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1. Introduction
Design is a collaborative activity, in which several actors with different skills work together to reach a 
given goal. Design project team is a short
engaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 
given goal. Knowledge
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k
“knowing when” [Easterby
In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene
produced in decision
to answer are:

 How to represent decision
 How to extract knowledge in decision
 Is the knowledge valu

We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.

2. Background
In design projects seve
propose solutions related to different aspects of the problem. Then they discuss integration of these 
solutions to solve the problem [Matta et al. 1998]. In this collaborative dec
knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
sufficient to extract this knowledge. So, it is necessary to develop techniques to represent collaborative 
decision
Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 
et al. 2013]:

 The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed indivi
number of experiments. The cooperative knowledge is related to several fields, i.e. several 
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given goal. Design project team is a short

gaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 
given goal. Knowledge
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k
“knowing when” [Easterby
In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene
produced in decision
to answer are: 

How to represent decision
How to extract knowledge in decision
Is the knowledge valu

We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.

2. Background 
In design projects seve
propose solutions related to different aspects of the problem. Then they discuss integration of these 
solutions to solve the problem [Matta et al. 1998]. In this collaborative dec
knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
sufficient to extract this knowledge. So, it is necessary to develop techniques to represent collaborative 
decision-making in design. 
Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 
et al. 2013]: 

The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed indivi
number of experiments. The cooperative knowledge is related to several fields, i.e. several 
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Design is a collaborative activity, in which several actors with different skills work together to reach a 
given goal. Design project team is a short

gaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 
given goal. Knowledge management aims at enhancing organizational learning in a company based on 
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k
“knowing when” [Easterby-Smith and Lyles 2003].
In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene
produced in decision-making process related to a given context. Therefore, the questions we are going 

How to represent decision
How to extract knowledge in decision
Is the knowledge valuable for reuse purpose?

We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.

In design projects several actors work together for a given goal. Facing a specific problem, actors 
propose solutions related to different aspects of the problem. Then they discuss integration of these 
solutions to solve the problem [Matta et al. 1998]. In this collaborative dec
knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
sufficient to extract this knowledge. So, it is necessary to develop techniques to represent collaborative 

making in design.  
Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 

The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed indivi
number of experiments. The cooperative knowledge is related to several fields, i.e. several 
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Design is a collaborative activity, in which several actors with different skills work together to reach a 
given goal. Design project team is a short-

gaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 

management aims at enhancing organizational learning in a company based on 
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k

Smith and Lyles 2003].
In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene

making process related to a given context. Therefore, the questions we are going 

How to represent decision-making process in design projects?
How to extract knowledge in decision

able for reuse purpose?
We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.

ral actors work together for a given goal. Facing a specific problem, actors 
propose solutions related to different aspects of the problem. Then they discuss integration of these 
solutions to solve the problem [Matta et al. 1998]. In this collaborative dec
knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
sufficient to extract this knowledge. So, it is necessary to develop techniques to represent collaborative 

Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 

The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed indivi
number of experiments. The cooperative knowledge is related to several fields, i.e. several 
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Design is a collaborative activity, in which several actors with different skills work together to reach a 
-lived organization; at the end of the project actors are 

gaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 

management aims at enhancing organizational learning in a company based on 
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k

Smith and Lyles 2003]. 
In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene

making process related to a given context. Therefore, the questions we are going 

making process in design projects?
How to extract knowledge in decision-making process?

able for reuse purpose? 
We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.
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propose solutions related to different aspects of the problem. Then they discuss integration of these 
solutions to solve the problem [Matta et al. 1998]. In this collaborative dec
knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
sufficient to extract this knowledge. So, it is necessary to develop techniques to represent collaborative 

Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 

The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed indivi
number of experiments. The cooperative knowledge is related to several fields, i.e. several 

4 

TION FOR DESIGN 

Keywords: knowledge representation, engineering design, project 

Design is a collaborative activity, in which several actors with different skills work together to reach a 
lived organization; at the end of the project actors are 

gaged in other projects with other organizations. Moreover, projects can be done by several 
companies; actors can belong to different countries (i.e. in big companies). Given these types of 
organizations, the challenge for knowledge management is how to le
help to solve new design problems. Knowledge is commonly defined by data and information used by 
an actor in a specific context [Matta et al. 2001]. So knowledge is produced in project activities for a 

management aims at enhancing organizational learning in a company based on 
knowledge produced. It is defined as a cycle of transformation from tacit to explicit knowledge in a 
company [Nonaka 1991]. This type of organizational learning will be based on “k

In this paper, we try to face the problem of learning from design projects. As mentioned above, we 
need to make explicit the “knowing how” as well as “knowing when”. These elements are in gene

making process related to a given context. Therefore, the questions we are going 

making process in design projects?
making process? 

