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ABSTRACT: The main objective of an information retrieval system (IRS) is to provide relevant 
information in response to the user's query. On the one parr, the relevance of a response concerns 
its exactness compared with the user's query. On the other part, it concerns its correspondence 
with the user's knowledge level and his preferences. One of the major contributions in this area of 
personalization of the system's response is by taking into consideration each user's specificity. We propose the use of explicit user 
model where the system's solution will be determined by the knowledge of the user. The user's activities are recorded as docu­
ments. The method we adopt for information retrieval combines query by criteria and information analysis. We have also pro­
posed architecture for cooperative information retrieval. This architecture allows two users to share their experience in the proc­
ess of information retrieval and for the interpretation of the system's result, on distant machines. The proposals were imple­
mented in two systems: STREEMS and METIORE. STREEMS manages information on trees while METIORE manages infor­
mation on bibliographic references. 

1 .  Introduction 

The main objective of an information retrieval sys� 
tern (IRS) is to provide relevant information in re­
sponse to the user's query. On the one part, the rele­
vance of a response concerns its exactness compared 
with the user's query. On the other part, it concerns 
its correspondence with the user's knowledge level 
and his preferences [ing92, par86] in the application 

domain. The first type of relevance has received a lot 
of interest since the early IRS. The second type of 
relevance is much more difficult to obtain because it 
concerns the adaptation of the system to the specific­
ity of each user. This second type of relevance consti­
tu tes our research interest. 

As regards the relevance of the system's response 
related to the user's query, many approaches have 
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been proposed, many of which are based on boolean 
algebra. One of the principal problems for these ap­
proaches is the matching of the user's query with the 
information in the database. In order to solve this 
problem, techniques based on modal logic [nie89], 
fuzzy logic and vectorial analysis [won84] are used. 

One other problem relates to the diminution of si­
lence and noise by trying to understand the user's 
query. One of the principal approaches employed is 
the use of thesaurus. In this case, the user's query is 
reformulated by the use of some predefined heuristics 
based on the thesaurus [yu82]. Techniques in artificial 
intelligence are generally used in this case. 

Following are three important observations in the 
world of information systems: 

The volume of information managed by informa­
tion systems increases incessantly 
The number of users increases regularly 
Many factors differentiate the users. 

Due to these observations, the need to adapt the 
system's response to the specificity of each user be­
comes indispensable. The efficiency of the system no 
longer depends only on the exactness of the system's 
response but also on the correspondence of the re­
sponse to the user's particularities. 

Some methods have been proposed in order to 
provide more adapted responses to the particularities 
of the users. Most of these methods are based on the 
use of a user model. Among these methods are the 
user profiles for information filtering [loe92], the use 
of implicit user model [kas91], and the use of explicit 
user model [par86, dav96, ric79]. Unfortunately, most 
of these methods are based on the global analysis of 
all the users. The basic exploitation of these models 
can be summarized as "give the solutions that are ac­
cepted by the majority of users for the same type of 
query". We focus on how to personalize the system's 
solution with regards to each user's specificity. 

One of the major contributions in this area of per­
sonalization of the system's response by taking into 
consideration each user's specificity is found in [ric79, 
ric83]. The attempt in this work is to represent each 
user explicitly and apply the concept of stereotypes to 
its exploitation. As admitted by the author, "the use 
of stereotypes, when combined with the ability to re­
cord explicit statements by the user about himself and 
to make direct inferences about the user from his be­
havior, may provide a powerful mechanism for creat­
ing computer systems that can react differently to dif­
ferent users". As stated also by the author in [won84], 
"the relevance of a response depends in a complex 
way on many factors and it is admitted that an IRS 
can't select exactly all and only relevant documents". 
In [ric79] we can see the laudable possibility while in 

[won84] we can see the technical limit in the current 
techniques employed in IRS. One of the main reasons 
for the technical limit is that it is still very difficult to 
interpret automatically the user model. 

We present in section II, some reasons to justify 
why responses should be personalized and how the 
users can be represented explicitly, The solutions we 
propose arc based on three aspects of an IRS: the in­
terpretation of the user's query, the interpretation of 
the knowledge obtained on the user through the user 
model and the environment for the process of infor­
mation retrieval. Section III presents our method for 
information retrieval called cross-analysis with con­
straints. We present in section V how this method 
can be used to analyze the user's behavior. The new 
information retrieval environment that we propose, 
called cooperative information retrieval (eIR) is pre­
sented in section IV. These proposals have been ex­
perimented within two prototypes. One of the proto­
types (STREEMS) was sponsored by the European 
union to provide access and analysis of information 
on the trees authorized for reforestation in European 
countries. The other prototype (METIORE) is used 
to access and analyze bibliographic references of our 
research laboratory. We conclude with a brief presen­
tation of the perspective of this work. 

