is that there has been an exponential increase in the amount of information and the means of accessing it, which leads to issues of information overload, quality assurance and the need for more critical evaluation. This will require a change in the users’ learning and information analysing skills. The challenge is not in accessing material, but rather in knowing how to use what is available and hence there is a need for tools to enable this process. Perhaps the balance has shifted from “searching” to “selecting”.

4.2 Specificity and context
In terms of specificity and context the more tools can be adapted to specific user needs and personalised the better. This has been important with integrated personal management systems such as Microsoft exchange, where you can tailor the different functional tools of the systems (such as the calendar, email, contact lists, task lists and notes) to both link together and also to provide a personalised view on the system. Similarly a lot of effort has been put into portals and gateways to enable users to personalise them so that they can choose which aspects of the service they see and so that they can be integrated with local tools and resources. 
4.3 Emphasis on learning and learning design

It is clear that tools themselves do not lead to improved pedagogical approaches or changes in practice. What is important is how the tools are used. However, in-built support and guidance can help to guide the user in terms of good practice. At the moment tools mainly offer generic guidance but perhaps in the future pedagogically focused guidance and in-built support could be developed and packaged with frequently used tools. For example simple wizards in PowerPoint offering suggestions of pedagogically effective models of using PowerPoint to support teaching or a tutorial in a VLE providing guidance on using discussion boards to support learning. A tool designed to help with the process of good learning design which has generated a considerable amount of effort is the LAMS (Learning Activity Management System) developed by James Daziel. LAMS provides a simple interface and a means of enabling the user to choose from a list of predefined learning activities (such as brainstorming a concept, taking a poll, working in groups in a discussion forum) and then combining these to produce a specific learning activity. 
4.4 Authenticity
The range of possible experiences and forms of mediated and communication possible through technologies raises issues about authenticity. For example, there may be disjuncture between the mediated ‘reported’ experience and the reality of lived experience.  It raises questions about how one distinguishes between what is real and what is rendered real via the technology.

4.5 Adaptability and ownership

As Sharpe notes there is a close link between the specificity and authenticity and the issue of ownership. She notes the impact and uptake of tools and resource will be closely related to the degree to which they can be customised and personalised by users, stating that practitioner adaptable resources are much more likely to be of use than resources which are complete. A wider discussion of the nature and issues of repurposing and in particular reusing online resources is discussed elsewhere (Littlejohn, 2003). Tools by their nature are more generic than specific resources and hence can be adapted and used by practitioners for a range of uses. 
4.6 Speed of change

An inevitable feature of ICT is that technologies are continually developing in scope and sophistication. A particularly important aspect of this is the prevalence of abundant and rapidly changing information mediated through extensive communication technologies. This has a significant impact on social behaviour and practice in that our world is increasingly constituted by information rather than pre-given modes of conduct. This requires practitioners to continuously reassess their and also the information which is part of these experiences, instead of relying on custom and tradition to guide action.  The immediacy of access to rapidly changing information or events is a core feature of new technologies, enabling unprecedented speed of access to materials and world events as they happen.   However, this speed can also raise issues about quality and lack of authority of sources and lack of reflection. The speed of change may also mitigate again reflective and critical thought, fostering surface approaches to learning.  The issue here is that the speed of change in a world full of conflicting and changing information, this presents a challenge for the educational use of the new technologies. In other words, how can it be used to enable practitioners and students to navigate their way through the myriad of changing information and make more informed decisions? There is also a constant tension and mismatch in terms of the skills levels of students and tutors. Students in some cases have more sophisticated skills levels in terms of use of ICT than their tutors, however these might be skills levels of a particular kind – for example experience of gaming environments, whereas other e-literacy skills (such as critical evaluation of the value of online resources or experience of using office applications) may not be so well developed.
4.7 Diversity 

ICT offers access to a vast range of diverse and different experiences that can inform learning such as foreign websites, access to subject experts, or use of simulations to replicate complex behaviour.  Exposure to the experience of others is a key ingredient to effective learning and a potential affordance of  ICT. 