We discuss in this paper these questions and present an approach that help to keep track of decision
making process and to classify design rational concepts in order to enhance learning from it.
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knowledge is produced. This knowledge is not generally explicit in a project. Meeting report is not 
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Knowledge produced in collaborative activity is different from one related to a given field [Ducellier 

The nature of knowledge is different: The profession knowledge is related to a field and 
contains routines and strategies developed individually from experiences that involve a 
number of experiments. The cooperative knowledge is related to several fields, i.e. several 
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teams (of several companies) and several disciplines collaborate to carry out a project. So 
there is a collective and organizational dimension to consider in cooperative knowledge. 
Representing domain knowledge consists in representing the problem solving (concepts and 
strategies) [Schreiber et al. 1994]. On the contrary, emphasizing knowledge in cooperative 
activity aims at showing organization, negotiation and cooperative decision-making [Matta et 
al. 2001]. Otherwise, knowledge observed in a corporative constitutes one experiment to be 
structured. 

 Capturing of knowledge is different: The realization of a project in a company involves 
several actors, if not also other groups and companies. For example, in concurrent 
engineering, several teams of several companies and in several disciplines collaborate to carry 
out a design project. The project teams are regarded as co-partners who share decision-making 
during the realization of the project. This type of organization is in general dissolved at the 
end of the project [Matta el al. 2001]. In this type of organization, knowledge produced during 
the project has a collective dimension, which is in general volatile. The documents produced 
in a project are not sufficient to keep track of this knowledge. In most of the cases, even the 
project manager cannot explain it accurately. This dynamic character of knowledge is due to 
the cooperative problem solving where various ideas are confronted to reach a solution. So 
extracting knowledge by interviewing experts or from documents is not sufficient to show 
different aspects of the projects, especially negotiation in decision-making process. 
Traceability, direct knowledge capturing and classification are needed to extract and structure 
knowledge from this type of organization. 

We propose a project memory structure in order to represent collaborative decision-making in design 
projects. A project memory describes "the history of a project and the experience gained during 
realization of a project" [Matta el al. 2001]. It must consider mainly: 

 The project organization: different participants, their competences, their organization in sub-
teams, the tasks that are assigned to each participant, etc. 

 The reference frames (rules, methods, laws...) used in the various stages of the project. 
 The realization of the project: the potential problem solving, the evaluation of the solutions as 

well as the management of the incidents. 
 The decision-making process: the negotiation strategy that guides the making of decisions as 

well as the consequences of the decisions. 
Several methods were defined to represent design rationale in a project. We note mainly QOC 
[Buckingham Shum 1997], IBIS [Conklin 1988], DRCS [Klein 1993], etc. These approaches offer a 
structure to represent negotiation in a collaborative decision-making as Question, Option, Criteria and 
Argument. DRCS language proposes several views to link decision-making to project context (result, 
task, etc.). We use this type of representation in order to keep track of collaborative decision-making 
from design meetings. Traces build links between main characteristics of decisions, actor’s role and 
skills, tasks and project phases, and product parts versions (Figure 1). 
This trace is a representation of an example of collaborative design problem solving. We need to 
identify recurrent decision-making situation in order to identify routines and collaborative problem 
solving strategies related to project types and problems. We know that strategies can be developed 
when human, repeating an action several times, can identify a routine which can be applied to similar 
situations [Richard 1990]. We propose in this work to classify collaborative decision-making traces in 
order to identify routines and problem solving characteristics that help for learning. 

