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Abstract: This paper presents a proposal for open Universities based on Neomillennial Learning Styles and Mobile Learning supported by Multi-Agent Systems and Ubiquitous Computing. Open Universities’ infrastructure, design, methodology, implementation, models for communication, as well as inter-disciplinary exchanges are discussed. Live Research is suggested as a solution of moving from Traditional Technology to Innovation Technology based on Real Time data for Interaction Design. The propositions are built on existing suggestions regarding approaches and systems and are available at the present time, focusing on providing an environment where the learners feel safe to unfold their full potential. The proposal draws on existed propositions multi-agent based approaches Gaia and PARADIGMA and Agent Argumentation Based Negotiation. 

Coming Soon
The rapidly increasing complexities of everyday environment make people adjust to fundamentally new sets of living in one lifetime. Mobile wireless devices (MWDs) allow the users to access every type of data service anywhere (Dede, 2005). Ubiquitous computing sees computers as part of our lives in the sense of disappearance from our environment as well as being omnipresent. One of the main principles in Ubiquitous Computing is that computers will not be more mobile than they are already, although the information will (Ziveldis, 2004). Nowadays, we have the opportunity to unfold our multiple identities as socially intelligent beings by virtual presence, connected into social networks via letters, phones, emails, discussion forums, blogospheres, instant messaging, wikis, multi-player games, Peer-to-Peer (P2P) Networks for shared documents repositories or general Social Network Sites. The BCS’ Grand Challenges in Computing Research (Cambridge, 2005), emphasised that the researchers need to take the responsibility for the future of their disciplines. Seven Grand Challenges were identified for the coming years in Computing: science for global ubiquitous computing, scalable systems, journeys in non-classical, non-sequential computation, in Vivo – in Silico (iViS) systems, dependable systems, managing information over a human lifetime and the architecture of brain and mind (Bradbury, 2005:36-37). The ‘Semantic Web’ (Berners-Lee et al., 2001) and ‘The Grid’ in CERN promise to structure the web with a service for sharing computer power and data storage allowing new technology to comprehend the syntax and the semantic level. Thus, interoperability for systems accessibility could suggest new inventions for existing problems and support networks design that can expand and handle a growing number of devices. 
Independence of time and space and accommodation of different learning styles made distance learning and Open Universities attractive. Open Universities combine on/off site access of facilities as Campuses and eCampuses coexist. In 1995 Glen Jones founded the Jones International University based on his old dream for education for everyone; same thought from Tim Berners-Lee, the inventor of the Internet for access to everyone. Leicester’s De Montfort University introduced a personalised web portal, allowing 27,000 students and staff access to relevant study information. Swiss Virtual Campus became one of the best eUniversities in the world within 2 years based on universities’ collaboration and existed technology providing the users an immediate space of use. The UKeU eLearning £50m disaster of taxpayers’ money dangles on the other side of the pendulum. The questions about users’ needs, concerns over marketing, kind of courses and which universities will sign up and for what policies, purposes and practices were not considered as the MPs allowed a £14,5m technology platform, inherited a narrowly-focused eLearning definition and chose to pursue that approach. The enterprise was based more on anecdotal evidence than systematic analysis (Samuels, 2005 & 2005b). Open Universities now use internet-based networks and learning management systems for Distance Learning (e.g. First Class, Blackboard, Sara or WebCT, and open source Dokeos and Moodle). Although these systems helped the expansion of online courses and provided social contexts, a great deal of limitations discouraged adjustment to Neomillennial learning styles. Learning specialists consider that a narrowed instructional teaching style is not efficient anymore, especially for ‘Millennial students’ who were born after 1982 (Dede, 2005). At the beginning of the 21st century, Open Universities created limited adjustments to new possibilities Ubiquitous Computing provides. Users’ heterogeneity and excessive information indicated the need of a new approach predicted by Maes (1994). Little research has been conducted towards the use of multi-agent systems in distance education. Agent systems as autonomous, proactive, reactive and adaptive, exhibiting distributed, parallel and emergent behaviours functioning in social sensitive intelligent networks might be the best available solution. From the Intelligent Agents’ point of view, standardizing data structures and recommendations already exist for (a) eXtensible Markup Language (XML); (b) agent communication language efforts such as Knowledge Query and Manipulation Language (KQML) (Finin et al., 1996) and the Foundation for Intelligent Physical Agents’ Agent Communication Language, FIPA ACL; and (c) the Resource Description Framework (RDF). Research in agent technology applications for education has been conducted over the past few years (cited in Lin et al., 2001). Agent components could enhance modularity, speed, reliability, flexibility and reusability (Wooldridge and Jennings, 1999). They meet the demands of the individuals, use services of the Web information systems and achieve interoperability of these systems (Whatley & Beer, 2002). Context independence and interdependence, flexibility, mobility and reusability are common principles in both computer-based education and agent systems. 