Boud emphasised the value of learning from the experience of others, of sharing experience and exposing ideas to the critical gaze of the ‘other’.  He argued,

We also need to be challenged so that we do not fool ourselves with our own distorted assumptions or fail to consider new information which is outside our present range of experience.  (Boud, 1993:15).

Information technologies provide a means by which people can be exposed to experiences very different to their own and extend their experience beyond their own communities. 

4.8 Communication and collaboration  

The communication and collaborative abilities of technology present another key affordance that offers the potential for learning enriched by engagement with the ‘other’. New technologies have opened up the possibility of new forms of dialogue and communication. ICT offers the potential to develop new forms of online communities and new means of communicating and sharing information, from signing up to particular mailing lists through to involvement in specialised discussion forums and chat rooms. However, this can lead to issues in terms of individuals being “spread too thinly” across communities, as well as issues of lack of identity and peripheral engagement.  Bauman presents a pessimistic view stating that: 

Unable to stop treading on each others toes in the mega-community, we have stepped into our separate houses and closed the door, and then stepped into our separate rooms and closed the door. (Bauman 1995:45).

This raises questions about the communication and literacy skills of end users and how tools might be used to both assess literacy skills and provide mechanisms for supporting users in using technologies to communicate and collaborate for a variety of purposes. 

The shift away from a focus on content production towards an increasing emphasis on the communicative aspects of ICT, mirrors current thinking in educational research. A review of pedagogic developments in this area has already been undertaken (Thorpe 2002), charting the shift from focusing on individuals to the social context of learning. Thorpe concentrated on the effects of changes in practice which have arisen as the use of ICT has become more widespread. She maps the changes to relevant pedagogical theories, in particular drawing on the notion of communities of practice (Lave and Wenger 1990) and the shift from independent to collaborative learning. 
4.9 Reflection

Asynchronous communicative tools (in particular) offer the potential for encouraging reflection and critique with users engaging in discussions over a longer time frame than is possible in face-to-face discussions. In addition, users are able to access and build on archived material available from earlier discussion. Asynchronous technologies have been used successfully, particularly in the use of discussion forums to support learning, but are also being used increasingly to support the research and teaching activities of academic staff.   The use of CAA tools for formative assessment also has the potential to promote reflection by providing students with immediate feedback on their progress. 

Clearly, there is nothing inherent about ICT that nurtures reflection – the key is how it is used. ICT has the potential to enable reflection and criticality to be enhanced. It presents new opportunities for knowledge claims to be considered and subjected to the critical gaze of much wider and more diverse communities of practice. 

There is, equally, a risk that the speed and pace of information change outlined above militates against reflection.  It leaves no space for contemplation and considered judgement, and promotes a more pragmatic, reflexive immediate response to new information, as it is pixilated across our screens.  This can be said to be particularly true of email, where nowadays users are bombarded with so much information that there is a tendency to skim read and adopt a surface approach in terms of reacting to responses and requests (Gibbs 1992). This view is presented in Lash’s “Critique of Information” (Lash, 2002). Perhaps new forms of reflection and critique will emerge in response to more transitory and digital text.  Though, as Bauman’s (2000) analogy of “liquid modernity” suggests, the shape and form might change. The issue is whether the essential ingredients of modernity, or in our case, learning through technology, remain the same?  At a political level, there is evidence that globalisation has nurtured, rather than stifled, critical reflection and resistance (Stiglitz, 2002; Klein, 2001; Monbiot, 2003).   The challenge, as Laurillard (2002) notes, is how we can use ICT to transform information into “knowledge”, a process which has parallels in Dewey’s (1933) advocacy of critical reflection upon experience to create knowledge.
4.10 Multimodal and non-linear
Another affordance of ICT is the potential for multi-modal and non-linear approaches to navigating through information. The non-linearity of the web (epitomised by hypertext and the use of powerful search engines) leads to the potential for different routes through, and forms of, learning.  ICT enables the learner to move beyond linear pathways of learning, characteristic of, but not exclusive to, behaviourist approaches, and to adopt more individualised strategies and pathways.  Dewey’s (1933) pragmatic approach to experiential learning is more characteristic of non-linear learning achievable with ICT than that of the more prescriptive learning cycle of Kolb (1984).  Yet much current computer-based training material still appears to follow a linear, assembly line, mode of learning. Many ‘e-learning’ packages are built on behaviourist principles of atomised experiences that need to be completed in a specified order before the individual is positively reinforced and permitted to move on – a form of electronic page-turning.  The issue may be whether there is a stark contrast between the method of learning promoted with many computer-based tutorial packages, and the experimental and pragmatic way in which most people acquire for themselves skills in ICT. Multimodal and non–linear learning modes are perhaps an under-utilised affordance of  ICT.

