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New challenges presented by globalized knowledge are establishing trust, being able to challenge information and establishing bonds with co-learners.

Cognitive science findings, unbound by specific geography, could help shape tools to make up for the growing decontextualized knowledge gap.

Networked software tools may help bridge gap between local and global by empowering learners to engage in the knowledge generation process.

From the beginnings of the computer age, new technology was seen as a tool to extend the learning powers of the mind, and connect with others. The creation of networked technology has indeed added tremendously to the availability of raw information to an audience and on a scale previously unimagined. But has it directly enabled students in the learning process? As the amount of published information grows, several factors compound the challenges of the student; the ability to determine trusted sources, the ability to challenge sources and the ability to form intellectual bonds with like-minded students. Historically, students have existed in environments where knowledge has been presented in a unified cultural and academic environment, where learning has been guided by a knowledgeable credentialed person who guides questioning, challenges, and peer discussion. With the rise of network-available information, this context is changed, with the Internet especially playing an often hidden role as librarian, teacher and peer.  

In recent decades, much research has been done on the cognitive processes of the learning mind, regardless of context; learners of different levels of expertise engaging with information, organizing it in associatively connected schemata with their personal knowledge, and context playing a large role in the strength of learned knowledge.  As the world’s knowledge becomes digitized and old social and cultural hierarchies are challenged, there is still a need to provide some of the context that peers, teachers and librarians traditionally generated in their interactions with each other; framing and qualifying information schemes, allowing that information to be challenged and commented upon, and enabling groups of students to validate and develop schemata and more explicit sets of terminology and logic together for their use. Peers and teachers have always played a role in forging paths through fields of information and will continue to do so wherever learning occurs.
New tools may allow the type of knowledge formation that was more traditionally enabled in the classroom to be more powerfully enabled by online technology, connecting one network-extended mind to others, allowing dialogue and evolution of thought in shared space.  This is an especially great need in a world where local cultures, with deep systems of cultural knowledge embedded in language, ontologies, and practices are challenged by the globalization of knowledge itself. By providing tools for groups of people to reinforce their own systems of thought, we may provide means towards achieving greater empowerment and equality. If “knowledge and awareness are a condition of empowerment,” as the Director-General of UNESCO claims, then we as technologists have an obligation to technologically enable the generation of knowledge and awareness in a way that reinforces the individual voice.  (Matsuura) Tools produced to tackle these challenges will be especially strengthened by the findings of cognitive science that shed light upon the workings of the mind and the learning process. 

Findings from cognitive science:

information processing models within cognitive science,  and constructivist theory.
Teaching methods vary in the emphasis of the approach.
Both schools draw from the scientific findings from cognitive science of cognitive load and schema generation.
Knowledge is formed into associated schemas that frame new learning.
So how is knowledge generated and what are these findings on situated learning? How do the various schools of thought in cognitive learning differ from each other towards these lofty goals? In one school of thought, cognitivists claim that the mind is a information processing mechanism that should be understood physically, its working processes studied carefully in order to achieve the correct effects when new knowledge needs to be taught. (Atkinson & Shiffrin via Driscoll) In parallel developments, constructivists claim that all knowledge is constructed within the mind of the individual; information can be presented but true knowledge is gained when the individual reconstructs the meaning behind the information within his/her own mind.  While cognitive scientists primarily study the effects of the individual cognitive processes in isolation, constructivist theorists insist that knowledge is generated and used correctly in situated contexts.  (Driscoll)

In their teaching methods, these two schools of researchers vary widely. Those who emphasize information processing model structure their materials according to instructional design methods, and place a heavy emphasis on the quality, information, and presentation method of the materials themselves. Constructivists and contextualists, while agreeing that materials are important, place a heavier emphasis on environments and methods that encourage learning through discovery and collaborative project-based lessons. 

Both schools, however, draw from a growing body of research on how the mind handles information in the working memory and integrates and stores it in long-term memory – primarily around the specific topic of cognitive load and schema theory. Cognitive load is defined as the load that is generated within working memory as an individual attempts to build associations between new data and information that is already within the memory – weeding out what is gratuitous and integrating new information into what are known as schemas.  (Driscoll)

Schemas are associative bodies of thought that connect information that is in working memory with information that is long term memory, organized into working models, or  an “organizing and orientating attitude.” (Chi, Glaser, & Rees via PA Kirschner, and Bartlett via Driscoll) Schemas are said to be “instantiated” when an experience happens that fits the organization of the schema, with more abstract variables being filled out with specific episodic details. (Anderson via Driscoll)

