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Abstract. In order to improve the communication
and the cooperation among the personnel opera-
ting in the local healthcare area ASUR ZONA
Territoriale 7 we are developing a knowledge
management platform for healthcare practictio-
ners. Actually the platform comprehends a tool for
the automatic annotation of forum messages and a
service for the generation of networks of practice.
Both the systems are based on a knowledge acqui-
sition module that analyses the textual content of
messages and documents to trace the profiles of
practictioners. The representations of messages
and profiles can be categorized by unsupervised
pattern recognition algorithms. These algorithms
are capable to set the optimal number of catego-
ries, requiring only the choice of a suitable simila-
rity function and a structural criterion.

1.Introduction

The 2003-2006 italian sanitary plan has defined
the modalities of supplying the sanitary assistance
of services in the local areas establishing the roles
of the various medical practictioners and the way
they should interact working together. Such a good
level of cooperation among medical practictioners
can be guaranteed only through an efficient com-
munication. The whole medical staff has to be
informed about the current research and the assi-
stance activities perfomed by the colleagues. This
awareness can favour the search of competencies
necessary to support the activities of medical prac-
tictioners at best. Therefore it is necessary to deve-
lop tools of knowledge management (KM) in the
organizational intranet which are able to update

the profiles of all the practictioners, helping them
in their job and promoting the creation of kno-
wledge within the healthcare system..
The nature of knowledge has been well debated in
literature. Several definitions have been provided
which are often very dissimilar each other, but
almost all the researchers seem to confirm that
knowledge is strictly related with data and infor-
mation. Knowledge is needed to interpret correctly
data and information, but once a meaning has been
assigned to them a new status of knowledge arises.
The process that leads to the creation of new kno-
wledge is known as SECI ( Nonaka , Toyama and
Konno 2000 ) and gets through the socialization,
the externalization, the combination and the inter-
nalization of knowledge. Knowledge cannot be
processed as information because it is continuou-
sly recreated and reconstituted through dynamic,
interactive social networking activity. So the pro-
blem of knowledge sharing in organizations is
essentially a problem of coordinations among
actors in organizations.
As pointed out by Stenmark (2002), much of the
research conducted on knowledge management
systems was influenced by a mechanistic and ratio-
nalistic view of organizations, that were considered
principally as machines for information processing.
But this scientific management, too linked to the
concept of control, didn’t encourage the active
cooperation of workers and the creation of new
knowledge.
Great part of literature on knowledge management
(Nonaka, Toyama and Konno 2000) attempts to
design orders that will be efficient for companies.
However managing knowledge by design is a pro-
blematic task not only for the difficulty to articula-
te knowledge, but the concept of design itself
tends to ignore the constantly changing circum-
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stances under which knowledge is in use, i.e. the
ever changing environment. So the traditional rhe-
toric about knowledge management as a pheno-
menon consisting of distinct phases (gathering,
collecting, capturing) for constructing, distribu-
ting, storing knowledge as defined by Huber (1991)
and Pentland (1995) is now little relevant. Instead,
concepts conceiving knowledge management as
knowledge sharing, knowledge search and kno-
wledge transfer have become important (Kautz et
al. 2001).
The cognitive dimension of knowledge gives rise to
a wholly different view of the organization, not
seen as a machine for information processing but
as a “living organism” characterized by the presen-
ce of a spontaneous and not imposed order.
Viewing orders as emerging in a spontaneous way,
they became the product of the action of many
people but they are not the result of a single human
design (Hayek 1973). As underlined by Hayek, in
any group of workers of more than the smallest
size, collaboration will always rest both on sponta-
neous order as well as on deliberate organization.
However sometimes the complexity of the circum-
stances to be taken into account requires the rejec-
tion of any type of predefined order, yielding to the
reduction of the control capacity of the company,
but in this way organizations can benefit from the
specialized knowledge possessed by the individual
members.
The so called “knowledge based organizations”
can be seen as open and dynamic systems (Burns
and Stalker, 1961) whose major issue is to find
creative ways to represent and integrate knowled-
ge across their lateral units (Nonaka 1994).
Luckily Internet, Intranet and Web technologies
allow practical capture, sharing and leveraging of
information and knowledge. Organizations can
utilise Intranets and KM systems to share indivi-
dual, departmental and organizational informa-
tion, enhance communication between communi-
ties, maintain virtual discussion and support colla-
boration within and across organizational, depar-
tmental and global boundaries. But all these
technologies must be used in a proper way, consi-
dering the three main perspectives of knowledge
management suggested by Stenmark (2002) : the
information perspective, the awarness perspective
and the communication perspective, means that
they must induce the workers to provide new infor-
mation, they must advice the workers of the pre-
sence of new useful information and they must
favour the developing of communitities of practice
where knowledge is shared among the workers and
continually grows.
The tools presented in this article are aimed to
enhance the creation of communities whithin an
organization.

