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Introduction
In the beginning knowledge was local. With the depment of more complex forms of

economic organization knowledge began to traved Oibrary of Alexandria was the
fulfillment—however partial and transitory—of a M8 to bring together all the knowledge of
the world. But to obtain the knowledge one hadddayAlexandria. Today the World Wide Web
promises to make universally accessible the knoydexf a world grown larger. To be sure,
much work remains to be done: many documents reebd inade available (i.e. digitized if they
are not already, and freed from restrictive accessrols); and various biases (economic, legal,
linguistic, social, technological) need to be owene. But what do we do with this knowledge?
Is it enough to create a digital library of Alexaiad with (perhaps) improved finding aids? We
propose that the crucial question is how to stmeckmowledge on the Web to facilitate the
construction of new knowledge, knowledge that Wlcritical in addressing the challenges of

the emerging global society.

We begin by asking three questions about the Wdhtarfuture. In the remainder of the paper
we explore the possibility of dapistemic Webin the context of a more general discussion of
knowledge representation technologiestechnologies used for storing, manipulating, and

spreading knowledge.

What is fundamentally new about the Web as a knaige representation technology?
The World Wide Web is a recent phenomenon, butlirtgs in a long chain of knowledge

representation technologies. In fewer than tweegry the Web has developed from a small tool
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used by a specialized research community to a tdogy with more than a billion users, and a
volume of data added each year that exceeds therntdreld in the Library of Congress by a
factor of hundreds of millions. Apart from its rd@rowth, what makes the Web different from

other knowledge representation technologies?

The Web offers a higimpact potential to an unprecedented number of people. Personal

weblogs can receive hundreds of thousands of vssdaily.

The Web offers higleollaborative scalability. Thousands of people (or more) can
collaborate in the creation of such products aspen-source operating system

(GNU/Linux) or an encyclopedia (Wikipedia).

The Web promises nearly univergatierconnectivity. Discrete documents participate in

a vast network of relations to other documents.

The Web exhibits exceptionplasticity. It can readily accommodate new ways of
organizing content as well as new types of contéahtent can be changed rapidly and

frequently.

The Web allowambient findability. Amidst the vast stockpiles of information, desired
knowledge can be located almost instantaneousty &moywhere in the world (Morville
2005, 6).

The Web provides extremelgw latency. News spreads worldwide within minutes after
an event; photographs and telemetry within secdbdta with radically disparate

lifetimes converge: today’s news story already giitd place in the encyclopedia.

What are the shortcomings of the present-day Web?

None of the Web’s distinctive potentials have yetib systematically realized. The present Web
remains a prototype of what the Web might become,ad what its founders envisioned (Gillies
& Caillau 2000). The democratizing impact potenisahindered by a “digital divide™—

inequality in access to digital sources and seswiethat results not only from economic
disparity but also from technocratic culture, lirgdic bias (Paolillo 2005), and the absence of
key enabling technologies. Collaborative scalgbisitlimited by the lack of tools for shared
annotation of heterogeneous data. Universal interectivity cannot be achieved without tools
for visualizing and manipulating the complex stuwes of relations between documents.
Plasticity is impeded by the lack of standarddiftking non-textual media at a fine granularity.
Findability fails without some formal means of digaiguating natural language. And despite the
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potential of low latency, the time-to-publicatiohsezholarship is scarcely lower on the Web than

in traditional print culture, since social pracideave not evolved at the same rate as technology.

More generally, however, there i€@ntralproblem—namely, how to represent human
knowledge adequately on the Web. Any solutionsfiihto address this problem must fail
radically. It is not enough to look to semantiassocial networks, or increased interactivity, or

more sophisticated computation—although all thbsegs are indeed useful and necessary.

What are the options for future developments of tA&eb?