II. Why the user model in IRS ? 

In many systems where a user model is imple­
mented, knowledge on the users are obtained implic­
itly or explicitly and used to calculate the system's re­
sponse. Unfortunately in most of these systems, the 
response of the system is still related to the exactness 
of the response compared with the user's query. The 
basic principle of these systems can be summarized 
with the following statement: ''gi1Je the responses that 
are accepted by the majority of users for the same type of 
quelY"· 

Let Ai � the number of times that solution (lj is ac· 
cepted for a query 

Si � the number of times that solution (lj is pro· 
posed for the same query 

Ri � the number of times that solution (i) is rejected 
for the same query 

(Ai + RJ <:"S, 

The degree of acceptance Qi of the solution i can be 
expressed as 

Q; = :: ' 0 ."': Q; ."': 1 

It is expected that the relevance of the solution t 
will be directly proportional to Q; 
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One of the factors that differentiate a user from 
another is the frequency at which the system is used. 
Two categories can be identified: regular users and 
casual users. The above technique is acceptable for 
casual users for which there is little or no information 
concerning their particularities. The technique is 
however unsuitable for regular users particularly for 
those who use the system for similar queries. The past 
experience and the user's choice on the past solutions 
are not integrated in the technique. This problem has 
been studied in [Loe92] in the context of information 
filtering. We propose the use of explicit user model 
where the system's solution will be determined by 
the knowledge of the user. This approach is suitable 
mainly for regular users. 

In the explicit user model that we propose, each 
user is represented by a set of fields. The representa­
tion of the user model for a particular user can be 
represented as follows: 

Where 
A = R U S  

A = The representation of the user model 
R = {J�. } , ri the ith query 
S = {sji } , Sij the ith set of solutions for the ith 

query 

This means that all the user's activities are recorded. 
An identifier such as login name defines each user. 
The use of the system for a particular need is consid­
ered as a session (d. figure 1). We consider that the 
user has an objective, which corresponds to his in­
formation need. This is referred to as the principal 
objective. For each session, we request the user to 
provide this main objective at the begining of the ses­
sion. This objective is expressed in natural language. 
It should be noted that this objective might not be 
entirely clear to the user. However the statement of 
this objective represents a starting point for the sys­
tem in order to identify the user's need. 

Due to the fact that the main objective may not be 
clearly defined, the user has the possibility of present­
ing sub-objectives within a single session. We believe 
that the objective of a sub-session is logically associ­
ated with the main objective from the user's point of 
view even though it may appear incoherent for an ex­
ternal observer. This phenomenon is flagrant during 
navigation on internet where the user can decide to 
change temporarily his objective before coming back 
to the main objective, that is his principal informa­
tion need. 

Objective 

Ses.�ion Activity 

Subsession 

{ Observation, Search 
Type 

Information, Synthesis 

Classification 

Feedback 

{ Attributs 

Constraints 

{ Solution of the system 

Evaluation 

Figure 1. The structure of a session 

The user can do several types of activities within a 
single session. These activities are observation, simple 
inquiry, elaborated query and annotation [dav96]. 

By the activity of observation, the user can browse 
through the system to discover the content of the da­
tabase. If we take the database of trees in STREEMS 
the user can request the scientific names of trees. 

In simple inquiry, only one attribute of the objects 
managed by the system is used to query the system. 
In STREEMS, this type of activity corresponds to us­
ing only one attribute of a tree such as (habitat = 

mountain). This activity does not presuppose any 
knowledge of the user in the application domain. 

In the activity of elaborated query) the user can re­
quest cross-analysis of attributes of the objects man­
aged by the database and indicate constraints to be 
satisfied by the objects to be selected. For example, in 
STREEMS, the user can indicate habitat and light­
exposure as two attributes for cross-analysis and indi­
cate (maximum height > = 30) as constraints. This 
type of query indicates clearly that the user has an 
idea of what he is looking for even though it does not 
indicate clearly his knowledge of the application do­
mam. 

In the activity of annotation, the user can indicate 
the set of solutions to be regularly presented in re­
sponse to the present objective. 

The classification of the activities into these catego­
ries is inspired by our work on the processes em­
ployed in the course of learning by a human being 
[dav90a]. 

Each activity of the user m STREEMS IS repre­
sented as follows : 

objective: 
type oj activity: 

date: 
bour: 

query: 
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The keywords of the user's objective are stored in 
the field "objective". The field "query" represents the 
set of attributes used for analysis as described in sec­
tion III and the constraints expressed by the user in 
form of criteria. The value of this field is of the form 

Attrihuts 

scle;�-tific name
' :A-bi-;;--�I-b-� I !  

