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Abstract. The main idea in this article is that groupware benefits organizational memory because it
focuses on communication and coordination, but is inadequate for an efficient knowledge management. It has
to be completed by a model for exchange structuring in order to improve dialog quality and to enable a
conversation classification that would not be simply chronological. Our aim is to build a groupware (MEMO-
Net) enriched with such a model. This model (DIPA), which uses and simplifies the concepts of Problem+
Solving methods, comes from a review of existing Design Rationale formalisms that gave rise to the
ABRICo formaism.

1. Introduction

The result presented in this article belongs to a research project whose am is to manage
knowledge used in desgn project for capitdization and reussbility. In accordance to
Zacklad and Grundstein ([24]), knowledge capitaization research can be classfied in three
categories. socid and cooperative approaches, top-down modeling approaches and bottom-
up modding approaches. In the first category, one condders that organizations critical
knowledge comes within a collective competence that is not enough or bad formalized.
The devdopment of systematic use of groupware, eectronic-mail services, newsgroups,
workflow, embodied in Intranets and particularly used in desgn projects would seem to
explan that these tools ae indeed consdered potentid ads for the knowledge
capitalization process.

If groupware mediatizes desgners interactions, the best way to locate and protect
crucid knowledge (in the sense of M. Grundgtein, [13]) exchanged through these nets is to
sudy the interactiona structure and to suggest information structuring tools and models for
highlighting exchanged knowledge and enddling esser future access Mogt of the time in
knowledge cepitdization projects, there is a lack of qudity raher than quantity of
information; quality regarding the structure of memorized materids.

In “socia and cooperative’ knowledge capitalization approaches, there seem to be two
types of approach. Some work will am for a posteriori dructure information by
recondtituting, from the traces of intellectua transactions ([25]), the concept structure
previoudy eaborated collectively. Others will am for a priori Structure transactions to
guarartee a better qudity of both interactions and write track of these interactions that will
enable an easer re-exploitation by the “knowledge managers’.



This interes in a priori dructuring of problemsolving processes in order to guarantee a
exploitation is not recent. In CSCW (Computer-Supported Cooperative Work) research,
severd authors ([6], [7]) have dready expressed wish to switch from a “object-centered
paradigm to a “process-centered” paradigm. In the last one, designers interaction (that is
to say questions, decisons and conversations that form the eaboration environment of the
objects) would be memorized as well as objects and design process results.

Following this paradigm, our previous works dedt with Desgn Rationde, criticized its
classical methods and proposed a new formaism, ABRICo ([16]). In this paper, we present
DIPA, an evolution of this formdism thanks to our interpretation of knowledge
engineering results on problemsolving methods, and its implementation in a groupware,
MEMO-Net.

2. CSCW and Groupware

Groupware offers multi-users interfaces to access dectronic mail services, forum, and
workflow, and to put into practice CSCW (Computer-Supported Cooperative Work)
methods, or, as Maone says ( quoted in [9]), it is "information technology used to help
people work together more effectively”. CSCW may be seen as the scientific discipline
that guides thoughtful and appropriate design and development of groupware [11]. These
technologies represent a changing paradigm in computer science, because they ded more
with problems due to humarrhuman coordinaion and communication than with defining
human-computer dialogues for automated procedures.

There are two ways of viewing the variety of groupware, a time/space taxonomy and an
application-level taxonomy. They are embodied in this classca 2x2 matrix in [9] or [1]:

Sametime Different times
face to face interaction asynchronous interaction
Same place
Meseting Rooms Project Management tools
GDSS (Group Decision
Support System)
distributed synchronous distributed asynchronous
Different interaction interaction
places
Videoconferences E-mall
Shared screens Forum
Cooperative Writing

As Grudin ([12]) dsresses, technology done cannot provide an efficient introduction of
this kind of tools in organizations. It is essentid to undersand how groups and
organizations function and evolve. This comprehenson enables the choice of the right
tools to fit exiging communication flows and to cryddlize organizationd memory
eements without pendizing users[6].

But, if a groupware is cgpable of recording solution elaboration processes, it is not
aufficient for efficient knowledge management ([12]). It has to be completed by a method
that structures the exchanges for a better quaity of didogue and for a management of ideas



that would not be smply chronological. These reflections have led to the IBIS method [2],
connected afterwards to Design Rationale research.