Proposals for how to transform the present-day Alelund. The explosion of technology opens
up a maze of possible directions for creating a aevwe and scholarly infrastructure, an
embarras de richess@hree paths have most notably captured the attenfitechnological

visionaries:

The idea of th&emantic Webwas first publicly aired by Berners-Lee and cajieas in
2001; they proposed “an extension of the currerglf}Vin which information is given
well-defined meaning, better enabling computers@eaple to work in cooperation”
(Berners-Lee et al. 2001). In the Semantic Webudwnts are enriched with structured
metadata to allow for intelligent information retral and automated inferences about
document contenOntologiescapture the relations between terms within a $ipeci
knowledge domain. Semantic Web research has [#gtdevelopment of potentially
fruitful technologies such as RDF (Resource DesonpFramework) and OWL (Web
Ontology Language) (Yu 2007). Yet no compellinglaggtions have emerged so far.
Moreover, it is not clear who authors ontologiesvbiat happens when fundamental
disagreement occurs (as it inevitably will). Totstenatters provocatively, the approach
to meaning in the Semantic Web resembles the clafrasiversal validity once offered
by the Catholic Church and the Soviet Union. Althlothe Semantic Web can increase
the ability ofcomputergo assist in managing the complexity of the Welpes not
solve the problem of holwumanscan integrate the Web into a coherent body of
knowledge.

Web 2.0is a term first used in 2004 not to describe aovisif what the Welmight

become but rather to name a seactual developments that seemed to point to the future
(O'Reilly 2005). This is thé&ocial Web.Instead of the formal ontologies of the Semantic
Web, Web 2.0 evangelists embradeltsonomies—a neologism for informal, bottom-

up, overlapping classifications created in an ¢gadin fashion by users (Morville 2005,

136). Web 2.0 sites allow anyone to adgs—short, simple metadata labels—to
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resources such as photographs and blog entries; pdlople can then use these tags in
searching for resources. Social Web sites suchnieah, flickr, and del.icio.us have
become contagiously popular. By allowing for tharsg of sets of tags, these websites
connect not jusiocumentdut alsopeople.Web 2.0, in which meaning is assigned not
by central authorities but by ordinary citizensthis Protestant version of the Semantic
Web. Yet while this reformation has undoubtedlyated a new type of networked
community, and although serious scientific applaa have emerged (Schréoder 2007),
it is not clear that such communities can devehip serious scholarly or civic

communities organized around a meaningful bodyhafesd knowledge.

Futurists envision 8Veb of Thingsin whichphysical objectbecome manipulable in
many of the same ways that we now manipulate hyyxe@d documents. This Web of
Things will be enabled by such technologies as ¢ost RFID chips, GPS, and (in
general) the decreasing cost and size of electommyponents. Bruce Sterling conceives
of web-enabled things apimes,objects whose changes in space and time are extord
which can be searched, and around which user coimtigsiwill form (Morville 2005,

84). Others imagine ubiquitous computindpicomp) in which computers are embedded
in, or can communicate with, everyday objects. €hseenarios are derided by critics that
imagine a series of (often laughable) interactppliances—and feared by those that
imagine a surveillance society of unprecedentedheBhe Web of Things offers the
potential of expanding the conceptdafcumento include all kinds of physical things
that indeed constitutgbjectsof human knowledge (Morville 2005, 148). But ibto

ignores the central problem of how systematicallyepresent human knowledge itself.

All these paths lead somewhere interesting, andyv® means view them as misguided. But
we insist that a new way is needed: an Epistemib, Wt is, a universe of knowledge on the

Web that parallels human knowledge.

We need a deeper understanding of the relationstipeen knowledge and representation and
how that relation has evolved over human histooghSan understanding will allow us to
formulate the challenges for the future and to meakeoposal for the development of a new
Web that is a plausible continuation of the presieuolution of knowledge representation

technologies.

The remainder of this paper consists of two padsh of which begins with a theoretical
discussion and concludes with a practical analysithe first part we articulate the approach to

knowledge taken blgistorical epistemologyand provide a brief history of knowledge
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representation technologies. In the second pariseghree fundamental premises about
knowledge to explore the challenges for the futieeelopment of the Web and conclude with

concrete proposals for the Epistemic Web.

Knowledge: the perspective of historical epistemobyy

Historical epistemology, as we practice it, is $hedy of the historical development and
transmission of knowledge in light of social, cudl) and cognitive factors and with attention to
the interaction between individual thinking andtitugionalized systems of knowledge.
Knowledge is not representation-independent, aadrtédia of knowledge representation affect
the structure of knowledg€éorms of knowledgevary along two basic dimensions. First, they
range from universal knowledge, acquired in ontegenby every human being, to knowledge
that is specific to individuals, social groups,iabstrata, or geographic regions. Second, forms
of knowledge vary in their degree of reflexivenagiich is indexed by the distance from
concrete objects manipulated in the course of aiang existence. Reflexiveness in this sense is
lowest in the case of intuitive knowledge unacconmgeé by conscious reflexion and unmediated
by symbols; it is highest in the case of secondiigher-order knowledge, also called meta-
knowledge, where the object of knowledge is itadibrm of knowledge. Between these two
extremes lies a continuum that includes practioaWedge, symbolically mediated knowledge,

technological knowledge, and scientific knowledge.