4.11 Risk, fragility and uncertainty 

Giddens defines risk as being different from dangers or hazards in that they are essentially related to the impact of humanity on the world and relate to the consequences of our actions in our world. Risk, therefore, is different from fate or ‘natural’ disasters, it relates to choices people make about avoiding risks or taking them.

‘Manufactured risk means human risk environments or human environments of uncertainty, created by the very changes I discussed in the last lecture, created partly by the advance of science and technology’ (Giddens 1999b:5)

Connected to risk are the unintended consequences of actions (Giddens, 1990; Giddens, 1999a). These concepts are particularly pertinent to the context of information technologies, where history shows that there have been major unintended consequences, i.e. the technologies have not necessarily been taken up or used in the ways originally intended. Furthermore, another aspect of the rapidly changing nature of ICT is that there is an intrinsic level of fragility in digital technologies and networks. These complex systems are vulnerable to abuses, to disruption from viruses and SPAM, or simply to the servers ‘being down’.  The increased use of technologies by different groups of users often gives rise to unintended consequences. For example, the increase in the volume of information available on the web has led to new forms of plagiarism. Ubiquitous use of email has resulted in increasing commercial exploitation and unwelcome mail. There are risks and levels of uncertainty associated with a dependence and reliance on the instantaneous provision of information and communication. The intensification of work (Pollert 1991) and need for immediacy associated with the ‘flexibility’ presented by information and communication technologies, can result in levels of dependence whereby an individual’s success or failure in meeting commitments hangs by a tenuous digital thread.  

4.12 Immediacy

The speed with which information can be exchanged via the web and email has led to a shift in user expectations in terms of response times to requests from other users. This, in turn, has led to a consequential intensification of working patterns, with users being increasingly required to respond almost immediately to requests which, in the past, would have been dealt with over longer timeframes. 

4.13 Monopolisation 

Convergence and divergence of different technologies is increasingly important, leading to issues associated with scalability and globalisation and the underpinning standards needed to support interoperability. There is a tension between the benefits of diversification and sharing of developments, a central ethos of the open source community with that of monopolisation and co-modification, such as the dominance of particular software products to support office applications. 

4.14 Surveillance

New technologies present new means by which those with power can extend their gaze and secure greater knowledge and control over others (Foucault 1979). There is increasing concern about potential infringements on individuals which the infiltration of technological applications make possible. Land (2001), for example, has critiqued the increased default inclusion of monitoring tools within virtual learning environments that mean teachers have the power to monitor student activities more closely than ever before. McKenna (2002) critiques the use of the blind copying function in email being used as a potential power tool unknown to recipients of the main email. Similar concerns are being voiced about many of the new “smart” devices and personal tags which are being included in commercial products that enable providers to target and personalise products more accurately. There are concerns about how these tracking devices might be used for other purposes (such as surveillance) or by other agents. 

5. Tools which have changed practice
The two main advances in terms of the use of tools over the last five years has been the use of tools for presenting and receiving information, and tools for communication; tools to provide different forms of visualisation, to support collaboration or enable more complex cognitive functions are still in their infancy but are likely to form the next major shift in ICT which may be through the use of things like adaptive and intelligent technologies mature.

