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Abstract

Knowledge management is an increasingly importa
source of competitive advantage for organizations. Know
edge is a renewable, re-usable and accumulating asset
value to firms that increases in value with employee exp
rience and organizational life. Knowledge embedded in t
organization’s business processes or the employee’s sk
are assets are generally hard to discern, accumulate a
replicate by competitors. It provides the firm with uniqu
capabilities or “resources” to deliver customers with a
product or service. In contrast, as we undertake electron
commerce, customer interfaces and business strategies g
erally become more visible to competitors. Thus, the o
ganizations capacity to effectively accumulate and levera
knowledge assets better than its competitors becomes a
source of competitive differentiation.

As firms become more knowledge intensive, more eff
is being expended on knowledge management (KM). Wh
much progress has been made on designing IS to supp
decision making, the art and design of KM systems to p
serve, index, formalize and leverage knowledge in organiz
tions is still new (see O’Leary [1] for a review of best prac
tices). Knowledge is fundamentally more complex than
formation or data, and systems supporting knowledge ma
agement have a broader range of design issues.

This paper reviews approaches to knowledge manag
ment support systems (KMSS) and proposes the need to
sign systems that carefully map their features to target org
nizations and user groups. We illustrateAnnotateas a spe-
cific KMSS designed to support the knowledge managem
of document collections in federated organizations whi
lack common vocabularies and central authority.

This work has been supported in part by the Fisher Center for Mana
ment of Information Technology, Prof. Arie Segev, Director, and by NS
Grant No. 9319331, Prof. Ajit Kambil, co-principal investigator.
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1. Knowledge Management Support Systems

Knowledge management support systems require new
sign principles because knowledge fundamentally diffe
from information and data in organizations. Knowledg
is an organizational member’s experience and values co
bined with and shaped by the information contained in va
ious systems and data provided to the person [2] [3]. It
intrinsic to organizational members and focuses on the
formation recipient. In contrast, data refers to a set of di
crete, objective facts about events recorded in an organi
tion and information provides organizational members wi
contextual meaning to the data.

Knowledge can be tacit or explicit [3]. Tacit knowledge
is the beliefs and values that are hard to express but infer
from the behaviors of organizational members. Explic
knowledge is easily expressible such as the formalization
an organizational routine or process through a flow diagra
Organizational and individual knowledge is created throug
a continuous dialogue between the tacit and explicit know
edge of individuals. Ideas are formed in the minds of ind
viduals, but interaction between individuals typically play
a critical role in developing these ideas. Nonaka [3] iden
fies four knowledge transformation processes: socializati
(tacit to tacit), internalization (explicit to tacit), externaliza
tion, (tacit to explicit), and combination (explicit to explicit)
[3].

While new knowledge is developed by individuals, or
ganizations play a critical role in articulating and amplify
ing that knowledge [2]. This requires organizations to pro
vide a working infrastructure, composed of a set of know
edge management support systems (KMSS), and mean
ful policies for knowledge sharing. Such an infrastructur
would allow users to easily share information, with policie
that provide incentives to organizational members to part
ipate in knowledge sharing and refinement activities. Th
information shared among members should reflect their v
ues and beliefs about the information stored and exchang
10.00 (c) 1999 IEEE 1
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to support KM.
As KMSS are embedded within an organizational syste

they must also be designed to fit within the cultural value
authority structures and other design features of the org
zation. Thus knowledge management consists of both
implementation of information systems and organization
systems with incentives, processes, and tasks to collectiv
generate, refine and manage organizational knowledge.
IS systems increasingly support KM we denote syste
supporting KM as KMSS to note that an information sy
tem is only a support tool in an overall organizational KM
system.

The ideal knowledge network as conceptualized by No
aka assumes efficient search and retrieval of an abst
knowledge base; however, he does not indicate design
proaches which would bring about this efficiency. This p
per introduces theAnnotatesystem to address the problem
of design of an enhanced retrieval software tool for retrie
on un- or semi-structured document archives. TheAnnotate
system captures user histories in a typical search ses
and, through the annotation facility, leverages the collect
intelligence of the search community.