The first is a tool for the automatic annotation of
the messages posted in an organizational forum of
discussion. The system allows to detect all the
messages already present in the forum archive
which are related to the posted request. In this way
a person can get in touch with much more people,
not only with the ones that answer directly to his
message as it happens in classic forums.
The second is a knowledge management system
that continuously update the profiles of the users,
optimizing their searches and detecting groups of
peers with similar experience and objectives.
In collaboration with the Advanced Research Center
on Health Informatics of Ancona (Italy), we are
going to test these knowledge management tools
within the local healthcare system community. The
local healthcare agency ASUR Zona Territoriale 7
provides for 240 practictioners and more than
1400 specialists who operate in 15 different muni-
cipalities. So the number of users is sufficiently
high and distributed to justify the use of knowled-
ge management tools that can effectively lead to an
improvement of the coordination and cooperation
between peers (Dieng 2000). We think that the
adoption of the knowledge management services
will favour the sharing of knowledge and informa-
tion within this particular healthcare area.
Both the systems are based on a knowledge acqui-
sition module realized on the basis of a psycholo-
gically valid model of discourse comprehension
(Kintsch, Patel and Ericsson 1999). This module
represents the content of a text with a graph of
words extracted from it, a graph that is used to
update a statistical model of the knowledge acqui-
red by the system. This knowledge representation
is used to represent the semantic domain that cha-
racterizes the forum and the cognitive models of
the users of the knowledge management system,
and it is also used to optimize the analysis of new
texts.

2. The Knowledge Acquisition Module

It is generally made a distinction between two dif-
ferent types of knowledge : the explicit one and the
tacit one (Nonaka 1994, Polanyi 1967), the first can
be expressed in words, numbers and images and it
can be shared through the modern communication
technologies.
The tacit knowledge is instead constituted by men-
tal models that cannot be articulated easily, but
which influence the way a person perceives the
world around him. For example though we are able
to recognize a face, we are not able to explain it
easily in words. This type of knowledge is highly
subjective and difficult to formalize. This makes its
extraction, communication and sharing much more
difficult (Hildreth and Kimble 2000, Bhatt 2001).

NUOVE TECNOLOGIE IN MEDICINA: APPLICAZIONI INFORMATICHE E TELEMATICHE IN MEDICINA 53
ANNO 6, N. 1-2, 2006 - Sirse srl Editore



Polanyi assumes that this sort of knowledge is lin-
ked to the act of focusing the attention on particu-
lar perceived aspects of the reality. In particular he
makes a distinction between the proximal and
distal attention. The first kind of attention is the
one we associate with ourselves, with our percep-
tions, while the distal one comprehends the rest of
reality around us. Both the distal and the proximal
attention constitute the tacit knowledge of a per-
son. In a recognition problem, human cognitive
processes associate the proximal knowledge (for
example the perceived aspects of a face) with the
distal knowledge (a certain known person).
Polanyi’s example seems to suggest that the tacit