Knowledge representationis of two typesinternal andexternal. Internal knowledge
representations (which have been extensively siudieognitive science) are used by humans
to store and process information mentally. Exteraptesentations involve the use of knowledge
representation technologies ranging in complexiynf notches carved on a stick as a simple
tallying mechanism to sophisticated computer systéamdividual knowledge characteristically
arises in the appropriation shared knowledgethat is reconstructed from external
representations. Thus we need to study the interabetween the knowledge representation
technologies available in a given historical sitoraiand individual cognitive structures such as

mental models.

Once knowledge is represented externally, it igesatlbo transfer in &nowledge economy.
Particular knowledge representation technologiepslthis economy in different ways, since

these technologies vary along a set of economiensons:

Portability: Can a representation travel? How fast? Radio elegision broadcasts

propagate very quickly, whereas inscribed monoligiserally don’t move at all.
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Durability: How lasting is a representation? Cuneiform tabiteige endured for

thousands of years; spoken language has vanishledutva trace.

Ownership: Who has access to the means of production? Haly eas this access be

controlled? It is considerably easier to regulatetimg presses than pen and ink.

Rivalness:Does an individual’s use of a representation deeé¢he value of that
representation for others? Only one person canaemadnuscript at a time, but many

people can listen to a story teller or watch avislen program.

Reproducibility: At what cost can a representation be copied? Baeks more
expensive before the invention of printing with rable type; now they can be

photocopied inexpensively, and the cost of a digibpy approaches zero.

Interactivity: How flexibly can a representation be accessedAategue can only be
listened to from beginning to end; parts of a boak be skipped or re-read; an electronic

text can be searched in more powerful ways.

RecursivenessCan higher-order knowledge about a representagoexternalized and
integrated with the representation? Books can betated in the margins, but electronic
texts can be annotated more extensively and eassigpken monologue, on the other

hand, can’'t be annotated at all.

Connectivity: To what degree, and how explicitly, is a represtom connected to other
knowledge? An epic poem may contain allusions eoliterature, but these are less
direct connections than the footnotes in a schohaticle or (a fortiori) hyperlinks in a

Web document.

People strive to maintain an equilibrium betweegirtbwn cognitive structures and the
environment (Piaget 1985). Knowledge from the emvinent must be assimilated in the context
of what an individual already knows, and internabwledge representations must be
accommodated to knowledge acquired from the enmgont (for instance from external
representations). This process is cadlgdilibration. The high degree of interaction between
internal and external knowledge representationailerihat knowledge representation
technologies play a key role in equilibration. Hidpuation occurs not only with respect to
individual knowledge, but also with respect to glibknowledge. Thus equilibration results from
an encounter betwedwocal andglobal knowledge (e.g. prior notions of healing and tbdybare
adjusted when global biomedicine is imported intmlure of traditional medicine), or between

expert andegalitarian (cf. Sanger 2007) knowledge (e.g. specialist cosige and non-
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mainstream conceptions are integrated in the calidlye construction of an online

encyclopedia article).

Just as certain factors facilitate or hinder cagaitmaturation, certain factors facilitate or hinde
knowledge growth in a social context. The growtlstwred knowledge depends on equilibration
and on a knowledge economy in which knowledge tates widely, is not lost, is not
excessively regulated, can be enjoyed by manptésactive, is open to recursive processes of
knowledge formation, and is highly connected. Ttinesgrowth of shared knowledge is shaped
by available knowledge representation technolodMss arrive at our vision of the Epistemic
Web by reasoning deductively from the factors thailitate knowledge growth and the
technological capabilities of networked computestegns. Before we come to our discussion of
the Epistemic Web, we will examine the history nbwledge representation technologies,
stressing historical dynamics and the impact ofigaar technologies for the knowledge

economy and the structure of knowledge.