3. Knowledge classification 
In the section above, the attempt to represent knowledge in design projects by traceability of project 
memory is introduced, however, information, which is structured in project memory, is not sufficient 
to represent knowledge for learning purpose. In order to classify knowledge in project memory, 
information has to be structured, and more importantly mapping low-level data into other forms that 
might be more compact, more abstract, or more useful [Fayyad 1996]. Therefore, a knowledge 
classification method to extract knowledge form design project memory is proposed. 
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3.1 What is knowledge
The nature of knowledge plays a quite important role in knowledge classification. On one hand, 
according to cognitive science, memory is where information is stored and knowledge is generated. 
There are two types of 
in short-
memorization [Miller 1956]. For each time a concept is rehearsed while it is in 
is reinforced in long
abstract and more organized concept networks in long
knowledge reside in the concepts as well 
considered as useful conceptual networks that reside in long
other hand, knowledge engineering, as an application of logic and ontology, attempts to represent 
knowledg
famous semiotic triangle has shown three dimensions of knowledge: “sense”, “reference” and “sign”. 
Sign stands for the object that human refers to, and sense is the concept 
and object [Peirce 1974]. For the same object, people with different background can give different 
signs; concept alters according to different context. To represent the meaning triangle, approaches 
based on semantic network, o

3.2 Knowledge classification
A knowledge engineer can interpret expert experiences to conceptualize them then formalize them into 
explicit representation, where knowledge can be recognized and learned. Logic, ontolog
semantic network are frequently referred to for knowledge representation. A semantic network graph 
enable knowledge engineers to communicate with domain experts in language and notations that avoid 
the jargon of AI and computer science [Sowa 2000]. O
consists of term, definitions, axioms, and taxonomy [Gruber 1995]. In our representation of project 
memory, a semantic network graph is proposed. Ontological hierarchy of concepts is employed for 
classificati
differentiated, and understood [Cohen and Lefebvre 2005], while knowledge classification is the 
process in which knowledge is recognized and reasoned. Classificatio
documentation, etc. [Cohen and Lefebvre 2005]. They help to recognize an object with characteristics, 
related to a predefined hierarchy. We focus on knowledge classification in design project memory in 
order to not only re

3.3 Knowledge classification for design project memory
The goal of project memory is to enhance learning from expertise and past experience [Matta et al. 
2013]. Current representati

3.1 What is knowledge
The nature of knowledge plays a quite important role in knowledge classification. On one hand, 
according to cognitive science, memory is where information is stored and knowledge is generated. 
There are two types of 

-term memory with a limited duration, it can be gathered in order to maximize the capacity of 
memorization [Miller 1956]. For each time a concept is rehearsed while it is in 
is reinforced in long
abstract and more organized concept networks in long
knowledge reside in the concepts as well 
considered as useful conceptual networks that reside in long
other hand, knowledge engineering, as an application of logic and ontology, attempts to represent 
knowledge of human mind by building computable models of some domain for some purpose. The 
famous semiotic triangle has shown three dimensions of knowledge: “sense”, “reference” and “sign”. 
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and object [Peirce 1974]. For the same object, people with different background can give different 
signs; concept alters according to different context. To represent the meaning triangle, approaches 
based on semantic network, o

3.2 Knowledge classification
A knowledge engineer can interpret expert experiences to conceptualize them then formalize them into 
explicit representation, where knowledge can be recognized and learned. Logic, ontolog
semantic network are frequently referred to for knowledge representation. A semantic network graph 
enable knowledge engineers to communicate with domain experts in language and notations that avoid 
the jargon of AI and computer science [Sowa 2000]. O
consists of term, definitions, axioms, and taxonomy [Gruber 1995]. In our representation of project 
memory, a semantic network graph is proposed. Ontological hierarchy of concepts is employed for 
classification. Classification can be defined as the process in which ideas and objects are recognized, 
differentiated, and understood [Cohen and Lefebvre 2005], while knowledge classification is the 
process in which knowledge is recognized and reasoned. Classificatio
documentation, etc. [Cohen and Lefebvre 2005]. They help to recognize an object with characteristics, 
related to a predefined hierarchy. We focus on knowledge classification in design project memory in 
order to not only represent the knowledge structure, but also classify knowledge to reuse it. 

3.3 Knowledge classification for design project memory
The goal of project memory is to enhance learning from expertise and past experience [Matta et al. 
2013]. Current representati

Figure 1. Project memory represe
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is reinforced in long-term memory, as a result, contextual information can be encoded into more 
abstract and more organized concept networks in long
knowledge reside in the concepts as well 
considered as useful conceptual networks that reside in long
other hand, knowledge engineering, as an application of logic and ontology, attempts to represent 

e of human mind by building computable models of some domain for some purpose. The 
famous semiotic triangle has shown three dimensions of knowledge: “sense”, “reference” and “sign”. 
Sign stands for the object that human refers to, and sense is the concept 
and object [Peirce 1974]. For the same object, people with different background can give different 
signs; concept alters according to different context. To represent the meaning triangle, approaches 
based on semantic network, ontology, logic etc. has been developed.