knowledge can be partly structured as an associa-
tive network.
This is a representation of knowledge constituted
by a graph whose nodes represent concepts or
entities and whose weighted arcs represent impli-
cit relations more or less strong among the con-
cepts or entities. The knowledge contained in this
representation can be updated dinamically and
retrieved through suitable procedures of dynamic
inquiry that allow to consider also the context in
which happens the retrieval of information. A com-
mon way to execute the retrieval is the diffusion of
an activation signal (McClelland and Rumelhart,
1986). This signal starts from the nodes represen-
ting the perceived items and spread through the
network until the values of the activation signal at
each node become steady. Thereafter the nodes
characterized by the highest values of the activa-
tion signal are retrieved because they are conside-
red strongly correlated with the perceived informa-
tion.
Also the search of information and competencies in
an organizational intranet can be considered as a
recognition process. Even in this case the perceived
distal aspects represented by the documentation or
the employees that satisfy the query must emerge
and derive from the proximal perceived aspects
represented by the objectives and the tasks of the
employee who makes the search.
To carry out an effective retrieval of information
and competencies the system that manages the
organizational knowledge must be able to model
and keep updated the cognitive and cultural profi-
le of each employee to support him in the most
effective and efficient way in his research tasks.
The cognitive model of each employee should be
represented by an associative network of words
and concepts. This should be dinamically updated
on the basis of the content of the documents daily
checked by the employee and judged by him stron-
gly correlated with his activities. For this reason we
have used suitable models of discourse’s compre-
hension in order to extract the knowledge from the
texts read by the employees.

In this way the knowledge management system can
contact the employees characterized by similar
cognitive profiles, favouring the growth of the
Communities of Practice (CoP), that are groups of
people which can cooperate in the pursuing of their
tasks (Wenger and Snyder 2000, Broendsted and
Elkjaer 2001).
It is also possible to represent the knowledge of a
group of employees who are involved in the same
activities, for example a group of employees that
frequently attend a discussion forum. The kno-
wledge arose from the analysis of the posted mes-
sages in this case represents the experiences and
the goals shared by the community of employees.
A good psychologically valid discourse’s compre-
hension model that is based on associative kno-
wledge representations is the Long Term Working
Memory defined by Kintsch and Ericsson (1999).
The model comprehends two main blocks which
are the Working Memory where the meaning of the
analysed information is constructed, and the Long
Term Memory that contains all the knowledge
acquired during the previous analysis and expe-
riences.
Kintsch and Ericsson first noticed that given the
strict limits of capacity of human working memory,
tasks that require an enormous amount of resour-
ces (like discource's comprehension) cannot be
carried out. In these cases the working memory
should be subdivided in a short term part that has
a limited capacity and a long term part that is a part
of the Long Term Memory. This can be represented
by an associative network which is a graph that
connects entities and concepts by the use of wei-
ghted and not labelled links. The content of the
STWM automatically generates the LTWM, because
the objects present in the STWM are linked to other
entities in the LTM by fixed and stable connections
called retrieval cues. The adoption of this model
yelds two project problems. The creation of the
LTWM and the definition of the retrieval cues.
Kintsch has defined two different methods for their
definition. The first is a manual technique that can-
not be automatized. The second, that is the so cal-
led creation-integration method, is based on the
latent semantic analysis and a vectorial represen-
tation of knowledge called semantic space but pre-
sents great limitations.
The LTWM is an associative network of proposi-
tions and in the creation integration model is not
clearly specified how many words and propositions
have to be retrieved from the semantic space in
order to define the long term part of the working
memory. So we have defined a different implemen-
tation of the LTWM model. The absence of suitable
textual parsers able to convert the paragraphs of a
text in the correspondent atomic propositions has
driven us to develop, at least in this initial phase of
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the project, simple models of associative networks
of words.