3. Design Rationale

The IBIS (Issue-Basad Information System) method [2] ams to improve the qudity of
desgn didogue processes by sructuring discusson in complex problems. It uses severd
categories. issues, podtions that are possble solutions for the issues, and arguments for or
agang these solutions. This method has been implemented in a graphics tool (gIBIS) and a
textuad one (itIBIS). Work with IBIS fdls within Desgn Rationde research from the
Human-Computer  Interaction community. Design Rationde research usudly concerns
problems agppearing in the ceapture of the rationde followed by the aticulation,
representation and use of this rationde made explicit. In a firg synthesis of these works,
edited in a specid issue of Human-Computer Interaction, Carroll and Moran [3] described
the importance of thisfield by stressng the following points:

According to them, congtructing explicit Design Retionae could:
support reasoning processes in design,
fecilitate communication among the various players in the design processes
(designers, implementers, maintainers, users, etc.),
further the accumulation and development of design knowledge throughout
design projects and products.

IBIS and its different implementations have been experimented many times more or less
successfully. In a generd way, there are two reservations about this method [10] : (&) the
model used to represent argumentation is too schematic and (b) its nature is exclusvely
«didoga>».

The firsg reservation concerns the non-representation of interdependency between
issues. Relations between severd options can not be represented; everything is done as if
each discussion mediatized by the tool would correspond to an independent sub-problem.

Secondly, the non-deliberated issues are ignored. If a question is not debated, the tool
will not dress it, dthough it could correspond to an important point that could influence
the design process.

We made somewha smilar criticiams of the QOC (Questions Options Criteria) method
([17]) and cdlasscd Desgn Rationde formaisms in our previous work ([15], [16]).
According to us, formaisms like QOC seem to be relevant for smple, short-lagting design
Stuations where one has to choose between severad options and where the shape of the
find solution is known. But they are not suitable for collective design gStuations that we
have cdled complex (unknown solution shape, progressve daboration of a unique long-
lagting solution), where we need to teke into account the process dynamics and the
participants roles. We then proposed to represent these complex processes with an aigind
formadism that we caled ABRICo (from the French words Accords, Buts, pRopostions,
Interprétations en Conception, that mean agreement, gods, propostions, interpretations
through design). Its static model is described below (figure 1).
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Figure 1: static model ABRICo

We teged this formaism by representing red complex collective decison-making
Studions. Seeing tha this experimentation was conclusve, we built a fird verson of a
tool based on these concepts, MEMO-Net, and we submitted it to professona groups for a
first evduation. Unfortunately, the modd proposed to users seemed to be too abstract for
easy comprehension, a concluson that re-opened the whole question of the ABRICo mode
and thefirst verson of the tool.

One reason for the difficulty of implementing ABRICo was, from our point of view,
that the complex decison process formulation was too far from the design Stuations which
people were confronted with. Where the traditional but smplisic Design Rationde modds
enable an easy gppropriation, the ABRICo model, dthough more redigic from a cognitive
point of view, appeared them both too theoreticd and too far from concrete
implementation conditions in the work Stuations for which we built it.

4. DIPA, a collective problem-solving model

In order to gpproach the cognitive dimengon of reasoning, we then enriched ABRICo
with problem-solving method concepts from knowledge enginesring.  This enrichment was
trandated into a new mode, DIPA (from the French words Données, Interprétations,
Propostions, Accord, meaning facts, interpretations, propostions, agreement). This mode
has itsdlf two declinations according to the Stuations that lead the actors to give priority to
gther anadlyss or synthess processes (for example as in KADS methodology [20]). This
link with problemsolving methods seems to us a naturd evolution in our researches of
more redistic Desgn Rationde modeds suited to the complexity of red projects. Bdow is
an outline of the characteridics of the three types of desgn meeting didogues modeing
that we studied or built.

1) Description of design meeting dialogues with classical argumentation models from

Design Rationale :

Actors paticipate in an argumentetive didogue; they defend contradictory or exclusve

options, quoting criteriaor argumentsin favor of their postion.

2) Description of design meeting dialogues with an argumentation model corresponding
to complex situations in ABRICo sense.

At the same time as putting forward propostions, the actors debate different possible

interpretations that may judtify these propogtions. Interpretations, like propostions, are

not necessarily contradictory or exclusve. An interpretation, regarded as belonging to a

more abgract level, may be evoked without necessarily being part of the defence of a

point of view. At the same time, the argument semantic is not conddered as entirdy

independent of the roles of the persons who introduce them.