The remainder of the paper reviews critical issues for t
design of KMSS in Section 2 and moves onto KMSS ch
lenges, both technical and organizational, in Section 3 . S
tion 4 presents theAnnotatesystem, our software tool to
explore KM in the domain of Web-based document arch
structure and retrieval. Section 5 presents first a tech
cal review of the two fundamental data structures under
ing Annotate, thediscussionand thesessiondata and dis-
cusses the organizational implications of this architectu
Section 6 discusses an ongoing field experiment with
Annotatesystem with special emphasis on incentive co
siderations. In Section 7 we discuss lessons learned f
this project and provide concluding remarks.

2. Critical Issues in the Design of KMSS
Despite the widespread interest on KM in general, the

has been surprisingly little work on what might constitu
an effective KMSS and the tradeoffs an organization mig
face in achieving its KMSS goals. For example, KMSS sy
tems often have some or all of the following componen
[1]:
� A Data or Knowledge warehouse — as the organizat
ages and continues to store transaction data in the w
house, the costs to ensure efficient retrieval on the data s
may increase sharply.
� Knowledge search and discovery mechanisms which
a particularly difficult problem in the case of multimedia
for example streaming audio and video.
� Knowledge representation via an ontology which prese
a significant tradeoff. If an organization imposes an ont
ogy on a series of document collections, there is the po
bility of vocabulary conflict across business units. As P
0-7695-0001-3/99 $
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jtersen notes [4], there is a significant cost associated w
forming classification schemes which cover the organiz
tion’s various work domains. For example, GrapeVine (
vendor product) uses a ’knowledge chart’ to list topics of in
terest to end-users. This chart is manually set up by dom
expert(s) beforehand, and in addition there is another se
cost: experts are designated for each topic which sort do
ments in legacy databases such as Lotus Notes and clas
them according to importance. Users set up profiles on t
topic and importance dimension and thereafter docume
are broadcast to matched users via e-mail.
� Knowledge quality control is an important organizationa
goal; for example, establishing a minimum level of credibi
ity for entries in a given knowledge base.
� Knowledge visualization techniques are a burgeonin
field. For example, Phelps and Wilensky [5] have been r
searching Java applets at the client side to improve the p
sentation of documents (separating them into text, scann
OCR pages, and other layers).

These components have to be integrated into a syst
that provides the functionality in the previous sections an
maps to organizational requirements. The integration
done through the human organization and processes
overlay a KMSS. The integration works best when th
KMSS features fit well with the organization structure, pro
cesses and values.

Without effective retrieval, information islands in a
federated organization do not diffuse well across intr
organizational boundaries. Hence, knowledge transfer
limited in any structure with sub-optimal retrieval facili-
ties. For example, if an organization relies on Lotus Domin
to search its Web document archives, only Notes databa
will be consulted: other Web servers (Unix, NT, Mac) wil
be not be included1.

3. Challenges of Designing a Web-based Doc-
ument KMSS
There are both technical and organizational factors whi

impact the design of a Web-based document KMSS. In th
section, we review the key properties of documents in a W
development environment and discuss key features of
organizational document publishing process that we mu
keep in mind when designing the KMSS.

3.1. Documents as Web Knowledge Bases

In contrast to well-structured fielded database, unstru
tured or semi-structured (template-based) documents rep
sent an increasingly important part of organizational know
edge bases. Documents have the potential to be highly
pressive, with embedded multimedia objects. While e

1The Annotatesystem had to solve the important subproblem of inte
grated search across Unix and Domino servers in the field test descri
in Section 6 . Federalist firms are especially likely to require an integrat
search mechanism across multiple server platforms; for technical det
see [6].
10.00 (c) 1999 IEEE 2
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pressive and strong in presentational markup (renderin
they are often poor in semantic markup making knowled
search and discovery difficult.

The Web facilitates distributed document publishing b
virtue of its open HTTP protocol [7], however professiona
document work products typically incur a high cost of cre
ation in time and effort.