This section gives some examples of tools which have resulted in a change in practice. Each tool is described along with the ways in which it has changed practice and a critique of why it is effective. The section provides a description of some specific tools and their context of use, which provide example of tools with a specific purpose. The examples are intended to be illustrative in terms of giving examples of tools which are used for different kinds of purposes. The focus here is not to give a list of the most technical advanced and innovative tools but rather those which have had the most significant impact on practice. 

The types of functions and uses of tools (along with generic examples of types of tools which can be used for these purposes) are provided below. The following are a range of ways in which tools can be used to support practice

· Tools for manipulating text and data – Word, Excel and Access 

· Tools for presentation and dissemination – The web, PowerPoint and Adobe
· Tools for analysing data – SPSS, NVIVO and Stella
· Tools for information seeking and handling – search engines, portals and gateways

· Tools for storing and managing information – databases and journals 

· Tools for personal management – diary and to do lists

· Tools for project management – Microsoft project

· Tools for communication – email, chat and bulletin boards

· Tools for visualisation and brainstorming – mindmaps and visual tools

· Tools for providing guidance and support – wizards, help systems and toolkits
· Tools for evaluation and assessment – Perception and web tracking
The best example of the increased use and importance of ICT shift is the now ubiquitous use of the PC as a work tool and the replacement of many traditional work modes of communication, such as memos, with online communication via email. There has been a commensurate growth in the use of technology to support learning, fuelled by the increased use of all-in-one software such as virtual learning environments. The emergence of VLEs in the mid-nineties quickly gained popularity because they offered easy to use, all in one environments to support learning and teaching. Practitioners could easy relate to the different tools which aligned well with their existing practice in terms of preparing, delivering and assessing. There has also been a growth in the amount and variety of resources to support learning and research, through specialised gateways and portals, and niche resource providers. The types of software tools, hardware systems and online environments have also increased in variety and complexity with tools now available to support everything from research publication management to online assessment and monitoring.
5.1 Tools for manipulating text and data- Word, Excel and Access
Word is used ubiquitously by everyone now and has transformed practice radically in the last fifteen years or so, to such an extent that traditional roles have now changed out of all recognition. The most obvious example of this is the death of the secretary as there is now no longer a need for dictating and typing. But word has also changed the nature of practice. The ability to type thoughts straight into a document, to cut and paste and move sections of text around a document, have changed the ways in which we create knowledge. Writing with pen and paper required the user to think linearly, writing only when the text was near completion, in contrast the use of a word processor allows you to think non-linearly and to adapt and develop ideas as they emerge. Other features within word are also important. In built spell and grammar checkers means that it is no longer necessary to have an excellent command of English. Therefore word (as with many of the other tools discussed here) forms part of our distributed cognition (Salomon, 1993) or Perkins notion of Person-plus (ie that our ‘intelligence’ is distributed between our minds and past experience and a range of mediated tools and resources) (Perkins, 1993). 
This also enables us to build on previously created documents and to cut and paste chunks of other people’s materials. This raises issues about authenticity in terms of who’s knowledge is it; academic and student plagiarism are now major concerns, but it also raises questions about the value and worth of knowledge, if information is so  freely and readily available what is its inherent worth?

Word and other presentation tools now means that there is a general expectation that materials will be glossy and well presented. However there are issues here in terms of a need for criticality – ie a well presented document doesn’t necessarily mean that the content is good. This raises questions about critical reviewing and quality assuring materials and the level of authority of the documentation. 
It is also worth noting that most users only use a fraction of the features available within a modern word processor – using only those functions which are most relevant to their needs. This is a common feature of tool use in general, namely that there is a trade off between the amount of time needed to learn to use a particular package and the perceived benefits to the user. An issue with this is that it is not always possible to predict in advance which features users will find most useful. This is further complicated in that use of a tool often changes over time as users become more familiar with it and think of new uses; ie there is a relationship between the tool use over time and changing practice.  