Common name iAb-er'e -tiianco , i  
Family ;pinaceae 

alaracler ;coriifera 
Origine �eu�opa 

Key iABAL 

Min. distance 1700 
Max. dIstance li-ioo 

Type 13rbol 
MIn. height Ii 5 - ­

Max. height FlO 
Ufe span ro,---

[{attributes} {CI opb C2 • • •  Cn}], where C, is of the 
form (field ope value). ope is a comparison operator. 
With this choice of representation, there will be as 
many records as the number of query. 

Wood prOllucts Habitats Employments 
04 
OS 

carJlillwtia 
ellanisltia 

Growing speed Beating 

medio -}] IJ , J , . !" i /1 

Figure 2. Application interface for STREEMS 

The responses provided by the system in response to 
the user's queries are considered as solutions to the 
user's main objective. 

Each solution is represented as : 
solution: 
objective: 

user's evaluation: 
date: 

It is necessary for the user to evaluate each of the so­
lutions proposed by the system. The evaluation al-

Resistance 

::; 

J 
/ 

i r"·lm .. 
: 11. 

ExposiUon 

LSi 

�, (I 

IJ tLj 
CJ.: consoUdacloli 

iJ 

ElI(lurance 

..',! 

JI 

lows the system to have the user's judgement (the 
feedback). It should be noted that the degree of rele­
vance of a solution depends highly on the user's speci� 
ficity. For example, the user can give the following 
judgements as evaluation of the system's solution: 
1) the solution is relevant 
2) the solution is not relevant because the user al­

ready knows it. This may suggest that the user has 
some knowledge in the application domain 

3) the solution is not relevant because the solution 
does not correspond to the query and this judge­
ment is true. This suggests that there is noise in 
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the system's solution and that the user has some 
knowledge in the application domain. 

4) the solution is not relevant because it does not 
correspond to the query, but this evaluation is 
wrong. This suggests that the user has no knowl� 
edge in the application domain. 

5) The response is not relevant but the user does not 
know why. 

The information given by this feedback allows us 
to make some inferences about the user's level of 
knowledge in the application domain. This knowl­
edge is exploited for defining heuristics used for re� 
formulating the user's query and for choosing the ap� 
propriate terms to use. 

Cases 3 and 4 are possible since the system can re� 
formulate the user's query by using a thesaurus. 

Only keywords in the objective and in the solu� 
tion are represented in the corresponding fields. The 
field evaluation takes one of the above five possible 
evaluations. 

III. The adopted method for information retrieval 

The fundamental principle for query processing in 
most IRS is the matching of the query with the in� 
formation in the database. This approach is consid� 
ered "content based retrieval" . The user formulates 
his query according to his understanding of the in� 
formation contained in the database. This means that 
if the user knows nothing about the information 
base, he will obtain nothing. 

The method we adopt combines query by criteria 
and information analysis, the analysis of the system's 
database. This method allows the user to formulate 
the classical query while at the same time allowing 
him to obtain a global analysis of the database con� 
tent. We call this technique "cross�analysis with con­
straints". In the following sections, we first present 
the constraints, that corresponds to the classical query 

Types of analysis Type of result 

formulation, followed by the presentation of infor� 
mation analysis. 

IIU. 77,e constraints 

In the mixed approach that we adopt, the con­
straints correspond to criteria in classical query for­
mulation. A constraint is of the form : 

Cdopb C, opb .. . C,j 
Where 

Ci � {field ope value} 
opb E {AND, OR, NOT} 

ope E {�, 7, <, > ,  < �, > �, ''} 
t corresponds to string inclusion in another string} 

For example, in STREEMS for managing informa­
tion on trees, 

(maximum altitude ;> 1000) AND 
(maximum height s'15) 

will provide trees that can be planted in altitudes of 
1000 meters or more and that have a maximum height 
of 15 meters. Unfortunately, this type of query does 
not give the distribution of the trees over the alti­
tudes. This is one of the reasons why we have pro­
posed the possibility of global analysis in query for­
mulation. 

III.2. Information analysis 

In IRS, fields describe the objects that are managed. 
For example, a tree can be described by its scientific 
name, its common name, its height, the maximum al­
titude where it can be grown, and the associated 
wooden products etc. Another example is a collection 
of bibliographic references where each reference can 
be represented by : title, authors, editor, date of pub­
lication, keywords. The following figure presents the 
types of analysis, how they are specified and the types 
of result that are obtained. 