Another problem of documents in a Web environment
inadequate support of the HTTP protocol for shared ed
ing. There is active research studying a tighter integrati
of the Web with groupware systems. For example, Bentl
et al.’s BSCW system [8] helps users manage projects a
perform document workflow, much as Lotus Notes does.
addition, since the inception of the Web there has been
terest to help users share documents. In a recounting of
origins of the Web, Robert Caillau tells us in an interview
that: “The first [CERN web editor/browser made] no dis
tinction between editing mode and browser mode. We lo
all that along the way” [9]. In 1994, Frivold et al. modified
the NCSA Mosaic client to support shared edits [10]. Oth
early annotation facilities were described by R¨oscheisen et
al. [11]; more recently Salcedo and Decouchant [12] deli
eated an architecture to to enable workgroups to edit do
ments collaboratively at the sub-document (paragraph, s
tence) level. TheAnnotatesystem does not make use o
these advanced in-place edit or workflow features; rath
its lightweight annotation facility leaves the core docume
untouched.

3.2. Document ’Marketing’ on the Web

Document repositories which span multiple intranet We
servers pose a marketing problem. With the advent of lo
cost WWW publishing, it is quite easy to place a docume
on a given intranet server. It is quite another matter alt
gether to to let other business units know that a new do
ument repository exists, or that interesting new docume
exist on a server that another business unit may not con
very often.

The Web moves the firm to a peer information mode
where clients can easily access servers throughout the
tranet. Intranets in federalist organizations (those wi
semi-autonomous business units) [13] face practical dif
culties. If each business unit maintains its own intran
server, a given business unit may become used to search
only its own server. How to increase the scope of the sea
so that functional overlaps between business units might
exploited? Note that the increased scope means that the
greater information throughput (and consequently, grea
potential for knowledge gain) in the aggregate.

3.3. Pre-Coordinate Ontology vs. Post-Coordinate
Full Text Search

Document indexing and search can be implement
through pre-coordination or post coordination. In pre
0-7695-0001-3/99 $
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coordination, the documents are associated with subje
headers by a collection administrator. The subject heade
follow a standard order, for exampleMexico — Economy —
Inflation. Post-coordination is so named because the ke
words are combined at search time; there is no subject te
taxonomy specifieda priori.

Pre-coordination implements a centralized ontology, b
the effort to set up an ontology and classify documents
manually intensive. As a knowledge base grows, it becom
difficult and expensive to create ontologies and reconci
classifications to suit the interests of many different user
This problem is compounded as the interests of the know
edge/information seekers increase and diverge. Any KMS
system which implement static ontologies for classificatio
and selection of control vocabularies must face this issue

If an organization decides to map documents in heterog
neous databases to knowledge structure, as described in
Andersen consulting case [1], the maps themselves are s
ceptible to political processes, often hiding controversial a
eas and thus limiting the total amount of information avail
able [2].

Organizations usually resort to post-coordination or full
text search and impose no vocabulary control. In standa
Web-based full text search, we encounter problems such
homonymy, where words mean different things in differen
contexts, lowering precision and synonymy: search engin
that lack a good thesaurus will artificially deflate the confi
dence scores of documents containing synonyms to the ke
words.

3.4. Organizational KMSS design challenges

In addition to technical challenges organizations ofte
lack adequate incentives for knowledge sharing and ma
agement. These difficulties are often exacerbated in eme
ing federalist organizations which are dynamic, team bas
problem solving structures with distributed authority. The
first decision business units make is the choice of speci
groupware products, such as Notes (Domino) or intran
product suites [14]; the broader issue is how to organize t
documents accessed by the groupware product to facilita
knowledge transfer.

As a result it is not surprising that most systems in th
past have covered limited domains (see the O’Leary exam
ples [1].) As document publishing is simplified, and In-
tranets link individuals in organizations to rapidly expand
ing Web document bases, the previous problems in the d
sign and maintenance of KMSS become more pronounce

4. Annotate: A Web-based Document KMSS
Typical Web Full Text Search (WFTS) engines which

provide post-coordinate search have deficiencies whi
translate into inadequate support for KM. For example
there is no way to share resource discovery made duri
the course of an ad-hoc search session for one’s future u
10.00 (c) 1999 IEEE 3
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or between users. There are also extremely limited data a
metadata clues to assist the user as he or she traverse
system from the front-end (the Query Layer) to the inte
mediate layer, which is an array of hyperlinks to the co
documents (the Retrieval Layer) and on to the bottom lay
the Document Layer. In a typical implementation, the us
has no knowledge of others’ prior searches or results at
Query front-end and has very few clues of what the mo
interesting documents might be at the Retrieval layer.