A short history of knowledge representation technalgies

Much animal and human communicatiorcatext-dependent;elements of the communicative
repertoire are exploited only in response to aifipa@ontext. The ancestors blomo sapiens
sapiengdeveloped sophisticated language based on thergestodality; this language
containeccontext-independentelements and was characterized by comgyerax (Armstrong

et al. 1995). With the evolution of laryngeal degc@aumans became capable of articulating the
full range of speech sounds used in modern lang agel syntax was co-opted for the
organization of spoken language (although its nebfunction remains for sign language users).
Spoken language constitutes the baseline for thevledge representation technologies that we
discuss below. It is portable, if not at all dueght is difficult to control, and it is not verwal.
Dialogic speech has rich potential in terms ofratévity, recursiveness, and connectivity, while

monologic speech is highly restricted in these eetgp

What follows is a summary of the development of am@nt knowledge representation
technologies in human history. Such technologie® tlaeir ultimate origin in the first use of
symbols, which are known from the Upper Paleolitfilcese technologies developed not in
direct succession but in overlap, and all persiday. We do not see a simple story of more
highly developed technologies replacing more piraibnes. Nor do we find useful the often
told story of a few technological “revolutions” thaunctuate periods of relative stagnation: the
invention of writing, printing with movable typehe Web. The history of knowledge

representation technologies rather exhibits combistorical interrelationships between

I\DAHLEM-KONFERENZEN\97WS_Globalization\BP\16_BPeRn_Hyman_.doc -7-



Jiurgen Renn, Malcolm D. Hyman group 4 bp 16

technologies, changing social attitudes towardgseblenologies, and a dynamic tension between

conservatism and innovation.

Mnemotechnicsis unique among the technologies described hetairit involves
primarily internal representations. Yet these imérepresentations are structured in the
context of a shared symbol-based technology tHataimed, and they involveci that

are characteristically dependent upon externaksgmtations. Mnemotechnics has its
origin in traditions of oral-formulaic poetry thate known in many parts of the world.
Verseform functions as a set of constraints thatsire content so that it can be recalled
for oral performance multiple times with good a@my (Rubin 1995). These techniques
of formal mnemotechnics (traditionally ascribedhe Greek poet Simonides in the early
fifth century BCE) involve establishing a mentahohofloci—typically envisaged as
wax tablets or papyri—in a fixed order; tloei are internalized and serve as the
background against which concepts, arguments, pdlysbjects, and words are
memorized (Lewis 2006, 7-8). Mnemotechnics wastmea especially widely and with
unique sophistication among Roman rhetoriciansimmaedieval monasteries. In the
early modern period, mnemotechnics led to the dgweént of such phenomena as
commonplace books and tables of knowledge: “forfris@nology that exteriorize the

means of recollection used in mnemotechnique” (ke2@06, 23).

Writing arose around the end of the fourth millennium BE€& 3300) in southern
Babylon (modern Iraq). The earliest written docuteee clay tablets impressed with
numerical notations and sealings that likely inthdanstitutional contexts. Although
these documents led eventually to the developnfesureiform writing used for the
representation of texts in Sumerian, Akkadian, atihér languages, the earliest writing
constituted a symbol system independent of spakeguiage and used as an instrument
of administration for the construction and contvbtentralized economic systems. On a
parallel track, early writing led to calculatinghmiques and mathematical concepts.
Early documents are very closely tied to theiripakar administrative context and do not
represent background knowledge shared by the sadtiais in this context; in this
respect early writing exhibits much of the contdgpendence of face-to-face
communication. At the same time, writing, in pregana system of manipulable
symbols, allowed for the emergence of new kindstiéxiveness (Damerow 1996, 46—
54).
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Glottography is writing that represents spoken language—althougtten texts differ

in a number of structural ways from speech (Hym@®62. The potential of writing as a
tool for permanently documenting spoken language discovered only slowly and with
increasing usage. When glottographic writing fensterged in the Fara period (ca. 2500
BCE) it served as a mnemonic aid to recording gealres (proverbs, incantations,
hymns, etc.). Glottography led to an increased amess of language (Krebernik 2007).
Subsequently written and spoken language develap@artly independent, partly
interpenetrating systems. Glottographic writingreuelly spread widely and diverged
greatly in form, in response to differences of laage typology, social usage, and

physical media.