3.2 Knowledge classification 
A knowledge engineer can interpret expert experiences to conceptualize them then formalize them into 
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enable knowledge engineers to communicate with domain experts in language and notations that avoid 
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3.3 Knowledge classification for design project memory
The goal of project memory is to enhance learning from expertise and past experience [Matta et al. 
2013]. Current representation approaches emphasize on organizing and structuring the experience and 
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The nature of knowledge plays a quite important role in knowledge classification. On one hand, 
according to cognitive science, memory is where information is stored and knowledge is generated. 
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enable knowledge engineers to communicate with domain experts in language and notations that avoid 
the jargon of AI and computer science [Sowa 2000]. O
consists of term, definitions, axioms, and taxonomy [Gruber 1995]. In our representation of project 
memory, a semantic network graph is proposed. Ontological hierarchy of concepts is employed for 

on. Classification can be defined as the process in which ideas and objects are recognized, 
differentiated, and understood [Cohen and Lefebvre 2005], while knowledge classification is the 
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The argument criteria tree is based on evaluation criteria of design rational in the field of engineering 
design, and class hierarchy of issue and decision is based on research result of design project 
management [Ducellier 2002], [Pahl et al. 2007]. In the criteria tree, we attempt to take project context 
into consideration by adding work environment and project constraint. However, no classification can 
be argued to be a representation of the true structure of knowledge [Mai 2004], the model that we 
propose in this paper is, what we believe, the most approximate and useful representation of design 
project for learning purpose. In order to optimize the classifier, class hierarchy or even representation 
network need to be adapted to a specific applied domain. 
For the argument and propostions, we introduce a predicate argument (critera, times,role ). Times 
represents how many times that this argument appears during a meeting. The role represents from 
which role that this argument is emetted. 

 
Figure 5. Ontological hierarchy 

The ability to extract general information from example sets is a fundamental characteristic of 
knowledge acquisition. In order to generate rules that represent interrelations between concepts or sub-
networks, machine-learning techniques are introduced. Machine learning algorithms can figure out 
how to perform important tasks by generalizing from examples. One of the most mature and widely 
used algorithms is classification [Domingos 2012]. As there are literally thousands of algorithms for 
machine learning, an evaluation of major machine learning techniques is carried out in search for the 
appropriate algorithm (Table 1) [Michie et al. 1994], [King et al. 1995], [Dietterich 1997]. Our 
intention is to classify project memory into rule-based knowledge, and project memory data is not 
extremely large, which leads us to choose an algorithm of rule-based methods. As noted above, a 
concept in project memory depends on the context. So, we aim at representing links between concepts 
in classification in order to reveal the knowledge behind structured graphs. ITRULE, an algorithm that 
can induce an optimal set of concepts or rules from a set of examples, is proposed so far for project 
memory classification [Goodman and Smyth 1992]. The advantage of this algorithm is in the  
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There are still some points that need to be discussed. We believe, for design community, the most 
useful learning knowledge resides in the triangle of “decision, argument and issue”, but is it the single 
learning angle? We consider at the same time negotiation, which is possibly represented by 
“proposition, argument and decision”, could be worth classifying for learning. Because decision-
making process contains not only the ideal solution, but also the negotiation process, in which all the 
propositions (accepted one and refused ones) are evaluated by arguments. Decision triangle gives us 
“why” decision is the ideal solution for certain issue while negotiation triangle gives us “why” some 
propositions are selected and the others are refused. Moreover, in order to represent more accurately 
the dynamic process of decision-making without changing designer’s work manner, we envision to 
simply note how many times the same argument occurs. 
As it is shown in the generic semantic network of project memory, decision-making process is a sub-
network that is interconnected with other parts of project memory. Since design rationale is the most 
useful learning angle for designers, we highlight the sub-network of decision-making process for 
design community. However, other views of project memory can prove to be useful for other roles in a 
project. For example, the interaction between project organization and project realization can be useful 
for managers to learn from past project experience on how to organize a project group for certain 
tasks. 
As we can see the example that we introduced in this paper is an instance demonstration, future test on 
a larger database will be carried out for the classification of graphs or even knowledge rules. 
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