To address some of these problems we have develo
Annotatewhich provides a flexible KMSS to support feder
ated document search and retrieval. Motivation forAnnotate
also comes from the CSCW field.Annotateis first and fore-
most a collaborative tool to help groups work together. A
such, it stands rooted in the CSCW community. As Bentl
et al. and Bowers note, we need to move out of the labo
tory when studying technologies with enable collaboratio
[8] [15] and into the field. Thus we evaluateAnnotatein a
field experiment, realizing that work that appears to promi
great gains may run into severe problems in their situatio
and use [15].

Increasing the data and metadata clues at each laye
the search navigation chain will aid in search efficiency an
aid in the process of knowledge discovery, thereby real
ing more of the knowledge potential of document archive
wherever they may be found in the corporate intranet. Th
is similar to the metadata focus in recent electronic do
ument management work. For example, in the docume
management system described by Balasubramanian
Bashian [16], document metadata (attributes bestowed b
legacy document management application) are captured
used by the web search as a attribute-value search alter
mechanism to full text search.

One of the driving factors behind theAnnotatedesign is
to enable Nonaka’s knowledge management processe
socialization, internalization, externalization and combin
tion by:
� capturing individual and aggregate document apprais
(a means to aggregate individuals‘ externalization, or use
metaphor to express others’ tacit knowledge),
� using individual appraisals of documents to augment do
ument content (to support readers’ internalization on an o
going basis)
� using individual appraisals of documents to support a re
ommender system (which improves the efficiency of th
search by filtering out unwanted documents, for examp
those from an untrusted domain),
� using individuals’ free text annotations to support com
bination or the reshaping of information and data from on
information system to another,
� and using the free text annotations as well to weakly su
port socialization or the transfer of tacit knowledge from
one individual to another.

Annotateis predicated on the principle that the users an
0-7695-0001-3/99 $
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creators of knowledge best know the information relevant
their knowledge management task and that they can mo
effectively filter, discover and signal useful knowledge to
their peers than an automatic system.

As annotations accrue in the system, so do the reaso
the annotator had for making the note. Both the annot
tion text and its rationale (metadata) are logically bound t
the core documents, thus increasing the semantic cont
of the document repositories.Annotateimplements astar
structure: “for each document, there is only one level o
annotations — annotations of annotations are not possib
Stars are simpler for users in some ways because one
read through all unread annotations in a sequence. Sin
new annotations are always appended to the end of the l
one knows that readers are seeing the same thing, and t
the conversational style of communication is well modeled
[17]. The alternative, atreestructure where annotations can
be made to annotations, diminishes the distinction betwe
the (lengthier) core document and the brief secondary a
notation — we wish to make the annotation process simp
and limit the length of the annotation entity while keeping
attention on the core document which had a greater soc
cost to produce. The tree structure works well where th
core document is also a brief note, such as LaLiberte’s H
perNews system (hosted athttp://www.hypernews.org/) for
Web-based threaded Usenet-style discussions. Note that
star structure does not preclude annotation post-process
to create more than one level of annotation. For examp
one dynamic extension toAnnotateis to scan annotations in
batch for common hyperlinks or keywords and create inte
annotation links at regular intervals.

4.1. A Tour of the AnnotateSystem

In a typical user session, the Query interface as shown
Figure 1 resembles that of a standard Web Full Text Sear
Engine, for example, Alta Vista, or Excite. The user en
ters keyword(s) to reach the Retrieval interface, a set of h
perlinks to base documents. There is an enhancement
standard full text search shown in this figure: the first is th
ability to filter the result set by annotation domain or to set
minimum aggregate quality rating. Shown is a cutoff of 6.
(out of 7.0) as a Quality Filter considering only theFUND
ADMINgroup annotations.

The result of the query is an array of hyperlinks — the
Retrieval Interface. An excerpt of this screen is shown i
Figure 2.