Paper was made from rags as early as the third cent@fy B China, but the technique
of papermaking using fresh plant materials is sspddo have been the invention of the
Chinese court official Cai Lun in 105 CE (Tsien I98). In the following centuries,
paper improved in quality and popularity, becomtimng standard writing material by the
third or fourth century. Paper technology spreadtward, reaching the Arab world
before the seventh century and Europe in the ténhilgpean manufacture began in the
twelfth century (Tsien 1987, 293-303). Paper was@essary enabling technology for
printing (and thus a key advance to increasingtiréability and reproducibility of
knowledge), which began in China around 700, witivable type introduced by the mid

eleventh century.

Althoughmovable typehad been used for four centuries in Chinaptfieting press, a
fifteenth-century German invention, came to haypeaiound and worldwide effect on
the dissemination and production of documents (tSigen 1980). It is as a result of this
technology that mass literacy was achieved in Eeieop other parts of the world in the
nineteenth and twentieth centuries. Yet the prippress, for all its potential of
empowering the masses with literature, was a tdoggacarefully controlled by the
Church or by other authorities. Witness the follegvreport of the attitudes of British
colonial officials in India: “During the administian of Lord Minto this dread of the free
diffusion of knowledge became a chronic diseaseghwyas continually afflicting the
members of Government with all sorts of hypochaahi day-fears and night-mares, in
which visions of the Printing Press and the Bibkrevever making their flesh to creep,
and their hair to stand erect with horror” (Kayé48247-248).
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With the Industrial Revolution, new technologiesezxded printing along several vectors.
Hot metal typesetting exemplified by the Mergenthaler Linotype (1886)d.anston
Monotype (1889), increaseditomation by replacing the process of manual composition
(in which types were picked one by one from a tgseg with the keyboarding of text
(Steinberg 1961, 286). Thypewriter, first commercially manufactured in the United
States in the 1870s, eliminated the centrala&dership of the means of mechanical
production of texts and allowed mechanical techgplo be used for the creation of

even ephemeral documeni®letype machines, which originated around 1907, allowed

for theremote transmission and printing of text.

Jacquard’punchcard-controlled loom (1804) and Hollerith’sabulating machines,
developed to deal with the massive data that netdied processed for the 1890 United
States Census, first exemplified modern technigh@gormation processing (Austrian
1982).

Themass mediaof radio and television in the twentieth centulig\aed for extremely
quick dissemination of knowledge to unprecedentadbrers of people, but the ease with
which they could be controlled and their low int#naity made them ideal tools of

propaganda.

Mimeographic andphotocopytechnologies, by lowering the barriers of costl},sknd
time associated with the reproduction of printedwoents, allowed for the flourishing
of popular self-published literaturesamizdas).

The firstdigital computers greatly augmented human capabilities in managing
knowledge in political and economic administratiengineering, and the natural
sciences. Computers led first to advances in tharewof calculation. Their application
to text and language processing followed at firdy @lowly, but led eventually to a
revolution in which the computer came to augmerdugh external technology human

mnemonic and linguistic capacities.

One aspect apparent in this history is a frequenservatism, in which features of previous
knowledge representation technologies and econaangesncritically imported into new ones.
Gutenberg’s 42-line Bible of the mid 1450s emplogednt of almost 300 characters, including
a large number of ligatures, alternate letter foracsented letters, and abbreviations: elements
that had in the past arisengpeed ughe copying of manuscripts but that nslewed down
reading (Steinberg 1961, 20, 30). In much the samge scholarly articles on the Web make use

of features taken over from the book—such as nuetbferotnotes—although the hypertext
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medium offers much better alternatives. In genéhad, history has been shaped by technology,
rather than by the purposeful project of creatimgpw architecture for knowledge. Knowledge
representation technologies hold implications lher fiorms of knowledge. In Greco-Roman
antiquity, for instance, precise citations in textye extremely rare, as scrolls of papyrus made
the checking of sources laborious and time-consgnTinday standardization of publication
formats in academia fosters a culture that takestityof publications ormpact factor(how
oftenandwhereone is cited) as measures of achievement, alththege at best are weak
proxies of intellectual merit, and at worst congétan economy that rewards a high output of
low-quality work. By studying how knowledge repretaion technologies have historically
fostered or impeded the growth of shared knowledgeare afforded a better perspective for
redesigning such technologies in the future.

Challenges for the future of the Web

We organize our exploration of the challengeslierfuture development of the Web around
three general theses about knowledge. We use ttheses to draw conclusions about the design

the Epistemic Web should take and discuss presstades to this design.