(1) One field Frequency analysis (Distribution of values) 

(2) Two fields (Same attribute) Co-occurrence analysis (Intra-field analysis) 

(3) Two fields (Different attributes) Co-occurrence analysis (Inter-field analysis) 
(4) Two fields of which one is YEAR Evolution analysis of the values of a field 
(5) Two or more fields of which one is YEAR Evolution analysis of the co-occurrence of the values of some fields 

Table 1. Types of analysis 

The types 4 and 5 are special because the field 
YEAR is specified as one of the fields. These two 
types of analysis allow the analysis of the evolution of 
the values of some attributes. The three categories 

(frequency analysis, intra-field analysis and inter-field 
analysis) are further developed in the following sec­
tions. 
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The technique of cross-analysis is widely used in 
the Technical and Scientific Information systems 
(TSI), in infometry and in data mining [jak95, cou90, 
dou95, r0596]. The objective in these domains is to 
obtain value added information for decision making 
and give a global view of the database characteristics. 
In our study, we limit cross-analysis to three fields 
mainly because of the limitation in presenting the re­
sults. One attribute produces a two-dimensional re­
sult (the attribute's values and the frequencies) and 
three attributes produce four-dimensional result (at­
tribute 1, attribute 2, attribute 3, frequencies). In our 
applications, since we can not produce graphically a 
four-dimensional result, we group the first two at­
tributes together. 

III 2.1. Frequency analysis 

Frequency analysis gives a global view of the dis­
tribution of the values of a field where the field is an 
attribute of the objects in the database. We represent 
this analysis as : 

Ij = tlDi n Vj l i=1 
where 

IDi n Vj l E {O,l} 
Di � the set of terms used for describing the object (i) 

through the specified attribute 
V � the set of values used in the field chosen for 

analysis 

Vj E V 
n = tbe number of documents in the system 

Not only do we provide the frequencies of the val­
ues, we also provide the corresponding objects associ­
ated with each element of the result. 

This type of analysis can also be represented in 
form of matrices 

values VI v, v" 

/, I, /" 
This type of analysis can be used to obtain the fre­

quencies of "wooden products" in STREEMS : 

wooden product pla/lk charcoal cork 

1 00 40 2 

This analysis is very useful for decision making. 
For example, it can provide the possible types of ap­
plication of the trees authorized for reforestation by 

the European union. Of course, not all the fields that 
describe a tree can be exploited in this way. For ex­
ample, the analysis of the frequency of "scientific 
names" will not give any useful information since 
each tree has only one scientific name. Only the "ex­
perts" in the application domain can define the prop­
erties that can be used for this type of analysis and es­
pecially how the value-added information from the 
result can be interpreted. 

III 2. 2. Intrajield analysis 

The intra-field data analysis is also widely used in 
bibliometry and scientometry studies. Most applica­
tions in these two domains are based on databases of 
bibliographic references. The main objective is to 
study the distribution of the cooccurence of terms 
used in "science studies" using only one attribute of 
the objects managed in the database. This type of 
analysis can be represented as : 

I'j = tlDi n {v, ' Vj � ;=1 
Where 

IDi n {v" Vj � E {O,l} 
Di � the set of tams used for describing object (i) 

through the attribllte chosen for analysis 
V � the set of values used for the field analyzed 

v" Vj E V 
n = the number of documents in the system 

This analysis can also be represented in form of ma­
trices 

values _ of _ attribute _ l  
VI v, VIII 

values 01 attribute 
VI II I 112 11111 
"2 III 122 12m 

VII/ filiI 1m2 1111111 
In � the number of values used for the attribute analyzed 
Vi � a value of the attribute analyzed 
Ij � the frequency of co-occunence of two values Vi 

and Vj 

In STREEMS for example, the attribute " disease" 
can be chosen as the attribute to use for intra-field 
analysis. 
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disease 
disease 

phytophothora _ cabivora nee/ria ditissim(f ceratocystis _ fimbria/a 

nectria ditissima 
ceratocysfis _ fimbria/a 

3 

The co-occurrence of the values used for the at­
tribute "disease" can show the association of two dis­
eases, A strong correlation of two diseases can help 
the user determine what type of development strategy 
to adopt. Notice also that not only does the system 
provide this value-added information, it also provide 
the trees that are associated with the frequencies. For 
example, in the concurrence of ceraocystis .Jimbriata 
and nect1'ia _ ditissima, there will be four trees associ­
ated with the result. The user can choose any of the 
trees by a simple click for more information on a 
tree. 