Reading from left to right in the first row (see Figure 3
for the icons and their meanings2), the leftmost four icons
represent the most recent annotation for the DocumentIn-
teresting Servers on Related Subjects. A user fromD (do-
main) ofEQ(Equities) assigns aQ (quality) rating of 3 (out
of 7) and aF (factual accuracy) rating of 6 (out of 7). The

2The Likert 1—7 scale is mapped to a spectrum of facial expression
similar to Koda and Maes [18] in their interface agent usability study.
10.00 (c) 1999 IEEE 4
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Fig. 1. AnnotateQuery Interface with a Social Filter Selected

Fig. 2. Retrieval Layer Alterations in theAnnotateSystem
0-7695-0001-3/99 $10.00 (c) 1999 IEEE 5
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reason for annotating is that the document was perceived
be out of date (the icon is a clock with anX through it). The
next set ofD;Q; F;G icons represent the next-most recen
annotation. In this case, theFX group (Foreign Exchange)
assignsQ = 6, F = 7, with a reason of “a more genera
lesson can be drawn” (the light bulb icon).

Figure 3 shows the complete range of possible icons th
can be attached to the Retrieval Layer.

We then present aggregate statistics about the docum
annotations to date:�Q = 3 is the aggregate quality rating
and �F = 6 is the aggregate factual accuracy rating. O
the right we have the conventional Excite confidence sco
followed by a hyperlink to the core document. The confi
dence score is color-coded according to levels of annotat
activity (blue — cold, green — medium, red — hot, with
the exact cutoffs an implementation decision) to provide
extra metadata signal.

ThusAnnotate, with its timely modifications of the re-
trieval interface, contributes to the organization’s memo
store which “concerns itself with usually recent events an
outcomes within an organizational context and for organ
zational purposes” [19].

From the retrieval layer, users can also create a rep
on the most commonly queries keyword(s) to date, or t
most heavily annotated documents to date, or the high
rated documents to date along several dimensions using
Session Data (cf. Section 5 .3).

The user selects a document hyperlink in Figure 2
reach the Document Layer.

Figure 4 shows the user in the process of creating a n
annotation; the form is kept simple in order to encoura
participation in the system (i.e. lower the opportunity co
of annotating). Annotations grow the discussion data sto
and make add value to the document recommender syst
As users contribute annotations over time, filtering can b
come a powerful mechanism to limit spurious results. Th
is depicted schematically in Figure 5.

To accomplish knowledge search and discovery mech
nisms, documents and annotations are indexed using the
cite search engine. The user can search using keywords,
refine the search filtering on annotation variables. Know
edge quality control is a subjective process which is com
pletely dependent on the user. Annotations can provi
readers with rich data and opinions to aid belief deve
opment about the documents. Furthermore, readers w
frequently contribute high-quality annotations can becom
opinion leaders and in a fully authenticated system will ga
a sort of ’brand-name’ recognition causing their notes
gain readership.

To aid in knowledge visualization, we use various sma
icons to denote appraisals and comments on the docum
and convey them quickly to users.
0-7695-0001-3/99 $
to

t

at

nt

re
-
n

n

y
d
i-

rt
e
st
he

o

w
e
t
re
m.
-

s

a-
x-
nd

l-
-
e
-
ho
e
n
o

ll
nts

5. AnnotateSystem Architecture

Two key data stores,discussiondata andsessiondata, un-
derly theAnnotatesystem. In this section we describe thes
data structures and show how they relate to the interfa
layers a user encounters in a search session.

5.1. The Discussion Data Store

The discussion data store stores the appraisal ratings,
free-text annotations of specific documents, and the reas
for annotating (document out of date, a ’see’ reference
another document, and so on). The discussion store is a
brid of the originally published (’core’) document with zero
or more annotations. The annotation Document Type De
nition (DTD) is declared in a eXtensibleMarkupLanguage
(XML) Document Type Definition3.

Figure 5 presents the high-level view of the relationsh
between the discussion instances and the information
trieval interface layers (Query, Retrieval, and Documen
The Document layer is a receptacle to collect annotation
When an annotation event occurs, the discussion data st
grows. This growth in turn may alter the look and feel o
the Retrieval layer depending on simple trigger rules (ref
to Section 4 .1 for a full description).