Knowledge is collectively produced and changes irugntity and structure. The large-scale
production of knowledge over history is not simfilg accumulation of the expertise of a few
outstanding individuals. Rather knowledge is pradlender complex and dynamic social
conditions, in which external representations @ayucial role in the transmission,
appropriation, reorganization, and equilibratiorsbéared knowledge. Ideally, therefore, external
representations should be dynamic. But traditigrmalbst existing knowledge has been locked
into static representations. Thus the processt#weadccumulation of knowledge and its
restructuring in the aftermath of major concepadilances remain largely hidden. The
integration of old and new knowledge is hinderedHhgyfact that knowledge is fragmented
across various media and protected by access tomasures that restrict its availability. The
complex and dynamic structures of links betweerudwnts on the Web represent the relations
between different areas of knowledge and in thevesatonstitute an important kind of
knowledge. Yet the present Web lacks means fortating these structures and creating new
knowledge about them; indeed the structures themseemain largely invisible to both humans
and computer agents. Only by increasing connegtbgtween knowledge and by making the
relations between discrete elements of knowledgéaitxcan the Web overcome the limitations
of traditional static knowledge representation rexbgies.
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Knowledge is produced recursivelyAn external representation is internalized, arghéi-

order knowledge can be formed about this intergatasentation; this higher-order knowledge
can then be converted into a new external repragent The traditional boundary between the
production and dissemination of knowledge resutimfthe limitations of prior technologies and
now hinders the recursive production of knowledgew tools are needed to integrate access to
existing knowledge with facilities for the produanti of new knowledge both within and outside
science. Existing popular and scholarly publicatitend to be superficial, and indeed the
traditional media of publication are structured [inyitations of length and established generic
conventions) in such a way that such superficiaditglmost guaranteed. Articles in scientific
journals don’t provide sufficient details to alldar the reproduction of experiments.

Publications in computer science don't include exalsle code. Historians and political
commentators rarely reproduce their primary soynsegch remain in public—or, worse,
privatel—archives and collections. Experimentabdatd historical sources are often reproduced
only in a piecemeal fashion that does not allowvimification of the authors’ conclusions

without extensive research on one’s own part. Megedahe traditional media of dissemination
are not well integrated. Print media contain bathges and text, but techniques for linking these
are only rudimentary. In recent years, books ameetiones accompanied by other media such as
DVDs that allow for the distribution of audio anmlgo, but here the relation between media is
even looser. Media are somewhat more tightly irgesgl in Web publications, but even there

they are not linked at a consistent level of granityl or presented with a seamless interface.

Knowledge includes both data and modelshe evolution of large bodies of shared knowledge
is organized around conceptual models that franee dat the accumulation of data results
necessarily in the periodic revision and substtubf these conceptual models. The
contemporary knowledge explosion—not only in thiersces but also in the ever-increasing
complexity of social and political life in a globallture—results in an acceleration in the change
of conceptual models. To prevent the potentialutgs caused by these changes, it is necessary
to integrate conceptual models and data withinlsirgpresentations. Only such an integration
will allow for research and thinking that addressmrching theoretical concerns in the context
of concrete, empirical data—so that we can esdap&tylla of empty speculation and the
Charybdis of aimless accumulation of detail. If ceptual models were universally shared, they
could safely be left unstated; but models diffamia®n communities and change over time even
within a single community. Traditional modes of egfion, both academic and popular, are

highly conservative and often assume a shared stagheling that does not correspond to reality.
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The problem of the contemporary fragmentation aidedge necessitates a plastic knowledge

representation technology that accommodates bdéhastal models.

The Epistemic Web

In this last part of the paper we begin by artitoathefundamental principlesinderlying our
vision of a Web that can represent human knowledigejuately. We next discuss the
architectural cornerstonespon which the Epistemic Web can be built. Finalg are ready to
paint ascenarioof how the Epistemic Web should function and dic¢ate the gains we expect it

to yield.

Fundamental principles

The Web will become a universe of knowledge that pallels human knowledge After a

lifetime of laborious memorization, study, and Irgetual activity, some individuals manage to
obtain a set of rich internal representations avidedge that provide good overall coverage of a
single domain. Human memory is random access, guels can summon up numerous items
of knowledge quickly. But it takes a lifetime taagh this point, and few manage. Moreover, this
store of knowledge perishes with its owner; therea way of imparting the whole to students or
readers. The Web of the future offers hope: powsdarch tools will allow immediate access to
a wealth of knowledge (primary and secondary sajreehoes and commentary; critiques and
response) in a random-access fashion that pardiigisupersedes the limitations of, human
memory. And the Web will be able to represent mdy the complete store of structured
knowledge accumulated in a single lifetime by arexpert, but the collective knowledge of

humanity, structured with equal care and richness.