The part of the document that is analysed, which
is stored in a buffer, must be codified on the basis
of the context before being elaborated by the
working memory block. The context represents
the theme, the subject of the processed text and
for its correct characterization it must be consi-
dered not only the information present in the
document, but also the one that can be retrieved
from the structure that represents the knowledge
cumulated during the analysis of the previous
documents presented to the system (Long Term
Memory).
For the implementation of the working memory
block we have considered scale free models
(Albert and Barabasi, 2001), due to the fact that
recently it has been found that the human kno-
wledge seems to be structured in this way
(Steyvers and Tenenbaum, 2001). The textual
analysis is performed through the sequent steps.
The new text is analysed paragraph by paragraph.
The buffer contains not only the words of the ana-
lysed paragraph, but also words retrieved from
the long term memory using the diffusion of an
activation signal starting from the nodes in the
LTM that represents the words in the paragraph.
The buffer, the working memory and the part of
the LTM block that is activated can be compared
to the LTWM defined by Kintsch and Ericsson.
During the acquisition of the content of the para-
graph a stoplist of words that must not be consi-
dered (as articles, pronouns etc.) is used.
For each word present in the text the paragraphs
where it appears, or where it has been inserted
after the retrieval procedure, are memorized.
When the entire text has been parsed and the data
of all the N not filtered words have been memori-
zed, the formation of the network of concepts in
the working memory begins. The model adopted

is similar to the one defined by Bianconi and
Barabasi (2001). The process starts with a net
consisting of N disconnected nodes.
At every step t=1..N each node (associated to one
of the N words) establishes a link with other M
units (M=5). If j is the selected unit, the probabi-
lity that this node establishes a link with the unit i
is:

where ki is the degree of the unit i, i.e. the num-
ber of links established by it, while Ui is the fit-
ness value associated to the node, and it can be
computed as the ratio between the number of
paragraphs that contain i AND j and the number
of paragraphs that contain i OR j.
This graph is generated not only on the basis of
the content of the analysed document but also on
the basis of the model of the user (LTM) that con-
dition its conceptualization (Dragoni, Tascini,
Lella and Giordano 2004).
The long term memory is an associative network
that is updated with the content of the WM.
Whenever a link of the working memory corre-
sponds to a link present in the LTM, the weight of
this one is increased by 1. The cognitive models
(LTMs) obtained by the knowledge acquisition
module have been compared with analogous
representations obtained by a comprehension
test performed on a group of human subjects who
read the same documents analysed by the system.
The results of the test demostrated that the
representation of the system was more similar to
the representation obtained from the group of
people which aximilated better the contents of
the visioned documents (Licata, Lella and
Giordano 2004).

3. A System for the finding of competencies

In order to favour the communication and the col-
laboration among the healthcare practictioners
we can use suitable tools that allow to quickly
identify all the employees that have the right
competencies to support the execution of a given
task such as the diagnosis of a disorder or the
choice of the most appropriate therapeutic inter-
vention for its cure. Such knowledge management
tools must be based on the modelling of the kno-
wledge and the activities of all the practictioners.
For example the profiles of the employees can be
updated by the assimilation of the documents
daily read by them.
Suitable incentive techniques must induce the
employees to select the documentation they
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Figura 1. The architecture of the knowledge acquisi-
tion module.

(1)



judge related with their activities, allowing the
modelling of the actual state of their activities and
competencies.
The knowledge management system developed by
A.R.C.H.I. exploits the profiles of the users to
improve their Internet searches.

The profiles are updated on the basis of the con-
tent of these documents, among the ones
retrieved by the system, which are judged effec-
tively correlated with the presented queries. In this
way the users, noticing that the searches per-
formed through the system improve in time adapt-
ing to their knowledge and their objectives, they
are induced to use it often enabling a frequent
updating of their cognitive profiles.