III.2.3. Inter-field analysis 

The inter-field data analysis is also widely used in 
bibliometry and scientometry studies. If the attributes 
that describe the objects in a database are considered 
as facets then frequency analysis and intra-field analy­
sis can be considered as mono-facet analysis. In inter­
field analysis, we are interested in multiple facets of 
the objects managed by the database. This type of 
analysis can be represented as follows : 

f'j = �=lD; n iv" Vj � 
i=l 

Where 

ID; n iv" Vi � E {O,J} 
D, � the set of terms used for describing object 

through the attributes chosen for analysis 
V � the set of vailies of the first field analyzed 

disease 

altitude 
1000 
2000 
4000 

phytophothora _ cambivora neetria _ dijissima 

2 

This type of analysis can show, for the trees in the 
database, the distribution of diseases over the altitude. 
This value-added information can help a farmer to de­
fine a development program for a particular surface 
area in a specific altitude. As in the intra-field analysis, 
the expert must indicate how the value-added infor­
mation obtained should be interpreted. 

This method of information access and analysis fa­
cilitates content-based information retrieval. In other 

4 6 

V' � the set of vailies of the second field analyzed 

v, E V 

Vj E V 
n � the nllmber of objects in the system 

This analysis can also be represented in form of ma­
trices 

values _ of _ attribute - 1 
values _ of _ attribute 2 

'" "2 
-

I, 1 1  
12 21 f22 

I" k1 fk2 

where 
m = the number of values used in attribute 1 
n = the number of values used in attribute 2 

VI/I 

111/ 
12m 

Iklll 

Ii � the frequency of co-occurrence of v; and ti for at 
tribute 1 and attribllte 2 respectively 

Vi = a vallie for attribute 1 
ti � a value for attribute 2 

For example, in STREEMS, the attributes "disease" 
and "altitude" can be used for this type of analysis to 
obtain the following result. 

ceratocystis _ jimvriata 

6 

words, users of different knowledge levels in the ap­
plication domain can employ the system in order to 
solve their problem of information need. Two of our 
research projects employ the technique developed 
here: cooperative information retrieval and the ex­
ploitation of a user model. 
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First attribute Second attribute 
m�h 

Constraints 
K6Y I 

Scientific nOOllS I 
COmmon Ilame I 

Mrn. helyhl �I ______ � 
Max. heighl �I >cc" :",,'"---____ ..J 

Hahitat I 
Growinll speed I 

Family I 
Rower period I' -

Results 
7 <40><montana) 
6 <40><colina> 
1 < 50><montana) 
1 (50)<marais) 
1 <50><colina> 
1 <40><marais) 

'�JI��·--�-�-·-�·-�·-�···�-�-·�· -�·_ ....J :':'J 

tlumber of occurences 

yJ habitat 

OBJECTIVE 

s 

J 
I
--

-
�--·-

I 

Object 

ll! 

� Selected Ollject I 

Figure 3. Example of inter-field analysis in STREEMS 

Figure 4. Graphic presentation of the above result 

Key wonts 
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! I: 
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'j ; i •
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IV. Why cooperative information retrieval 

How the user's queries can be presented and proc­
essed is presented in the last section. However, there 
is no indication on how to take into account the 
specificity of a user during the processing of his 
query. As presented in section II, our interest is cen­
tered on regular users, who have used the system sev­
eral times and for similar information needs. It is 
presently difficult to obtain an efficient automatic 
method for interpreting the content of a user model, 
in particular to take into account the user's specific­
ity. While continuing the study of methods for this 
automatic interpretation of the user model, we pro­
pose a new methods information retrieval that we call 
cooperative information retrieval (eIR) . The main 
importance of this technique is that it allows a user to 
share his experience (or competence) with another 
user. We first present in the following section the 
functional characteristics of this type of system fol­
lowed by the architecture of a CIR system. 

IV. I Functioning modes of a eIRS 

In eIRS, two users can cooperate in finding the 
best retrieval process to obtain the information 
needed. The two users can operate on distant ma­
chines. All the users can choose any of the following 
functioning modes. 

1. Cooperation: The user can collaborate with another 
user on the network who is registered in the loca­
tion server in order to obtain a solution to his in­
formation need. What one user does is reflected in 
the other user's interface. 

2. Observation: The user can collaborate with another 
user on the network who is registered in the loca­
tion server but with a restricted right to the other 
user's process. The user can only sec what his dis­
tant collaborator is doing without being able to 
control the distant program unlike in the mode of 
cooperation. 

3. Autonomous: The program is not registered in the 
location server, he is not seen by any other user 
and can not be contacted by other users for col­
laboration. 

r / Req lest for connection 
Authon\\tiJ!' 
refused \. REQUESTED 

Authorisation granted 

Request r disconnection �CONNECTION 

Figure 5. State transition 

Request r disconnection 

Requestfor selvation 

Request ' cooperation 

\.., OBSERVATION �COOPERATION 

Request for cooperation 

Request for observation 
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An application that is registered in a CIRS envi­
ronment may be in any of five states (d. figure 5): 
waiting, reqllested, connection, observation and coopera­
tion. When an application is launched and registered, 
it is automatically placed in a waiting state. The dif­
ference between this state and the autonomous mode 
is that in autonomous mode the application is not 
registered in the CIRS environment. 