An example to illustrate schema formation, and types of cognitive load generated: user that knows web structures learning more about a specific topic.
Methods have been found to reduce cognitive load by providing guides and cue to information to allow better formation or integration with existing schema.
Application of these methods still varies widely, but perhaps there are strengths to using a combined approach.
For example – for a certain student, a schema might exist on “how to build a web page.” The schema would include information on the components that are needed, conditions which are optimal, and processes that should be followed. If that student attended a workshop on more specific web technologies, on CSS, for example, that individual would integrate this with the existing schema. This might happen in a couple of different ways – bits of information might be either subsumed into the existing schema (accretion), added to a new variable within an existing schema (tuning), or existing schema reconstructed or changed (restructuring) (Driscoll). Cognitive load might be generated during this learning process by elements of CSS information that fit easily into existing schema, are extraneous or irrelevant to the schema or are inherently difficult to understand about CSS. These types of cognitive load are referred to as germane, extraneous and intrinsic load respectively, though these concepts are still under development. (Brünken et all, Paas et all)

Many observably successful methods have been developed to reduce cognitive load in order to facilitate schema formation – including the use of advance organizers, the inclusion of schema cues or signals, and the graduated use of examples and dual-coded information that is structured differently for different levels of expertise. (Ausubel et all, Driscoll, Mayer & Sims)Advance organizers are information structures that organize key aspects of information before or alongside it, like tables of contents, introductions, or tutorials. (Ausubel) Schema clues include highlighted text or pulling out important key facts alongside text (Driscoll, Mayer & Moreno). The “fading” method of using highly explained examples of new information, or “worked examples” for novices and gradually introducing independent problems has been shown to have great effect for learners. (Renkl & Atkinson)

While the many cognitivist and constructivist theorists can agree on these scientific findings, they disagree on how they should be applied. One group of approaches seems to aim to design instructional materials that can have similar outcomes regardless of the situations in which they are presented, and the other aims to design environments within which discovery can occur that encourages individual agency and action. But why should these approaches be mutually exclusive? From a purely pragmatic perspective, cognitivists offer models that can be much more easily tested to measure the proven effects of their implementation. However, constructivist models seem to offer more respect to the role of the student as a partner in the learning process, and recognize that information that can be applied contextually has much higher use. If the greatest goals of good schooling are to created “generative knowledge,” or learning that can be retained, understood and also actively applied, then both of the theoretical approaches should be taken into account. (Perkins)

Instructional design within the new decontextualized classroom of Internet-based learning complicates the matter.
There is a hidden assumption of knowledge as static within the model of instructional design.
Global research on current instructional design methods are reported as proving too rigid, concentrated on rote learning and assigning a passive role to students.
There is a disconnect between the passive role of the student assumed in instructional design methods and the dialogic methods of higher learning.
However, to complicate the matter in relation to modern technology, these models are primarily applied to individual lessons within a classroom setting. Indeed, the concept of “instructional design” itself implies an instructor and a less-knowledgeable learner in a traditional setting. So how does this change in a rapidly changing classroom space that includes online resources that are not controlled by the instructional design of the teacher, the school, the superintendancy, or even the nation or the culture? 

Throughout the many descriptions of instructional design, there is underlying conceptual understanding of hierarchy and static knowledge. One example, among many, describes the “incomplete” schema of a test subject (Driscoll). In this example, a test subject is asked to describe a process that they know little about and they respond by recounting only the discrete elements they know. Instead of categorizing these elements as portions of other schemata, researchers call the description an “incomplete schema” of the process which they are being asked to describe.  The underlying assumption of this conclusion is that there are complete schemas that can be developed, if only the instructional materials were designed correctly. However, in a world where knowledge itself is rapidly evolving, in the many, many situations under which knowledge is generated, how can we insist that there are schemas that can ever be complete?

As an illustration, many peoples from around the globe have been educated in systems where scientifically designed instructional materials are used, but with mixed results. Educational materials often are perceived as disempowering because of the emphasis on teacher-dominated instruction and because of their context in heavily hierarchical educational systems, which discourage the free exchange of thought. The UNESCO Education for All Report 2005 by summarizes findings from 127 countries (EFA). It reports that “many commonly used teaching styles do not serve children well: they are often too rigid and rely heavily on rote learning, placing students in a passive role” in relation to a teacher.  To confront this situation, the UN Millennium Project Task Force on Education and Gender Equality challenges educators to train “teachers for “student-centered” or active learning instruction,” and abandon “frontal teaching” that emphasizes lectures and passively receptive students.” (Birdsall et all)