In terms of document sharing and collaboration a valuable feature of Word which is being used increasingly is the ability to track changes and have multiple authors annotate documents and add comments. This collaborative working is becoming more common and is changing practice in terms of the way users are starting to develop and share ideas. 

A significant barrier to the use of word processors when they first emerged was the difficulty of sharing documents between different versions of the software or between different software applications. Not only is this no longer an issue but the level of inter-change and the ability to manipulate and transform data is now much more sophisticated; material can be easily transferred between Word, Excel, PowerPoint etc. 
In terms of mathematical manipulation, spreadsheets and databases have transformed practice by providing mechanisms for dealing with data and taking over a lot of the mundane and routine calculations. Spreadsheets are used extensively in teaching, particularly in the Sciences but are also used for administration and for assessment purposes. A more specific example is the developed and use of subject-specific tools, such as Maple. Maple is a tool for enabling students to do complex mathematical calculations more easily. However, there are some concerns that the use of these types of tools will lead to students loosing general mathematical manipulation skills. Therefore as with word, calculators, etc there is a trade off between the support that tools can provide and the skills students and tutors need in order to use these. 
5.2 Tools for presentation and dissemination – the web, PowerPoint and Adobe
Like word, PowerPoint has transformed the way we create knowledge and in particular how we present information and findings to others. An important aspect of this is the ability to build on and adapt previous presentations. PowerPoint also has in-built wizards which provide skeletons for different types of presentations and the kinds of headings which might be useful in each case. Clearly these wizards are useful but by their nature they can also have a significant influence on the approach adopted by the user, directing them towards a particular type of approach.  
The web is now used routinely in education to support learning and teaching activities for a range of purposes, from searching for information or resources, to booking events or travel. The core benefit of the web is that it is easy to use, and provides access to vast amounts of information. Fundamental to this is the usefulness of the web depended on there been access to a critical mass of resources of relevance to end users. This was achieved surprisingly quickly after the release of one of the earliest web browsers, Mosaic. The key to achieving this critical mass so quickly was that creating and publishing materials was relatively easy and hence it was possible for practitioners to create websites themselves rather than having to go through an intermediary, such as a publisher or technical support contact. However, again this raises issues about the quality of materials produced and the lack of mechanisms for editing and controlling documentation. 

An interested development in presentation of material has been the emergence of pre-packaged systems such as Adobe. PDF files maintain the format and look and feel of a word processed document, but also importantly offer a degree of security to the author as PDF files can not be edited. 
5.3 Tools for analysing data – SPSS, NVIVO and Stella
There is a wide range of software available to facilitate research.  Specialist statistical packages such as SPSS can support quantitative data analyses, enabling researchers to focus less routine calculation and more on the analysis of statistical outputs.  Computer-assisted qualitative data analysis software (CAQDAS) facilitates management of data sets from large-scale projects, from coding through to sophisticated analysis and modelling.  Tools for qualitative analysis such as NVIVO allow the user to manage large quantities of text, enabling them to code, sort and present the text in a multitude of ways, allowing them to make richer interpretations of the data than might have been possible when sorting through piles of paper text. 
Stella is an example of a tool which can be used to develop and trial models and simulations. It has a number of interfaces and can be used to develop and run models across a range of subject disciplines – for example a model to study the impact of drugs on the body, the effect of pollution on the ecosystem, or changing drivers and enablers for institutional change. 
5.4 Tools for information seeking and handling – search engines, portals and gateways

Search engines, portals and gateways are an important category of tools to help make sense of the vast amount of information available over the Internet by provided tailored views or access to sources of information. 