Annotations add value to existing data: a legacy HTM
or ASCII document is now coupled with XML annotations
adding value to the existing document base by increasing
overall semantics. This conforms to Maurer’s recommend
tion that metadata be increased in legacy document store
facilitate customized information access [20].

The annotations help users to refine their search by fi
tering on the annotation categories and enables collabo
tive (social) filtering as discussed theoretically by Aver
and Zeckhauser [21]. The annotations help users to soc
ize through allowing asynchronous collaboration, interna
ize or combine knowledge through looking at user define
annotations that guide to other sources, and support ext
nalization by providing a mechanism for expressing annot
tions. Anonymous but authenticated annotations identifyin
the authors’ workgroup can increase trust within an organ
zational setting.

Finally, the discussion instancesleverage the weaknesses
of conventional full text information retrieval. The Anno-
tate system anticipates that the results of full-text querie
lack precision and are often spurious in the context of th
original query. Annotations allow us to capture individu
als’ associative trails, and note interesting documents ev
if they did not match the original query; this has the poten
tial to create new knowledge with subsequent system use

3The DTD is available athttp://edgar.stern.nyu.edu/xml/discussion.html.
The DTD can be published on the network and revised for site-speci
customization.
10.00 (c) 1999 IEEE 6



Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999
Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999
Fig. 3. The Icon Legend

Fig. 4. Document Layer: Creating a New Annotation
0-7695-0001-3/99 $10.00 (c) 1999 IEEE 7
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solid lines = user navigation path

broken lines = user annotation facilties
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Fig. 5. The Discussion Data Store influences, or is influenced by, all of theAnnotateInterface layers
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5.2. Policies to Manage the Discussion Instances

To realize the benefits of discussion data, organizatio
need to have supportive policies for knowledge manag
ment. Three policy decisions regard:
� Incentives and rewards for adding annotations and co
versely, sanctions for non-participation, may be chose
Without an explicit incentive scheme, Orlikowski [22]
demonstrated that Lotus Notes groupware was not w
utilized at a management consulting company because
workers had little incentive to share information. The trade
off to supplying annotation is the cost (time and effort
of constructing the notes versus the value of becoming
opinion leader and/or distinguishing oneself from one’s pe
group.
� The level of anonymity of the annotator can be specifie
anonymous, semi-anonymous (only the workgroup iden
fied), or non-anonymous. Prior research highlights the im
portance of anonymity but says little about group identifi
cation. For example, the social issues of anonymity and a
notation have been explored in the Group Support Syste
(GSS) setting by Connolly, Jessup and Valacich [23] wit
the result that anonymous readers are more likely to off
critical remarks.
� Annotation controls may be imposed. It is possible t
limit the annotator population to designated experts in
given subject. For example, theAnnotatesystem can be
extended to form a scholarly peer review system where
domain experts annotate a draft manuscript.
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5.3. The Session Data Store

The session data store keeps track of user queries,
words, retrieval lists and the timings of the users’ navigati
through the document base. The relationship of the ses
instances to the search interface layers is shown in Figur

As Figure 6 shows, the experimenter can use session
to evaluateAnnotatein a field setting. We have written cus
tom data analysis modules to perform more sophistica
tests of system usage; for example, in-depth analyse
document readership demographics and the times spe
the Query, Retrieval, and Document interface screens4.

6. Evaluating theAnnotateSystem

We are presently evaluatingAnnotatein an ongoing field
trial at a federalist financial services firm. We are collec
ing system variables, such as user navigation timings, d
ument readership demographics, and annotation statis
We also collect qualitative data such as general user sa
faction measures and suitability of the system to the tas
hand.

Thus far, few readers (� 8 per week, data collected
weekly, 8 data points collected thus far) are choosing
annotate in this setting. In each week’s sample, there
between 5,000 and 7,000 Intranet accesses and betwee

4If the user is inactive at the document layer for a period of time, th
returns to the same search session, the browsing time for that docu
will be inflated. More than one distribution can be expected in this da
Technical details are available in [24].
10.00 (c) 1999 IEEE 8
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Query
Interface

Retrieval 
Interface

Document
Interface
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solid lines = user navigation path

Data 
Analysis
Modules

System
Evaluation

dashed lines    =  interface inputs and outputs
                           to and from the session data store
heavy dashed 
lines                =  system evaluation pathway       

capture timings 
and aggregate
usage history

Reporting
Capabilities
on Usage History

Fig. 6. Session Instances Provide Interface Timings and Usage History
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and 60 web searches. This result can be thought of grap
cally by the Schelling Diagram shown in Figure 7.