There seems to be a disconnect between some of the underlying assumptions of instructional design and the higher concept of education as a place of dialogue, debate, conversation and mutual exchange of knowledge.  The first academies in Greece, in China, in elsewhere in the world, have been defined as places of dialogue, exchange of thought and debate.  The words “dialogue,” “discuss,” and “converse” all contain root meanings that describe actions with at least two sides that go back and forth. “Dialogue” comes from the combined Greek root meaning of
International findings call for a greater role of localized knowledge in shaping educational systems, giving credibility to situated learning theorists.
A blend of cognitive science and situated learning approaches may move students towards the active role suggested.
 “speak” and “divide in two parts.” (OED) “Discuss” combines the meanings of “strike” and “reversal,” implying an even more contested set of exchanged words. (OED) But within the theoretical framework of instructional design, students are seen by behaviorists and cognitivists as absorptive sponges, who might validly ask questions only to clarify the information presented, but not to validly challenge the information itself. 

The UNESCO finding also lends credibility to the argument for a greater role by students at the local level to actively construct meaning within their educational environs. Indeed, the World Educational Forum declared in 1990 and continues to advocate that “traditional knowledge and indigenous cultural heritage have a value and validity in their own right,” which necessitates responsibility to “respect and build upon their collective cultural, linguistic and spiritual heritage.”  (UNESCO) Recognizing the role of localized individuals and groups with distinct knowledge and ontological structures is key to the growth of all knowledge. Constructivist theory provided by scholars such as John Seely Brown seems to have a notable understanding of this dilemma – arguing that knowledge can be seen as “inextricably a product of the activity and situations in which they are produced,” and the meaning that various knowledge represents is “always under construction.”  (Brown et all) This is inevitably the case, even when the knowledge is the outcome of good instructional design.

However, is the “local” site the dominant factor in ensuring a successful learning experience? Given the massive amount of research towards proving the effects of well designed instructional materials by Kirschner, Plass, et all, it may be argued that well designed material can have an intrinsic benefit for learners at varying levels of knowledge within a discipline. However, a degree of authority over that discipline must be democratized in order for the world’s students to successfully engage with the active body of knowledge contained within.  Tools that provide a few features may help to meet these challenges. Features such as networked annotation, resource listings and ratings may be powerful. However, the true power of networked learning tools may be by adding features that connect and empower local groups of learners to engage in the shaping of educational disciplines themselves by sharing these tools in collectively, locally defined groups.  In my final project, I will allow students to challenge content, to dialogue with co-learners through shared annotation and to share rated resources. The aim will be to give students a tool to build a situated knowledge structure, with a teacher’s guidance, in order to engage students in the active organization of useful knowledge to their locality. The intent of creating a localized knowledge organizer would not be to replace well designed instructional materials, but to allow local groups of learners to contextualize them, frame them, build collective schemas of knowledge, and thereby creating advance organizers for new learners, reducing cognitive load at the most local level.

A short history of networked thought, enabled by machine, including hyperlinks and annotations.
Early national and global network models envisioned educational purposes of networked learning materials.

Core features are still missing from the Internet: two way communication embedded in shared learning materials.

Networked technologies create a mass of unsorted information and lead to decontextualized learning for students and decontextualized research findings for the teacher.

So if technology more broadly can offer solutions, what are they and how do these solutions fit in the larger history of the discipline?  From the earliest conceptions of computing technology, processes of associative thinking and learning through exploration and contribution were central. Vannevar Bush, one of the primary architects of the US military-industrial sector during and following WWII, outlined a tool in 1945 that would allow a scholarly gentleman to browse through a vast library of information, following associated concepts by links, adding “marginal notes,” or annotating, and being able to form new associative links. (Bush via Packer & Jordan) 

Bush got some of the material details wrong (he thought microfilm would do) but his vision set the stage for what was later developed into ARPAnet and the later Internet. Early architects of the forming system saw networked, digitized information as a breakthrough for mankind, forming a new “symbiosis” between humans and machines that was expected to “perform intellectual operations much more effectively than man alone can perform them,”  freeing scholars everywhere, with unemployment disappearing “from the face of the earth forever,” due to the educational benefits provided. (Licklider 1960, Licklider 1968)  