3) Description of design meeting dialogues with an argumentation model inspired by
problem-solving model s from knowledge engineering (DIPA)
Problemsolving models replace decison-making processes, even complex ones. Each
argument is categorized by its role in the problemsolving method. The modd comes in
two forms, according to the kind of process that it assds (andyss or synthess). This
reference to problem-solving modds dlows the integration of an important knowledge
category that was not taken into account in the two previous models, the “problem
data’. Actudly, we could say that Desgn Rationde modeds have neglected the
“information” phase of Smon’'s decison-making process [19], and have only taken into
account the solutions sdection phase. Models from Artificid Intelligence do not have
thisfault. In the DIPA modd, the reasoning progresses in three mgor steps:
i. a problem description step plus collecting of data, consgdered as symptoms in
andyds Stuations and as needs in synthesis Stuations,
ii. an abdraction sep going from the collecting of problem data to their
interpretation corresponding to a possible cause in andyds dtuations, and to a
functiondity in synthesis Stuaions;
iii. an implementation gep tha going from an interpretaion (cause or
functiondity) to the daboration of a propodtion that is a corrective action
removing the symptom's cause (andyss) or the means suitéble for the
expressed functiondity (synthesis)

5. Relevance of a uniqgue model for analysisand synthesis

The fact that we had to present both anadysis and synthess models to designers teams
may seem amazing. Actudly, it might appear naturd a firg glance to propose only
gynthess models and their variants (routine design, configuration...). But our practica
experience of desgn meetings showed us thet andyss activities are frequent. For example,
a soon as a prototype has been deveoped, its function andyss will give important
information that will be reintroduced in the process of solution finding.

These observations are adso in accordance with cognitive ergonomic psychology ([8])
results that teach us that desgn dtuations in the organizationd sense in fact generate two
diginct phases of activity: solution generation and then evduaion of these solutions The
first corresponds to synthesis problems in a KADS sense and is close to design models in
this method. The second corresponds to analysis problems whose diagnosis models are
wdl-known.

This idea of a unique modd (figure 2) to represent the two types of activity is quite
close to some interpretations of the heurigtic classfication [4]. Whereas Clancey compares,
for example, methods coming within heuridic classification (where one sdect a solution
and then tries to prove that it is the one tha fits best), with methods coming within
heurigic construction (where sructure and behavior models are used to construct new
solutions), Zacklad and Fontaine ([22]) take a different position.

According to these authors, in both types of dtuation, there is both exploitation of
knowledge from previous solved cases, and condruction of an origind solution. This
solution is a proof or a judification in andyss case and a condrants-compatible
approximate solution in synthess cases. These authors defend the idea thet, a a certain
abgraction levd, it is a mater of the same heuridic reasoning form. This reasoning is
characterized (i) by the use of quditative inferences usng the componentid semantic of
the concepts and (ii) the non-hierarchical contact of concepts coming from different
classfication hierarchies (this second idea comes directly from Clancey's definition of the



heurigic classfication [4], p.294). We fed tha this notion of northierarchica contact of
concepts, that corresponds to the “heuritic matching” in the origind heuridic
classfication modd, is a the bottom base of heuridic reasoning used in design mestings,
both in andyss and synthess phases. Severd authors have proposed convergent
conceptudizations of this kind of reasoning. For example, for Hoc ([14]) it corresponds to
exploiting the “implementing” hierarchy. The hierarchicd rdation does not correspond to
running through a dass hierarchy, but running through different levels that enables a
physcd implementation while dating from sysemdic description of a sysem’'s ams via
different functiond views.

In PAGICY([23]), this reasoning form is described as a navigation between different
points of view about the same sysem that comes into action when designers teke into
account the “opticd” dimenson of the diginct “abdraction” of the hierarchicd dimension
of the “generdization”.

Wheress, in the DIPA modd, the abdraction and implementation inference steps are
two symmetrica aspects of the same heuristic reasoning, applicable both in andyss and
synthesis®. In abstraction cases, for example, the point of view about any one system will
change according to whether the symptoms or their causes are considered most important,
or even the requirements of interna system functions.