The distinction between gateways and portals is not entirely clear cut, for the purposes of this report gateways will be taken to refer to windows out onto a set of resources whereas portals will be reserved to indicate tools which define and structure resources and information associated within a particular organisation or service. In contrast to search engines, gateways provide a quality control checking process. Gateways provide a structured view onto particular sets of resources. One example of a gateway is the Social Science Information Gateway (SOSIG) which gathers information on resources relevant to the Social Sciences, tags and categorises these and provides a brief abstract on each resource along with a link. The system includes two levels, the first is a national network of subject experts who search for and describe resources in the subject areas covered by SOSIG. The second level is an automatic tool which harvests further resources linked from the initial set of resources catalogued by the subject experts. SOSIG is an interesting example of a tool which in essence can also be considered now as a national service. 
Portals also provide customised views of a particular set of resources, but are often associated with presenting information about a particular organisation or service. For example Institutional portals provide a structured view of information held about different aspects of the organisation and the people who work there. Portals can provide different views for different users. Universities now have institutional portals as standard and a series of different views – for example a perspective student would be guided towards general marketing about the institution and information on courses and the enrolment process, whereas existing students and internal members of staff would be given a view which provided links to departments and their resources, university events and staff contact details. 
5.5 Tools for storing and managing information - databases and journals

Bibliographic software facilitates powerful online literature searches online. Interactive e-journals are changing the nature of academic discourse and the relationship between authors and referees (Hey, 1997, Ingraham, 2000), similarly specialised gateways such as SOSIG have emerged which help to categorise resources but raise interesting questions about quality control and scope. Free academically owned publishing mechanisms such as ePrints are now becoming more respected and referenced within the research community, but what how does this impact on the future of more traditional journals?  

An example of a tool which illustrates the power of interactive journals is the Journal of Interactive Multimedia (JIME) which allows authors and referees to engage in a detailed debate on a submitted academic paper online (http://www.jime-open.ac.uk). After a period of time the paper is accepted and the paper and the commentary are made available publicly so that others in the community can join in the debate. 

There are also a number of important tools for managing information and documents. Documents can be managed within the Windows environment into folders, Endnote and reference manager as examples of document management tools which are specifically designed to help managed research papers and references. They consist of a database in which information about papers can be stored and easy ways of searching and retrieving references. The most powerful aspect of these tools however is the way in which they can easily integrated into Word. 
5.6 Tools for personal management - diaries and to do lists

Email systems typically now come bundled with a range of tools to support personal management. For example, Microsoft exchange includes a diary tool, a task manager and an address book. These integrated tools are fundamentally changing practice and the ways practitioners manage their time and activities. Therefore an activity in an email can be translated into a action point on the ‘to do’ list, contact details can be searched and used easily and events and appointments can be entered on the calendar all within one system. In addition these tools also have the potential to be shared so that groups can share diaries and make group appointments. 

In addition to personal management a range of tools for managing groups of users, for example cohorts of students, are now emerging. An example of this is Co-tutor which has been developed in-house at Loughborough which provides a mechanism for managing all the information available in the institution about students (such as attendance, performance, unit choices, etc) as they progress through their courses. 
5.7 Tools for project management – Microsoft project 
The types of tools prevalent within a particular sector tend to be closely aligned with the types of activities undertaken by that sector. Therefore tools for managing and presenting information and for providing different forms of communication are important within the education sector. In contrast in the business world where there are often global teams working on joint projects – tools for collaboration and for document management are also important. One tool which has transcended across from the Business domain is project management software. This is probably because project management has become increasingly important within education over the last five years, as institutions top up their income through externally funded projects and consultancy. The nature of this type of work is different from the core business of teaching and focuses around specified projects with an associated set of milestones and deadlines. 
5.8 Tools for communication – Email, discussion forums and chat 
As with the web, the importance and wide-scale adoption of email as a tool for communication required a critical mass of users to make it useful. An additional push was the fact that email was adopted and instigated at institutional level and hence quickly became routinely used for supporting all aspects of the business – teaching, learning, research and administration and effectively replaced the memo as the main communication tool between staff. One of the benefits of the use of discussion forums is that they provide a means of extending face-to-face discussions, or encouraging reflective thinking or providing opportunities for small group work or collaborations. Chat fulfils a different function in terms of enabling real-time synchronous discussions. The length and detail of discussion within chat differs to the more reflective and in-depth discussions which can occur in discussion forum, but can be valuable for supporting interaction across small groups. 
5.9 Tools for visualisation and brainstorming – mindmaps and visual tools
Digital cameras are now reasonably cheap and are rapidly replacing traditional cameras. Tools such as Adobe photoshop and PaintShopPro are packages which can be used to manipulate digital images and present different views and forms of visualisation. 