Neomillennial Learning Styles in a Ubiquitous World 

‘The Old Computing is about what Computers can do, the New Computing is about what Users can do’ (interview with Ben Shneiderman; Preece et. al, 2002:458). Users juggle more than one tasks, simultaneously doing homework, listen to Mp3s or chat with friends (Dede, 2005). Critical thinking is enhanced by comparison of multiple sources of information, individually incomplete and collectively inconsistent. Chris Dede tried to define new ways of acquiring information for learning and introduced the Neomillennial learning based on multiuser virtual learning environments and augmented realities that are supported by the physical plant, technology infrastructure and research: ‘This induces learning based on seeking, sieving, and synthesizing’. Individualisation of educational products and services tailored to their individual needs, considers equal responsibility between the learners and the facilitators. Neomillennium learning styles suggest that the following may emerged cross-age learning styles: (a) Fluency in multiple media and in simulation-based virtual settings; (b) Communal learning involving diverse, tacit, situated experience, with knowledge distributed across a community and a context as well as within the learner; (c) A balance among experiential learning, guided mentoring, and collective reflection; (d) Expression through nonlinear, associational webs of representations; and (e) Co-design of learning experiences personalized to individual needs and preferences. The characteristics of immersive mediated interaction between the Neomillennial users and the emerging media suggest equal consideration on Sociability and Usability (Preece et al, 2002) and their interdependent attributes. 
Self-Organized Learning in Social contexts (SOLOS): a Neomillennium Learning Strategy 

In the post-modern conditions for education, the concept of the ‘enlightened student’ for autonomous/self-directed/flexible life long learners (Edwards & Usher, 2000: 55) weaves the canvas of the personal created through dialogue (Clegg et al., 2005). Social cognition has its roots in social psychology which attempts ‘to understand and explain how the thoughts, feelings, and behaviour of individuals are influenced by the actual, imagined, or implied presence of others’ (Allport, 1985). Immersion starts with setting group intention even before the formation of the group. Asymmetrical relationships of ignorance and expertise have a tension to be aligned based on awareness, empathy and mutual trust to support community knowledge building. Community and knowledge building in online courses were studied under the perspective of ‘immersion’ and co-presence’ (Beer et al., 2003). Presence (being located in an environment) and co-presence (being located in an environment with others) promotes reflection in learning in the search for personal meaning and understanding. Knowledge is synthesised through re-evaluation using other members’ experiences by undertaking association, integration, validation and appropriation (Bound et al., cited in Beer et al., 2003). Tough theories (1971) advocated self-directed learning as being fairly common in its incidence across most social groups. The personal and the social are the two levels of Emotional Intelligence (Goleman, 1998), or according to Gardner (1992) the intrapersonal and interpersonal. Intrapersonal Intelligence as the first level of Emotional Intelligence is related to self-organised learning (Harri-Augstein, 1991) since the learner is assessing him/herself via self-awareness, self-directing, self-regulation, self-critical and self-motivation before externalisation. On the road to immersion as active engagement, the learner defines his/her own purpose, strategy, outcome and review in a reflective way. Therefore, Self-Organised Learning in Social contexts (SOLOS) strategy indicates clearly that the individuals are responsible for their own decisions on what to select, think, reflect, evaluate and act next. So, SOLOS strategy negotiates on two levels:

(i) Internalisation of social construction of meaning via (a) Self-observation that aims at the development of the learners’ self-awareness, regarding learning (Bekoff, 2002). Learners, observing themselves as they are, in a healthy environment without competition and struggle, the learners do not form blocks of separation from the learning community; (b) Observation of the ‘Object’: eLearning material and community members as models of behaviour and (c) Perspective taking, mimesis of the language exemplified in the Object (Auerbach, 1953).