0 1

FR

Q-
t Q+

C

Fig. 7. Incentives and Social Considerations Alter the Free Ridership
Cooperation Curves

In this figure, the incentives facing the marginal choos
are shown contingent on all others’ choice. Going from t
left (0, or no cooperation) to the right (1, or full coopera
tion) we consider the marginal choice. The vertical distan
0-7695-0001-3/99 $
hi-

nd

r
e

e

from the horizontal axis measuresV , the value to the indi-
vidual[25] for choosing Free Ridership (FR) or Cooperatio
(C).

There exist two equilibria in Figure 7. The inferior one
Q�, is reached when the cooperation level is shifted to t
left of thetipping point, t. The superior equilibrium,Q+, is
reached when one moves to the right oft.

The low levels of annotation activity are consistent wit
an inferior equilibrium point ofQ�. Management has of-
fered no explicit positive incentives to participate, and th
promotional e-mail announcing the system merely solicite
usage in general terms, which cannot be construed as a n
ative incentive (risk to non-participants).

Still, some users may attach social value to the act of a
notating. For example, a user might want to help his or pee
improve the quality of a work product and offer constructiv
feedback using theAnnotatemechanism. Others may have
private, self-interested reasons for annotating. Suppose
author wants to attract attention to his or her document. H
or she might ’bootstrap’ the system by adding some ann
tations, to make the document appear ’busy’ (changing t
Retrieval Interface to add annotation icons).

The social challenge therefore is how to move most e
fectively fromQ� to Q+. Keeping in mind that the or-
ganization must be able toafford the incentives (the cost
must be lower than the gain expected) one possibility
10.00 (c) 1999 IEEE 9
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to recognize the most active secondary authors publicly
a broadcast e-mail. Another way to increase positive s
cial perceptions of annotating is to broadcast the annotat
event to the original author(s), thus accelerating informatio
throughput. Again, this extension must be carefully mapp
to organizational policies and norms.

7. Conclusions and Further Research

The WWW and Internet technologies enable new wa
of implementing KMSS.Annotateprovides one mecha-
nism to support knowledge management in federated
ganizations focusing on documents as repositories of r
evant information for knowledge creation and use. Fe
erated organizational forms are becoming more prevale
in a knowledge economy. The WWW and Intranet facili
tate distributed document publishing necessitating effecti
storage,retrieval and KM mechanisms. KMSS should be d
signed to fit the organization form and enable organizatio
to implement policies for effective knowledge sharing.

Annotations improve the overall semantics of Web do
ument (ASCII or HTML) by declaring user values and be
liefs formally about documents.Annotatein an Intranet in-
creasesknowledge throughputby increasing the flow of rel-
evant information across business units. Even when us
pursue documents irrelevant to the original query, the po
sibility of capturing subjective reactions will help in this
regard. Annotatebegins to instantiate Nonaka’s ideal o
theknowledge networkthrough provision of recommenda-
tions and navigation assistance. Furthermore, by helpi
to increase the knowledge value of document repositor
which span many business groups,Annotateis designed to
increase the interoperability of federated document colle
tions [26].

Ultimately, such a system’s effective use will be pred
icated on organizational policies and choices users ma
to define their own ontology. As we apply this tool in or
ganizational settings, our current research examines inc
tives, authentication, anonymity and the impact of oth
policy choices on system use and effectiveness. Spec
cally, we are modeling knowledge as a ”collective organiz
tional good”, examining different levels or authentication
anonymity and policy choices on system use and effectiv
ness. Tools likeAnnotateenable us to easily collect data
and study the diffusion and sharing of know-how in organ
zations through electronic means.
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and Terry Winograd, “Interoperability for digital libraries world-
wide,” Communications of the ACM, vol. 41, no. 4, pp. 33–43, April
1998.
10.00 (c) 1999 IEEE 10