From the waiting state, the user can select a user 
and request for connection. If the two users are in the 
waiting state, they are placed in requested state. The 
requested user can refuse this request. In this case the 
two users will be placed back to the waiting state. If 
the requested user accepts the request, the two users 
are placed in the connection state. 

From the connection state, the user that initiated 
the request can request to be placed in observation or 
in cooperation mode. The requested user must agree 
to this request. Since the two users have agreed to en­
ter into collaboration, they can either be in observa­
tion or in cooperation mode. They can also decide to 
change from one of the two modes (observation, co-

App/icatinn 1 

Connection 
interface 

Application server 
(AS) 

Figure 6. The global architecture of CIRS 

An application is composed of its proper interface, 
a connection interface and an application server. The 
application interface is domain dependent. It shows 
the attributes of the objects in the application domain 
and the graphic objects for controlling the applica. 
tion's process. The connection interface and the appli­
cation server are domain independent. The application 
server receives the messages from the other applica-

(8) 

operation) into another without breaking their con­
nection. 

In order to put an end to the connection, any of 
the users can request for disconnection. When the 
partner acknowledges the request, the two users go 
back to waiting state. 

Either in observation or in cooperative mode, the 
following protocol must be respected : 
• Select the desired user 
• Present the request for a type of cooperation 
• Wait for the other user to respond by accepting or 

by refusing the request 
• In order to terminate the cooperation, inform the 

partner 
• Wait for the partner's confirmation. 

IV, 2. General architecwre a/eIRS 

The architecture of a CIRS is composed of the ap· 
plications and a location server. The location server 
centralizes the information that is needed for com­
munication with another application. 

Application 2 

Connection Application 
interface 

Application selVer 
(AS) 

tions, transforms the message as needed, effectuates 
the needed control over the message and transmits the 
message to the application. The message is interpreted 
by the application. The message may be simple in­
formation or the request for the execution of a func­
tion. 
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Users 

1- - -- -- �-david:i5i. 8-i.12'.'32:-30-i:ici 
ladavid : desilles . loria .fr :3000 

Figure 7. Example of the connection interface in STREEMS 

The connection interface allows the user to control 
all requests for collaboration by the other users. 
There can be no connection to another application 
without the consent of the requested partner. When 
an application is first launched, it is in autonomous 
mode. The user can decide to enter into the coopera­
tive environment by selecting the mode he wants 
through the application interface. Changing from 
autonomous to cooperation registers the application 
in the location server. This registration is also broad­
casted to all previously registered applications. This 
means that all applications registered know all the 
other registered applications. 

V. The user model in CIRS 

V 1. Information analysis of the IIser model 

We are presently working on the integration of the 
user model in our systems. Our objective is to present 
to an expert, a synthesized information on the user. 
This is expected to provide the expert with a better 
knowledge of the user's level of knowledge in the 
application domain and how he can provide an effi­
cient assistance to the user. In this context, the expert 
and the user must of course be in a cooperative mode 
(observation or cooperation mode). The characteris­
tics of the user model that we have identified as im­
portant are presented in tables 2 and 3. 

V.2. Heuristics for interpreting the user's activities 

We are also working towards the definition of 
some heuristics that can be automatically imple­
mented for the automatic interpretation of the user 
model. For example, here are two heuristics: 
• Heuristic 1 : if the activities of the user are mainly 

observation, that is the activities of browsing of 
the objects of the database, the user can be consid-

aconnexlon 
aconnexion 

...... __ ....... . .  - -.-

adavld :desille s . loria . f r :  � 
""""," " ;" " ,,, , � ,  

I 
I 

J 

cred as somebody with little knowledge in the ap­
plication domain. 

• Heuristic 2 : if the noises introduced in the system's 
solutions following query reformulation by the 
system are correctly identified and rejected by the 
user (which can be obtained through the user's 
feedback), then the user's request should no longer 
be transformed by the system. 