(ii) Externalisation of meaning in the form of outer self-explanation and self-expression via interaction. 
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Figure1: Self-Organised Learning in Social contexts (SOLOS)
Figure 1 describes the Neomillennial eLearning LPP as (a) Participation as lurking within the community in order to develop awareness for the context and the members, empathy and trust; (b) Socio-cultural Learning via retention and reflection and (c) Public Participation as posting. Thus, the steps for participation and engagement are: (a) lurking as participation; (b) low, medium and high levels of activity and (c) immersion with the community. This structure suggest the social contribution paradox: public participation is prerequisite although necessary.
Neomillennial eLearning Environments

eLearning Environments infrastructure needs to support Neomillennial Learning Styles. The great amount of structured and unstructured information in αUni databases are integrated and structured for information retrieval supporting assessment on demand. Structured eLearning material are organised in flexible and scalable natures and unstructured information on enquiry and content management systems for text tagging. Intelligent agents create personalized course materials based on the Semantic Learning Object Networks (SeLON). Problem-based learning style with real life case studies has been successfully trialled by Beer et al. (2003). Learning Objects as reusable components in knowledgebases suggest ways of standardisation work for metadata and learning object packaging (ADL). Hence, an LO is modelled as the smallest stand-alone and meaningful component of a course that is interoperable, modular, and discoverable and it can be any entity, digital or non-digital, that may be used for learning, education and training (IEEE). The principles are: reuse and repurposing, match decoupling concept for modularisation and breaking the whole into units designed to ease restructuring (SCORM). LOs’ packaging involves semantic and descriptive metadata ‘wrapping’. Therefore, SeLONs can be stored in object-oriented databases structured in Course, Unit and Object sub-repositories, organised with metadata, are searchable and retrievable. A Semantic Database (SeSQL) utility can generate XML code from SQL query result. As such, the LOs in SeSQL can be employed among different online courses, supporting adaptive curriculum generation, for multidisciplinary and cross-curriculum access. Semantic Information Identification and Extraction techniques for content management systems allow the stakeholders to extract valuable knowledge from text-based interactions. Backgrounding and forwarding information involves identifying keywords (tokenizing), finding patterns of keywords and deriving semantics for taxonomy designed from textual inputs generated by users. Mapping knowledgebases has two main points of action: (a) extracting content posted by community members, and semantically analysing it and (b) immersion analysis to find the actors of the community based on Social Network Analysis (Lambropoulos, 2005). Thus, identification of weak learners and provision of help, the use of agents provide valuable help in:
1. A small scale study will define the keywords for tagging and indexation based on users' inputs. Agents find keywords and information clusters around the keywords. A thesaurus matches similar concepts. Images containing metadata as inferences are integrated and audio files for multimedia integration.

2. In Live Research, Online Real Time qualitative analysis software will use the previous structures. 

3. Structured and labelled informal learning, now having sequential coherency is wrapped and stored in chunks within infostores sectors.

All information stored in Knowledgebases and Infostores will provide the main reference of needed eLearning Material. Following Dede (2005), instruction and assessment are now related to passive recipients as assessed using tests or papers, grading centres on individual performance. Learners provide only summative feedback on instructional effectiveness. In Neomillennium Learning as an expression of understanding of an internship is preferable than authoring a paper that synthesizes expert opinions. Peer-developed and peer-rated forms of assessment in a team performance context as well as frequent learner-initiated assessments will provide formative feedback on instructional effectiveness. Based on formative evaluation and assessment, the following approaches suggest a questioning-answering structure for (a) semantic information identification; (b) facilitators and learners’ supervision of interactions and (c) assessments of essays based on argumentation. System Thinking Analysis (Tsinakos, 2002) helps in monitoring and supervising learners and it provides intense supervision, support and guidance related to Learners’ needs. Case Based Reasoning Techniques were successfully implemented. Argumentations have the possibility to be stored in SYIM (See Yourself Improve) educational knowledgebase (Tsinakos and Margaritis, 2001). In the U.K., two Argumentation based tools were successfully implemented: Real time Academic Talk (McAlister et al, 2004) and AQUA, A Questioning-Answering Using Argumentation (Moreale and Vargas-Vera, 2004). Academic Talk combines interaction and content design to support argumentation in synchronous CMC and supports learners by enhancing reasoning, critical thinking and argumentation. In AQUA, the Student Essay Viewer (SEV) highlights instances of learners’ argumentation categories on a visualisation information basis. Daniel et al (2003) created the Intelligent Director for Argumentative Learning (IDEAL). IDEAL consists of seven components, the instructional agent, two director agents "grandpa" and "grandma", three students' personal agents, and a knowledge base. The system was implemented in Java on a standard agent platform FIPA-OS that can run and communicate in various machines and various operating systems. The main goals of IDEAL were to (a) create awareness of learners’ interaction; (b) support learners’ interaction; (c) monitor individual learner’s interaction patterns and intervene when necessary; and (d) assess individual learners understanding on a particular topic under discussion for formative and summative evaluation. The system can also recommend external resources. 