The formdism used b describe DIPA was inspired by KADS ([20], [18]) but does not
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grictly follow the KADS conventions as to how to represent inference structures.

Figure 2 : DIPA, aheuristic model of design reasoning for analysis and synthesis

1 PAGIC isaFrench acronym for Partie-tout, Abstraction, Généralisation, Interaction, Cybernétique.
2 In KAL ontology that formalizes heuristic classification’s reasoning ([21]), the abstraction step
corresponds to abductive propositions and the implementation step to “ constructive-deductive” propositions.



DIPA DIPA synthesis DIPA analysis
Problem Goal Malfunction

Fact Reguirement Symptom
Interpretation Functionality Cause

Abstract constraint Constraint Constraint
Proposition M eans Corrective action
Concrete constraint Constraint Constraint
Agreement Choice Choice

Table1: Implementation of DIPA model for synthesis and analysis activities

6. Implementation of DIPA model : MEM O-Net groupware

We implemented the DIPA mode to build the MEMO-Net groupware. This system
consgs of two modules, one for synthess phases (named "design” in the interface), and
the other for andyss phases (named "diagnoss' in the interface). Its god is to dlow a
project team to solve problems met during design by dternating the two types of activity
on a cooperative way. The exchange gructure dlows both to guide the solution process
and to organize the arguments, particularly in argument capitalization aspects.

In the diagnoss module, members of the project team identify a dysfunction and evoke
symptoms, causes or corrective actions. In design, once the god is known, the actors evoke
requirements, functiondities and means. To contribute, people click on the following signs
(indicating a mafunction, symptom, cause, and corrective action) and then create the
corresponding forms.

@ b alfunction | ﬁ Syrnpkarn | [’% Cauze | Carrective action |
@Gual | @Hequirement | i?% Functionality | Means |

@ Syrnptarn |

Malfunction

Submitted by

Author © Myriam LEWRKOWICZ
Service : Design

Role : project manager
Date : 144012000

Nature of the malfunction: Mistakes when putting in an order for products

Description :
zers are complaining of tool's malfunctions that are probably caused by a bad application of trading procedures.
zers hawe to putin an order several times, and it leads to mistakes

| Sawve and close I | kodify the document I

Figure 3 : signsfor new forms and aform to describe a malfunction



Contributions are classfied chronologically or according to DIPA modd categories, or
to the authors names, their roles, or their department.

The fdlowing example concerns a team of dedgners of a trading application. The
mafunction noticed is that the users of the gpplication make many mistakes when they put
in an order for products. The first symptom seemed to be caused by interface faults, and
improvements are suggested, as wdl as a condrant: the inteface has aready been
modified twice. Another possble cause is lack of training, and two corrective actions have
been suggested: training seminars or free books of trading rules. The screen copy below
(figure 4) shows the chronologica view of contributors propostions. Figure 5 presents a
summarized view in which these contributions are classfied by concepts.

£0] |
Net| Module conception ¥ Dysfonctionnement : [ Erreurs a la prise de commande ] - chef de projet - 26
5 : ¥ Symptome ;[ Mawvaise saisie du nom du produit] - Concepteur - 26/02/99
Module d t
acu’e dlagnastc ¥ Cause : [ Mauvaise interface | - Concepteur- 26/02/3939
“/ue Chranologigque ¥ Réparation : [ Faire des menus déroulants ] - déwveloppeur- 26/02/99
R e e Contrainte : [ interface deja modifiee deuxfais ] - ingénieur qualité - [
Feparation : [ faire des boites de dialogue ] - developpeur - 26/02/39
Ve par auteur Féparation : [Aide enligne ] - chef de projet- 26/02/39
Yue par réle ¥ Symptome : [ Procedure de wente mal appliquee ] - ingénieur qualité - 26/02/99
: ¥ Cause : [ Manque de formation ] - ingénieur gualite - 26/02,99
e Réparation : [ Organiser des séminaires | - Concepteur- 26/02/99
Fecueil des avis Réparation : [ Classeurs avec stratégie marketing ] - Concepteur - 26/02/<
) Reparation : [ emplayer un consultant formateur ] - chef de prajet - 10/03/%
Chaix b Dysfonctionnement : [ fuite pied tube ] - -10/03/99
Figure 4: Chronological view of adiagnosis problem-solving process
Symptimes ! Causes | Réparations