The evolution of the terms employed by the user 
for formulating his queries can be exploited to know 
his level of knowledge in the application domain. 
This is rendered possible by the use of the theory of 
fundamental categories. The general idea in this the­
ory is that within a single concept, the term that cor­
responds to the fundamental category is the most fre­
quently used among the others within the same con­
cept. The theory states also that the term that corre­
sponds to the fundamental category is the one that 
possesses the most visual discriminating characteristics 
within the same concept. For example : 

animal, mammal, dog, poodle 
animal, mammal, woman, Nancy 

If somebody were asked to describe what he sees 
by looking through the window, the majority of per­
sons would reply: III can see a woman with her dog" 
and rarely "I can see Nancy with her poodle". The 
terms, dog and woman belong to the fundamental 
category in the concept of "animal", 

It should be noted however that the terms used by 
a person in a situation of dialogue depends, first on 
the knowledge in the domain and second on the 
knowledge he has on the person with whom he is 
speaking. For example, if the two persons know who 
Nancy is and the fact that she has a poodle, then the 
second type of response can be given. 
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The system's solution 
Accepted (1) 
Rejected because already known (2) 
Rejected because of noise and confirmed ok (3) 
Rejected because of noise and confirmed wrong (4) 
Rejected for unknown reason (5) 

Table 2 .  Interpretation of the user's feedback 

Date 
Observation Evolution of evolution of observa-

tion 
Simple inquiry Evolution of elementary knowledge 
Complex query Evolution of applied knowledge 
Annotation Evolution of preferences 
Terms Evolution of employed terms 

Table 3. Interpretation of the user's feedback 

V.3. Case based reasoning applied to the IIser model 

V.3.1. Casuai lisers 

Casual users do not use the system often. This 
means that the system does not have reliable informa� 
tion on the user for making inferences on his behav� 
ior or preferences. Our approach for this type of user 
is similar to approach used in stereotypes. We start by 
using the generic model for the interpretation of his 
queries. When he becomes a regular user, we change 
to the specific model. What we use in the genenc 
model is the following quadruple: 

(Objective, Solution, Evaluation, Freqllency) 

Solution contains the response that the system has 
given to a user for Objective. Evaluation represents 
what kind of feedback that the user gave for the solu­
tion in a range between 1 and 5, each value represent� 
ing the reason of acceptance or refusal of the solution. 
Frequency shows the percentage at which the type of 
evaluation is given for Solution in response to Objec­
tive. 

Objective represents the user's main information 
need, and is given explicitly by the user in natural 
language. With a new objective, we calculate the fac­
tor of similarity with an existing objective. The 
method we use presently for calculating this factor is 
by indexing the objective with keywords. We use vec­
torial research technique to calculate the factor of 
similarity. This factor may be fixed either by the user 
or predefined in the system. 

The terms in the query 
Terms to be retained 
Terms to be avoided 
Terms to be avoided 
Terms to be explained to the user 
Terms to be explained to the user 

Observation Simple inquiry 

The terms in the course of The terms in the course of 
knowledge acquisition knowledge acquisition 

Another factor that we calculate for adapting the 
system's solution is what we call the factor of toler­
ance, using Solution for a particular type of evalua� 
tion and for a given factor of similarity for Objective. 
This factor may also be predefined in the system or 
given by the user. In our prototype, this factor is 
fixed at 60% for casual users while regular users have 
the possibility of choosing the percentage they want. 

V.3.2. Regular users 

Instead of using a generic model as we do for casual 
users, we use specific model for regular users. The 
element of the model that we user may be represented 
by the following quintuple: 

(User, Objective, Solution, Evaluation, Frequency) 

One major difference here is that every inference 
and interpretation is based on the past activities of the 
particular user. The factor of similarity and the factor 
of tolerance are calculated the same way as for casual 
users. For casual or regular users, we use the informa­
tion acquired on them for determining whether to in­
clude a solution or not and how the solutions should 
be ordered. 

V.3.3. Query analysis 

The system also observes the frequency of query 
for a particular objective. We represent this observa­
tion by the following quintuple: 

(User, Objective, Query, Frequency) 

https://doi.org/10.5771/0943-7444-1999-1-30 https://www.inlibra.com/de/agb - Open Access - 

https://doi.org/10.5771/0943-7444-1999-1-30
https://www.inlibra.com/de/agb
https://creativecommons.org/licenses/by/4.0/


42 Know!. Org. 26(1999)No.l 
A.A. David / D. Bueno: User Modeling and Cooperative Information Retrieval in Information Retrieval Systems 

Frequency represents how many times the user em­
ploys the same query for the same objective which 
corresponds to what we call factor of repetition, Ac­
cording to this factor, we decide whether or not to 
initiate a dialog with the user, 

This principle of the use of the user model is as il­
lustrated in the diagram in Figure 8, When the user 
starts a session, the system finds out if the user has a 
past similar objective, If yes, then the past solutions 
with the corresponding evaluation by the user are 
presented. The user can revisit the past evaluations he 
has given, The user can stop if he is satisfied; other­
wise he can either modify his objective or start the 

Start a 5ubS€ssion 

No 

Any past similar 
objective by the user? 

process of query by analysis (or classification) with 
constraints. The user must evaluate each solution as a 
result of the queries. 