E-assessments projects for secondary schools in UK attracted £26m already, shifting the focus from the UKeU to e-assessment. However, QCA’s (Qualifications and Curriculum Authority) methodology is narrowed on on-screen testing, ignoring the importance of formative assessment and emerging learning styles (see different types of CAA in Conole & Warburton, 2005). The suggested methods for formative and summative evaluation are Social Network Analysis (SNA, Borgatti et al, 2001) understanding of impact in group dynamics, and Qualitative Discourse Analysis (Herring, 2004), based on Interrupted-Time-Series Design experimental design (Cook & Campbell 1979). The strategy for ‘Measuring the Return of Investment in Training and Development Certification Materials’ (Philips, 2002) with the aim of Time-Series automatic data collection would be the key to: (a) monitor and improve performance, compare performance to internal and external benchmarks; (b) User Interface Design; (c) tactical details on a granular level for reducing time, errors and expenditures, and (d) drive results with the ultimate goal to accelerate learning and actionable intelligence. Key Performance Indicators (KPI) and Key Trend Indicators (KTI) initially identified in the eLearning process will produce benchmark data. These data indicate internal efficiencies for planning, what-if analysis, forecast and assessment, and deficiencies e.g. weaknesses or gaps. The suggested tools would help in recognition of (a) Basic skills for a degree; (b) Technical skills (operational competences for a specific context, sector or profession) (c) Transversal skills (e.g. organizational skills such as problem solving, communication skills, meta-competences, learning how to learn); (d) Informal (non-accredited) Learning, all consequently used for (e) Employability (see European Non-Formal and Informal Learning Qualification Framework, http://www.cedefop.eu.int/ and http://communities.trainingvillage.gr/nfl)
Multi-Agent Systems (MAS) Infrastructure

MAS infrastructure combines the flexibility of the tutor and the stability of a machine. In order to deal with the problem of heterogeneous, dynamic virtual environments that support Neomillennial Learning Gaia Methodology (Zambonelli et al., 2003) and PARADIGMA (Ashri et al., 2002) are employed for agent description and behaviour for decoupling theory and practice. Gaia process includes the Analysis and Design Phases. 

The Analysis Phase incorporates the following five properties, adjusted for αUni: initial aims and objectives, physical plant - environmental consideration, agents’ preliminary roles, agents’ preliminary interaction, and organisation rules. In more detail: 
(i) αUni’s aims and objectives for on/off site infrastructure. 
(ii) The environmental section consists of the raw resources, the standards and the dynamic knowledgebases divided in infostores. As such, four knowledge repositories are interconnected: (i) separate infostores for agent-needed information, (ii) administration databases, (iii) informal and formal eLearning material organised in evolving semantic knowledgebases and (iv) the Grid. Different agents will facilitate semantic enquiries, registration and system configuration, authentication, security recruitment and network facilities. Pedagogical agents would be able to define the level of the student and personalise learning based on semantically interconnected diagnostic tests. PARADIGMA supports generic environments and XML descriptions could be injected into the executing platform incorporating changes, providing tailored teaching styles based on learner’s level and profile. These agents monitor and renew or even create personalised courses based on pattern recognition techniques. Four-level architecture is recommended for the systems infrastructure: the LMS, the middleware, the agents and the knowledgebases. The second level would translate argumentation-based enquiries from the agents in order to define the most suitable retrieval from the knowledgebase as well as negotiation mechanisms with other agents. Delivery could be available on desktops and Mobile Wireless Devices. 

(iii) The preliminary roles section refers to the labour and learners’ agents and middleware. As such, information personalised agents, collaboration agents, ABN (Argumentation Based Negotiation) and server agents as well as neutral objects. Then agent behaviour could be supported by PARADIGMA framework. The Agent Architecture PARADIGMA (Ashri and Luck, 2000) supports descriptive specification of the attributes, actions, goals and motivations of users’ needs. Behavioural specification addresses the process through which the agent arrives to decisions. PARADIGMA separates agent behaviour and agent description in order to provide modular design for software engineering. This frees the design since it suggests different kinds of execution platforms on which to operate the same agent, integrating different roles (Ferrari et al, 2003). A role is defined as a set of capabilities and an expected behaviour. Seeing that roles are XML based and provide tremendous flexibility in agent interactions and negotiations, their use is suggested to be constructive. XRole employs the reuse of solutions and experiences. As such, it supports patterns recognition and implementations on the internet as reflected in users’ needs. Argument and proposal evaluation and generation in SeLOS exchange could be seen as an example in metalevel information wrapped in SeLON between ABN agents. Hence, coherent interpretation mechanisms using ABN should be utilised in the direction of selection, evaluation and generation, maintaining or updating the infostore. From an XML point of view, the neutral objects Ashri et al. (2003) can incorporate capabilities, adopt X-Roles and function as agents since they have XML based attributes and capabilities. Jini matches the αUni model as the most suitable for the middleware level by providing an interface where different components of the network can join or leave any time (Ashri and Luck, 2000).