Private reading (and browsing) will be replaced bythe public creation of information. The
present economy of knowledge on the Web is strikiatpvistic, incorporating anachronistic
features of print culture that stretch back to @Gbtrg and indeed to the mediesatiptorium.A
traditional publication—and most Web publicatione precisely this—is a freeze-frame of
active, dynamic research and thought. The prodgsshdication involves technical and social
infrastructure that typically lies beyond the ramge single author. And what is published on
the Web idorowsed—a term that signifies a casual association of dwmnits In the Epistemic
Web, browsingwill be replaced by the purposefelderation of documents. Users will (in
accord with their interests and needs) choose wiocliments to view together; which
documents they wish to select as entryways intattreerse of knowledge; and which
documents should serve msster documentscontrolling the views of secondary documents.

These decisions do not remainvate (like annotations in books kept at home); ratttezy will
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result in the creation gdublic, shareable knowledge. One person’s views will bderavailable
to, and serve as potential starting points foreki@orations of, others. Of course, the publishing
of federations will be voluntary. On the currentVaser behavior is subject to surreptitious
methods of information capture (by advertisers)gtice Epistemic Web, by making federation

an explicit activity, will give users control ovite information they produce.

All data will be metadata, and all documents will le perspectives into the universe of
knowledge.Librarians ordinarily conceive of metadata asocacal structured vocabulary that
describes the contents and form of certain knovdadgresentations. By allowing for greatly
enriched links between documents (incoming as agetutbound links; multi-directional links;
transitive and intransitive links; links with atteerd semantic labels; links with specified
behaviors), the Epistemic Web will allow documetotsiescribe one another. Since any
document can refer to any other set of documerdecament may be understood as a
projection of the universe of knowledge that is instantiatethe Web. Each document serves
as aperspectiveinto the entire universe of available knowledge] the extent of the view from
this perspective is a function of the documentgrde of connectivity. Thus documents
resemble Leibniz’'s monads, which “are nothing mjgexts perspectivesof a single universe”
(Leibniz 1898, 857). Any document that is connedtedther documents is in one or another

sensaboutthose other documents, and it can be construatbtedata.

Architectural cornerstones

To increase interactivity and reflexiveness a nava@igm is needed to replace the
browser/server paradigm. The knowledge consumekaodledge producer will merge in the
knowledgeprosumer, a term that describes an individual who “co-inrtegaand coproduces the
products they consume” (Tapscott & Williams 200B86)L We use the termteragent to refer

to the key piece of software that will enable thpeskemic Web. The interagent will allow the
Epistemic Web prosumer to annotate existing doctsremd create new documents as easily as
the current Web user can browse documents. Theageat, like the Roman god Janus, looks in
several directions: it is the software that mediat¢eractivity; it allows information production
as well as consumption; and it breaks down thesiimibetween browser and server. We
envision the interagent as a thin client that rmms user’'s computer, but that is radically
extensible through Web services. Not only doesrttezagent provide access to the universe of
knowledge; it brings avorld of servicesto the prosumer’s desktop. The interagent camelxte
its repertoire of behaviors by discovering andazitig services available on the Web—for
instance, when it encounters a new document type new natural language, or a new set of

technologies for working with data of a particutgoe.

I\DAHLEM-KONFERENZEN\97WS_Globalization\BP\16_BPeRn_Hyman_.doc -14-



Jiurgen Renn, Malcolm D. Hyman group 4 bp 16

A key way of extending knowledge on the Epistemield/is federation of documents. A group
of federated documentds brought together by means diaerating document.For example,
a collection of geographical data sets may be &ddrinto anappa mundiOr several editions,
translations, and commentaries on a literary woaly fme federated intosynoptic editionin
general, federation is a way of bringing togethsswledge from existing documents to
represent new knowledge. Whereas in the traditidfeth the structures of links between
documents are mostly hidden and do not allow foogation, in the Epistemic Web these
structures will be exposed as federating docummoritaining enriched links. In turn such
federating documents may be annotated or recuysigderated. The interagent will offer
facilities for federation, which will be assisted tontent analysis technologies that can
automatically create provisional federating docutsethese documents will then be available

for extension and modifications by humans.