If there is no past similar objective by the user, the 
system finds out whether there exists a past similar 
objective by some other users. If similar objective ex� 
ists, then the system presents the solution to the user. 
The user has the possibility of seeing how each solu­
tion is generally evaluated. 

If there is no past similar objective by the user or 
by the other users, then he has to make queries and 
evaluate the solutions. 

>----'N"o'-_-<� �ly past similar objective 
by other usen; ? 

No 

No 

Repetition of 
request ? 

'--_____ --<::lUser satisfied ?/� ____ ........J 

Figure 8, Algorithm for using the user model 

The concept employed here is similar to the con­
cept employed in case base reasoning. We present in 
the following section the system METIORE in which 
most of our proposals are implemented. The system 
is used for accessing and analysing information of the 
publications of our research laboratory. The system 
manages about 3200 bibliographic references. 

VI. The system METIORE 

VI. 1. The application interface 

Figure 9 shows the interface of METIORE. A par­
ticularity of this interface is that it allows the user to 
select the interface language that he wants. This pos­
sibility is particularly useful in the context of coop­
erative information retrieval. For example, a Spaniard 

can decide to set his interface to Spanish while his col­
laborator, a French person can decide to set his own 
interface to French. The other possibility in the inter­
face is that the user can change his communication 
mode at any given time, for example changing from 
autonomous mode of use to cooperation mode. 
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V1.2. In/ormation retrieval in STREEMS 
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Figure 10 shows the interface for presenting the queries for information access and information analysis. The user 
can select up to three attributes for cross�analysis and combine them with constraints. 
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Figure 10. General interface for information access and analysis applied to METIORE 
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VJ.3. Graphic representation of the system '5 resllit 

Figure 11. Graphic presentation of a result in METIORE 

Associated with the system's result is an automatically generated file that can be used to display the result in graphic 
form. In METIORE, an excel file is automatically generated, which can be used by the user for the graphic 
presentation. 

The prototype is developed with TclPro. The inter-process communication between applications is developed 
using socket. The extension of Te!/Tk with ite! makes it possible to develop the applications using object­
programming technique. The object programming makes it easy to apply the tools to other applications. 

VI.4. The architecture of elRS applied to METIORE 

I METIORESL I 
Echullge de messag:

" / _._�,,,/" v, "'.,.., Echange de message .... '1 , 

�ETIORE (1) J 0ETIORE (2)) 
/wad . : . " " " ",,,,,,,,il �d 

I'-- ::::0 ::::0 
Bibliographic Bibliographic 

References References 

"-- Database ..-" Database ./ 

Modes of communication 
'" Alltonomy 
.. ObsclVation 
'" Cooperation 

Figure 12. The architecture of CIRS applied to METIORE 

Figure 12 presents the implementation of eIRS architecture in METIORE. 
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The connection interface is the same as that of 
STREEMS presented in figure 7. This interface gives 
the user a total control over the functioning mode of 
the application. The two parties that want to enter 
into collaboration must approve all the requests for 
connection. 

Conclusion 

We have presented a method for accessing and ana� 
lyzing information using the technique of cross� 
analysis with constraints. We have also presented the 
architecture of a eIRS and its application in 
STREEMS and in METIORE. The result of the sys­
tems can be presented in graphic form for providing a 
better visual presentation of the result. 

We have chosen to represent the user's activities as 
documents. The method of cross�analysis with con� 
straints will allow us to analyze the user's activities. 

The proposals in this study, the CIRS and the ex­
ploitation of the user model can be employed several 
domains. For example they can be employed in re­
search related to machine learning, in computer aided 
instruction systems and in economic organizations 
where the client must access and make a global analy­
sis of the available data such as in tourism, in sales and 
marketing. 

In the domain of research studies in machine learn­
ing, the proposals of an expert, in the context of co� 
operative information retrieval, can be considered as 
expert knowledge. This knowledge can be used to 
build the expert knowledge base. In computer aided 
instruction systems, the cooperative function of the 
system can be exploited by two users, for example the 
student and the teacher, a student and another stu­
dent, or two teachers, for solving a particular prob­
lem on distant machines. In the domain of tourism, 
the preferences of a client can be analyzed in order to 
provide a proposition. 

Since the graphic interface of our systems provides 
the possibility of selecting the language that a user 
wants, the systems are adapted for multilingual appli­
cations. 

The most difficult aspect on which we are pres­
ently working is the automatic interpretation of the 
information contained in the user model. Our goal is 
to design a system capable of adapting its response to 
the specificity of each user. 
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