In figure 2 it is described the diagram of the web
application that optimize the searches through the
continuous updating of users’  profiles. Once the
authentication procedure has been fulfilled by the
identification of the password and the user ID, the
profile of the user is retrieved from  the reposito-
ry of the employees’  knowledge representations.
The cognitive profile is structured as an associa-
tive network of words. On this network can be
applied an activation signal that starts from the
nodes corresponding to the words used in the
query, if already present in the network, in order to
select the part of the network which is the most
correlated with the search and the actual interests
of the user. This “ sub network”  is compared with
the representations of the documents retrieved by

the browser Google, with the aim of filtering and
order them on the basis of the actual interests of
the employee.
After the ordering of the results the user can select
those documents that really concerns the subject
of interest. If the associative network that repre-
sents the model of the user already contains one
of the links of a graph representing the content of
a selected document, its weight is increased by 1.
If the graph contains a new link this is added by
scratch in the associative network.
After updating the models of the users, these are
grouped according to a certain similarity criterion.
The similarity is evaluated through a structural
comparison between the two associative networks
that is by the ratio between the number of links
they have in common and the overall number of
links. In this way, after the updating of his model,
a user can contact other employees who reached a
similar experience level.
Also the part of the associative network that is
updated is stored as a representation of the actu-
al interests of the employee. In this way the
employees who are working in similar projects or
have similar objectives can be grouped. Probably
this is the better way to promote the collaboration
between peers.

4. A system for the automatic annotation of
forum messages

As depicted in figure 3 the system is based on the
same knowledge acquisition module introduced in
section 2. This is used to analyse each new posted
message. The scale free graph of words that rep-
resents its content is compared to the representa-
tions of the previous messages through the same
structural criterion explained before. In this way
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Figura 2. The system for the finding of competencies.

Figura 3



the messages about the same topics are grouped
and can be quickly visualized (Lella, Tummarello
and Morbidoni 2004).
The graph of the last message is used to update an
associative network that in this case represents the
domain knowledge related to the forum. This sys-
tem is used to analyse the messages of a themat-
ic forum. This justifies the use of a single model to
represent the cumulated knowledge. In this way
the associative network can be updated coherent-
ly, respecting a precise schema that links all the
treated themes.
Each visitor of the forum can also answer to previ-
ous messages. In this way the system keeps all the
characteristic of a classic discussion forum,
extending its informative capabilities.
In fact each user can find immediately the answer
to his question among the messages present in the
archive without waiting for the direct answers of
the other users.
The analysed messages are structured within an
RDF graph that connect them by similarity rela-
tions characterized by a rate between 0 and 1 cal-
culated with the same structural similarity criteri-

on explained before. In this way a user can select
all the messages with a similarity rate above a cer-
tain threshold.

5. Enhancing knowledge representation
through UPR algorithms

The similarity rates computed by the structural
criterion defined above can be used to determine
groups of employees who can cooperate in their
activities and groups of messages regarding the
same arguments. This categorization is the final
step towards the definition of potential communi-
ties of practice and structured repositories of mes-
sages where the employees can find immediately
the information they need.
In both cases we have a set M of n items (n
employees or n messages).
The descriptions of the interests of the n employ-
ees are the graphs of words representing the con-
tent of the last documents considered interesting
by them or their last queries. The descriptions of
the n messages are the graphs of words repre-
senting their content.
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Conclusion

The knowledge management tools presented in
this work can improve the cooperation between
healthcare practictioners, favouring the sharing of
knowledge and information. 
The analysis of the textual content of messages
and documents through the introduced knowledge
acquisition module can allow to trace the activities,
the experiences and the objectives of the workers.
This knowledge can be subsequently used to opti-
mize their researches and to detect potential com-
munities of practice where the employees can
share their ideas and opinions for the achievement
of their tasks.
The categorization of employees and messages
can be effectively done by the use of suitable UPR
algorithms.
The effects of the introduction of this technology
have to be investigated through the monitoring of
the network of relations between the practiction-
ers. The analysis of the evolution of this particular
kind of social network will demostrate the validity
of the approach in the managing and the creation
of knowledge within an organization.
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