Another important category of visualisation tools is the software now available to create electronic concept maps and mindmaps. These have become increasingly important both in terms of practitioners using these to develop ideas and prepare materials and also directly with students in terms of taking forward and discussing issues and ideas. 

5.10 Tools for support and guidance - in-built help, wizards and toolkits
Most commercial software now comes with some form of in-built help system and reference manual. In addition many also provide template or how-to wizards to guide the user through a particular set of activities. Word’s paper clip and Powerpoint’s template presentations are good examples. As a consequence practice has shifting from a culture of reading the manual of instructions to a just in time culture based on immediate need. A wizard is a software tool that makes decisions on behalf of the user, based on solicited information and drawing on pre-defined templates. In most cases, the way in which these outputs are generated is hidden from the user. As a result, it is easy to use, but restrictive in terms of the type and variety of potential outputs or ways in which the user can interact with the tool.
Another type of guidance tool is exemplified by a tool for guiding practitioners through the process of learning design called LAMS (Learning Activity Management System) developed by James Daziel. In this instance the tools is organised so that users can pick and mix different types of learning activities. The DialogPlus project is has developed a specification for a learning activity design toolkit which aims to guide practitioners through the process of developing pedagogically effective learning activities and appropriate use of relevant tools and resources (Conole and Fill, in preparation). Littlejohn and McGill (2004) have identified lesson plans as an important category of resource which are used commonly in schools and FE (and to a lesser extend in HE). They state that resources ‘are particularly useful within the context of staff development, since they give insight into different educational approaches’. Therefore tools like LAMS are useful in terms of guiding practitioners through the production of these lesson plans. 
Another category of support tool is ‘toolkits’. “Toolkits” are decision-making systems based on expert models, positioned between wizards and generic conceptual frameworks which can provide a theoretical overview of an area and hence be used as a point of reference for decision making. (Conole and Oliver, 2002; Oliver et al., 2002). 
Frameworks, toolkits and wizards lie at different points along a continuum, with open but unsupportive theoretical maps at one end, and restrictive but easy to use software ‘black boxes’ at the other. No value judgement is made about which of these points is ‘best’ for users; clearly, each is suited to supporting users with different needs and varying levels of expertise. By definition, all toolkits include an expert model of a process derived from recognised theory and best practice. This provides a manageable process, supporting the implementation of performance monitoring systems. Furthermore, by providing a common conceptual framework (particularly one in which multiple interpretations of terms can be negotiated and agreed), it becomes possible to define and establish standards.
A toolkit provides a structured resource that can be used to plan, scope and cost an evaluation. By providing increasingly detailed layers of information, the user can follow up relevant issues when and if such detail required. In addition, by providing a simple, logically organised structure toolkit help to reduce the time required to plan work of this type. Toolkits are designed to:

· be easy-to-use for practitioners

· provide guidance, but not be prescriptive

· be adaptable and easy to customise to the local context

· provide a comprehensive resource of relevant material

· provide demonstrable benefit to users
5.11 Tools for evaluation and assessment- Perception and web tracking tools
Monitoring users online and in more specifically tracking and assessing student activities are an important part of the educational process. A number of tools have become popular in recent years for online assessment, Computer Assisted Assessment (CAA) including the in-built assessment engines in VLEs like Blackboard and WebCT and more specific CAA tools such as Perception. There appears to be a marked subject differences in terms of the uptake of CAA and the ways in which it is used. In languages CAA is often used for diagnostic purposes whereas in the Science and Engineering CAA has been used for a range of summative and formative purposes and a number of disciplines have produced shareable national questionbanks of items and surveys. Amongst the perceived benefits of creating online assessments is the reduction in marking of assignments by tutors and the ability to reuse developed items.
An additional important function is the ability to monitor and track students online. Many of the VLEs have in-built tracking facilities which record which pages students have visited and for how long. Also the imprint left of discussions in different tools – such as discussion boards, mailing lists and archived records of chat sessions can be used to analyse student interactions and track their learning and progress. However there are some concerns in terms of the research issues of what information can be gleamed by analysis of the content alone (Conole et al., 2004). 
6. Factors influencing the uptake of tools
There are a number of common characteristics across these tools which give an indication of why they have had such a significant impact on practice. The table below lists the success factors and barriers which are indicators of the reasons for why particular tools are or aren’t successfully taken up. Not all indicators need be present, in some cases it will be the perceived ease of use and the ready availability of a tool which has led to the uptake of a tool, in other cases it will be the fact that it has become a de facto standard and therefore adopted as a core institutional tool (as is evident with Microsoft office software). 

	Table 2: Factors which influence the uptake of tools

	Success factors
	Barriers

	· Easy to use

· Cheap

· Recommended by or used by peers
· Support providing in the form of a workshop or one-to-one mentoring

· Closely linked to user needs and requirements

· Obvious benefits

· Provides a solution to a problem

· Integrates with existing tools and resources

· Interesting or fun?

· Support by a vendor

· Open source


	· Expensive

· Difficult to obtain

· Complicated to use

· Doesn’t link with existing systems

· Too many functions or too much information

· Risk of systems breaking down 

· Increased risk where the tools become mission critical


Appendix A – Tools used in the business sector
Additional tools which are not current prevalent in tertiary education but may become more important in time. 
	Table 3: Additional tool types

	Tool
	Uses

	Electronic meeting software
	Can help global teams set goals, record ideas, share ideas and make key decisions.

	OurProject.com
	Tool for collaborative project management including storing and communicating project data, predicting project costs and assigning tasks

	Documentum’s Collaboration Edition, which includes Team Manager
	Supports teams through a project lifecycle by using real-time chats, whiteboarding, threaded discussions and other collaborative tools to track schedules, manage resources, address issues and create deliverables.

	TEAMThink from Athenium
	Used by the Army to help team members focus on key questions and concerns.

	PlanView
	Enables team members to share data at different levels of granularity, negotiate work schedules, send review reminders, track documents, check on the status of projects and processes and assign roles.

	TeamSite from Interwoven and Entopia’s Quantum Collaborate
	Document collaboration 

	Groove
	Supporting peer-to-peer technology enables learners to hold group meetings, write and edit documents and turn in assignments electronically. Users can open additional windows on their computer screen and discuss edits, collect additional information and view shared data. Users can continue their work off-line, and it is automatically updated as part of a shared workspace when they log back in



	Annotation tools -  iMarkup
	Enables collaborative review and allows team members to highlight information and make notes

	Electronic book tools – MetaText
	Enable students to highlight sections of digitized books as well as letting instructors leave notes for students without marking on a physical copy

	visual representations of ideas, ThoughtShare
	A knowledge management tool that visually represents favourite web links for others to browse and explore. Allows learners to visually represent, organize, annotate and distribute their web journeys and personal perspectives.

	WisdomTools - collaborative and facilitated scenario learning tools.
	Scenario-based simulations learners can test their new knowledge or skills in a safe environment. Learners can be exposed to potential cultural or job-related situations before they are given additional duties or are transferred to a different region or country. 



	Collaborative assessments 
	Collaborative forms of assessment require learners to negotiate solutions with peers and team partners

	Collaborative tools for developing communities of practice
	Online communities of practice can build relationships between learners that foster identity and a sense of team success. 
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