Though these outsize predictions have proven perhaps overly idealistic, the benefits of the digital tools provided have proved far-reaching in effect. Core features of network structures, like the Web, are described by their creators as being literally “like the brain” in that they allow users to “use the mental machinery they naturally have for remembering places and routes,” through large amounts of perceived information. (Berners-Lee 1999) Yet some of the core features envisioned by Bush, and other later network greats such as Ted Nelson and Tim Berners-Lee, have not been fully realized: the ability for two-way publication, the ability to annotate, to comment, to push back. These features include the ability to insert edits, or “transclusion,” and to annotate. (Berners-Lee 1997, Nelson) In a recent speech, the creator of the World Wide Web, Tim Berners Lee describes the one-way publication authoring method of the web as being "a big disappointment" from the original conception of the Web as a place that anyone can publish to and “anyone can correct information” through active editing. (Reuters, Berners-Lee 1999)

The creation of the Internet, email, the World Wide Web, listservs and message boards has indeed added tremendously to the availability of raw information to an audience previously unimagined by publishing scholars. With mass publication, there becomes a problem of scale; sorting of decent materials from untimely or badly composed materials, differentiating information with synonymy and polynymy, and translating that information into locally applicable situations. (Heflin, et all)

Networked technologies can allow for greater challenge to and participation with existing bodies of knowledge.
Language disparities reinforce digital divide, with parts of the global knowledge pools inaccessible to students. Networked annotation tools may stem some of this gap.
Dialogue is critical to the creation of active cognition where knowledge can be reapplied
Annotation, an early feature of both Vannevar Bush’s concept of networked information and Tim Berners-Lee’s concept of the Web, may provide a way to question information published by posing questions and comments directly adjacent to that information.  (Berners-Lee 1997, Bush) Additionally, social networking features that allow collaborative creation of resource libraries may allow groups of students to create knowledge organizers that frame and contextualize information in a way that is applicable to them within their own environment.  “To participate in that shaping and not merely to be shaped” reflects John Seely Brown, “requires understanding” of the social forces at work in the creation of situated knowledge. (Brown 2000) If students can sort through masses of information in the Internet according to collaboratively created groups of keywords, created by people they know to be co-students or teachers with the goal of learning, this new knowledge structure may serve as an advance organizer. Ratings provided by student groups could both add to the value of the knowledge organizer and engender trust between participating students if the ratings are accurate to the group’s needs. The next generation of the Web, Berners-Lee argues will need to be based on a “web of trust,” one that develops through social interactions since “people learn to trust through experience and though recommendation.” (Berners-Lee 1997)

The challenge of sorting through information in the global network becomes especially compounded for students who lack the language skills to converse fluently and engage in the disciplinary knowledge throughout the Internet, including the World Wide Web. A global survey by Education Week, in their annual Technology Counts 2004 Report, states that Internet use varies widely throughout the world, with industrialized nations far outstripping “poorer” nations in Asia and the Americas and with the core infrastructure needed to enable technology-based learning is simply not built in many African nations. (Berkman Center)  Most relevantly, however, the concern over language-relevant content runs highest for surveyed nations with large populations of impoverished citizens – Uganda, India, the Phillipines, Gambia, Panama and El Salvador. The lack of information available to them in this new pool of globalized knowledge prevents their effective participation and contribution.  Translation is an enormous challenge, yet if annotations of information were made in native languages that allowed for partial summation for local groups of learners, it may provide a step towards greater participation as well.

Additionally, in contrast to effects broadcast models have on the evolution of a message, knowledge generated through annotative dialogue may be more active, because it requires greater action by the leaner to engage the thought.   Paolo Freire, the prolific Brazilian educator, writes that true learning only happens when students become “co-investigators in dialogue with the teacher,” creating an

Conclusion: Networked annotation tools may allow for greater schema development in a global environment where knowledge is often open but unchallenged.
experience together of “active cognition.” (Freire 79, 81) As the world’s knowledge becomes digitized, and there are many more access points within the global network accessible via the many networked technologies, there becomes and even greater need for local communities of students to challenge information critically in order to apply it locally.  

Within the findings of cognitive science, there are models which enable successful learning within instructional design. However, any given lesson must be necessarily situated in a real, evolving and historical and cultural context. This context frames the abilities of the student to access and engage with whole bodies of knowledge in order to build their own schemas. Historically, the cultural and geographical context of the classroom provided a framework for that schema development, with teachers, peers, librarians and scholars guiding students towards frameworks that would allow for the successful application of knowledge. With the creation of the Internet and network-available information bases, the context is broadened and traditional educational boundaries broken down.  Educators and students can tackle the challenge of decontextualized knowledge by creating online networked tools to allow students and teachers to dialogue with each other through annotation, actively framing and re-contextualizing information into new schema for the greater participation of and evolution of globalized knowledge.
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