(iv) The preliminary interaction section; identifying the basic interactions required to accomplish the preliminary roles. This refers to enquiry systems and Argumentation Based Negotiation. In agent federations, members might have conflicts or desires to cooperate. Agent Negotiation could be based on common, shared or joint beliefs using three level protocols: communication, synchronisation and interaction protocols (Paurobally, et al., 2003). Exchanging arguments can influence the status of different agents and actually negotiate instead of approving or rejecting interactions (Rahwan et al, 2004) putting forward alternative propositions e.g. propose (i,j,P,A) where i and j are the agents, P the proposal and A the argument. ABN agents provide the additional capabilities of argument evaluation, generation and selection. An argument is a piece of information that may allow an agent to (i) justify its negotiation stance; or (ii) influence another agent’s negotiation stance (Jennings et al., 1998). As such, the agent can define, attract, attack or promise a reward in order to exert some pressure on its counterpart to accept a proposal (as for a SeLO). Locutions are the elements of communication language and argumentations are additional acts of offer to reject and approve. Locutions form utterances. As such, ABN agents need a specific type of meta-level information to reflect. Agents’ Argumentation Processing is based on Argument Generator, Argument Selector, Response Generator components. The negotiation process restarts with the Argument Generator. XRole (Ferrari et  al., 2003) facilitates agent interaction by using roles. 

(v) The organization rules should respect and enforce in its global behaviour for own use and security. As such, the rules define whether and when new agents are allowed to enter αUni, topology and control regime e.g. patterns of negotiation through argumentation, behaviours that are eligible and specific interactions that should be terminated.
The Analysis phase is utilized by the Design phase. The latter is divided into the Architectural Design Phase and a detailed Design Phase:
A. Architectural Design Phase: (i) The definition of topology and control regime in detail: (a) the organizational efficiency, (b) the on site University and networks using Campus portals, and (c) infliction of the organizational rules. (ii) The completion of preliminary roles and interaction models.
B. Design Phase: (i) The definition of the agents models as the agents classes and agents instances as well as interactions between roles, agent types and neutral objects. (ii) The services model identifies the main services and agents’ activities as well as agent’s roles, and their properties.

The identification of reusable and domain independent components allows the right level of generality to lead to networking communication tools, host platform operating possibilities and limitations in heterogeneous environments. In open and heterogeneous environments, self-evolving migrating agents can plan, select, adapt and reconfigure as well as clone themselves according to the needed circumstances depending on the mobility of the user, the used devices, level of security, new goals and roles or the fluctuation of the participating organisation. 

Conclusions
The Web was originally designed as a distributed information space without a content or else layout structure, facilitating human-to-human communication and not in favour of machine comprehension. In the World of Ubiquitous Computing, faculty will increasingly need capabilities in (Dede, 2005): (a) Co-design: Developing learning experiences students can personalize; (b) Co-instruction: Utilizing knowledge sharing among students as a major source of content and pedagogy; (c) Guided learning-by-doing pedagogies: Infusing case-based participatory simulations into presentational/assimilative instruction; (d) Assessment beyond tests and papers: Evaluating collaborative, nonlinear, associational webs of representations; utilizing peer-developed and peer-rated forms of assessment; using student-initiated assessments to provide formative feedback on faculty effectiveness; and (e) Leaning Management Activities and the use of Live Research Tools that could provide evaluators with up-to-date data for analysis, used for reinforcement and evaluation. Following Turing (1950), machine evolution depends on heredity material as up to date technology, mutation as changes and natural selection as judgment of the users. The combination of the four will lead to the Innovation Technology. Innovation Technology based on Interaction Design provides the users the environment to unfold their potential, learn and go beyond information given with the help of the tutors, the resources, the other learners. Changing attitudes is much more difficult that changing systems. All individuals have to take the responsibility of changing their previous status of knowledge and let themselves extend in a Ubiquitous World of possibilities and new ideas. 

‘Imagination is more important than knowledge. For knowledge is limited to all’ 

Albert Einstein 
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