Scenario

The Epistemic Web will not be built all at oncendivation demands the narrowing of the gap
between developers and users. The architects ofetktegeneration Web can promote a
technically informed public by creating powerful, flexible, and modular totiiat are easy to
learn, easy to use, and guaranteed not simplysapgdear one day. The creation of such tools is
an ideal task for the flourishing open-source safsscommunity. New technologies will arise
from avirtuous circlein which technical developments support knowlegigesluction, which in
turn leads to new technical developments. CompueHipplications will attract users, leading to

positive network externalities, more contribut@sd further gains.

The Epistemic Web depends, of course, on contegitifation of current knowledge stores is
essential but is not enough: knowledge must besadue, findable, and available for the
recursive production of new knowledge. Here theegt@chnical challenges as well as the legal
and social challenges of evolving property rigbtéittthe new knowledge economy. Open-

access content is crucial for the growth of knowkd

The development of knowledge in new areas will ssitate new models for federating
documents. Current models such as the encyclopeatiz! (exemplified by Wikipedia) and the
geospatial model (exemplified by Google Earth)@yeverful structures for organizing a large
amount of knowledge. But they ultimately are omigremental improvements on content models
that have been in use for more than a millenniuew& begin systematically to explore new
large-scale topics, such as the comparative stigipbalization processes in history, we will

need new knowledge representation forms to accorataciich phenomena as layered time

I\DAHLEM-KONFERENZEN\97WS_Globalization\BP\16_BPeRn_Hyman_.doc -15-



Jiurgen Renn, Malcolm D. Hyman group 4 bp 16

developments within a geospatial context. One rebearea of considerable importance is
visualization methods,that is, “systematic graphic formats, that cambed to create, share, or
codify knowledge” (Lengler & Eppler 2007).

The Epistemic Web will have to besastainable ecologgf knowledge, affording a place for
established knowledge and creating space for newletge. There will be niches for
grassroots innovation as well as for conservatgétutions. The Web will grow in an
innovation-stabilization cycle. Some innovations will showcase powerful néeas that need
to be reimplemented with greater generality. Samevations will serve the purpose for which
they were constructed, and all that will be needeah infrastructure to ensure their longevity.
Some innovations will be dead ends; they can bgotten, or remembered only as negative
examples. Stabilization will ensure that the Webadscobbled together from prototypes and
experiments. Successful innovations will becomeastfucture that allows for the next wave of

innovation.

The accumulation of knowledge is only possible wheathanisms exist to ensusdiability.
Knowledge must be grounded at a low level. In dstladd genres of writing, baseless
statements can be couched in the language of @ytradlowing them to masquerade as reliable
knowledge. Ultimately, higher-level knowledge mhstgrounded in low-level, concrete,
foundational knowledge. A knowledge representatémmnology based on the principle of high
connectivity will help ensure that there is a chafiexplicit links that allows knowledge to be

verified.

Current discourse about the Web centers araufiodmation,a word that suggests an
undifferentiated, interchangeable commodity, anitivis often used in an imprecise way that
reflects a “conceptual creolization” (Nunberg 199G)owledge, by contrast, is highly

structured and is tied to agents: it is wingividuals,or social groupspr all peopleknow.
Knowledge arises dynamically through equilibratmncesses. The Epistemic Web constitutes a
novel technology that accommodates both local doloiady both egalitarian and expert
knowledge. By allowing for the equilibration of $udisparate kinds of knowledge on an
unparalleled scale, the Epistemic Web will makesgas the next stage in the globalization of

knowledge.

We have presented a scenario for the Epistemic Walposes considerable technical and social
challenges. We believe, however, that new thinksngeeded to transform the Web into a
technology that facilitates the production of knedde in a complex global society. Left to

develop in a haphazard fashion, the Web will nonhsaneously evolve in a utopian direction.
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Indeed, the alternative to an Epistemic Web mag éeb in which there is a growing digital
divide of competence, a commercial monopoly on@aita lack of open standards and
infrastructure, restrictions on innovation, andnui¢ttely aforking into two Webs: a Web of slick,

mainstream content for the many; and an undergralteinative Web for the few.

Problems and Open Questions

What is fundamentally new about the Web as a kriyeleepresentation technology?
What are the shortcomings of the present-day Web?

What are the options for future developments oited?
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