¥ hawvaise saisie du nom du produit
* bauwaise interface
* Faire des menus déroulants
Contrainte : [ interface deja modifiee deuxfois ]
faire des boites de dialogue

Aide enligne
* Frocedure de vente mal appliquée

* bdangue de formation
Organiser des seéminaires
Classeurs avec stratégie marketing

Figure 5 : Summarized view of a diagnosis problenmtsolving process

The second example that presented below, with, as previoudy, a chronologica view
(figure 6) and a summarized view (figure 7) concerns a team of researchers wanting to
congruct an Intranet for ther laboratory, using Lotus Notes. Different needs ae
mentioned, such as announcing seminars or accessng particular documents. These needs
refer to functiondities eg. managing a documentary fund. Findly, various means to obtain
these functiondities are suggested, e.g. a “News module’ in a Lotus base or the creation of
alLotuslibrary base.



COG|

Net| Module conception

‘Vue Chronologigue

Yue Besume
“ue par auteur
“ue par rale
“lue par senice

Fecueil des avis
Choix

Module diagnostic

¥ But : [ Concevoir un intranet pour le labo ] - chef de projet - 2502799
¥ Besoin: [ annoncer des séminaires ] - chercheur - 25/02/99

* Fonctionnalite : [ Afficher les dates et les sujets ] - chef de projet- 25/02/99

fawen : [ un module annonce d'une base | - développeur- 25/02/99

¥ Besoin: [ Mieux connaitre les travaux des autres | - chercheur - 25/02,/39

* Fonctionnalite : [ archiver les travaux de recherche | - documentaliste - 25/02/93

towen : [ une base bibliothéqgue ] - documentaliste - 25/02/99

¥ Besoin: [ Accéder aux documents organisationnels | - gestionnaire - 25/02/99

Fonctionnalitg : [ archiver la doc administrative ] - gestionnaire - 25/02/99

¥ Besoin: [ discuter] - chercheur- 25/02/39

¥ Fonctionnalite : [ Echanger des idées sur l'intranet ] - chercheur- 25/02/39

* tdoyen : [ un module Forum d'une base | - gestionnaire - 25/02/99
bowen : [utiliser le mail ] - Oppose au precedent - Concepteur- 21/1¢

b But : [ Bien braser le materiau X ] - -10/03/99

Figure 6 : Chronological view of adesign problem-solving process

Besoins

i Fonctionnalités Moyens

¥ Accéder aux documents organisationnels

¥ annoncer des seminaires

* discuter

¥ hieux connaitre les travaux des autres

archiver la doc administrative
v Afficher les dates et les sujets
un module annonce d'une base

¥ Echanger des idées sur l'intranet

un module Forurn d'une base

¥ archiver les trawalx de recherche

une hage biklictheéque

Figure 7 : Summarized view of adesign problem-solving process

When users have dready discussed a problem, one of ther propostions may be
submitted to others, in order to collect their opinion and teke a decison. This last sep
corresponds to "sdection” inference of DIPA moded, which endbles a definitive agreement

on the best possible solution.
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Date : 14401,/2000

Nature of the malfunction : Mistakes when putting in an order for products
Submission : training with an expert
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P
1

Sawve and close I ‘ Modify the document I

06
Net Module conception ' Nature du dysfonctionnement: Erreurs & la prise de commande - Objet du choix :
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Yue par rile Favarahle - ingénieur qualite -

“ue par auteur

Wue par service

Recueil des avis

Figure 8: A form to gather opinion plus the « choice » view visualizing previously opinions gathered

7. Conclusion

Newsgroups between experts working on a project or requests for “help desk” activities
are often consdered as important for knowledge capitalization. However, we think that
they are not sufficient to endble an efficient management of this knowledge because the
lack of gructuring of the materid makesit difficult to exploit.

Our idea is that the enrichment of groupware with knowledge-structuring models could
endble both guiding collective work processes and obtaining reusable or exploitable
knowledge.

The next steps of our research project will be to test the DIPA modd via the MEMO-
Net groupware, both in red work dStuations and with systematic experiments. In our
experiments, we will evduae the MEMO-Net influence in two ways. () the speed with
which the participants reach an agreement and (b) the qudity of the proposed solutions. To
achieve this god, we will ask two groups to solve the same problems severd times,
sometimes by usng low-dructured groupware (like a newsgroup) and other times using
our toal.
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