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questions

how to deal with design reasoning?

what is design rationale?

what is the C-K theory?

is C-K theory a good candidate for dealing with design 
reasoning?

how is it related to design science research?

http://www.flightsim.com/feature/neptune/15ajeppchart.jpg

part+I+A+concept+map



part+II+A+design+ra3onale
http://bernardlherbier.unblog.fr/2010/05/12/discours-de-socrate-diotime/

why?

part+III+A+CAK+theory
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Table 2: Eight components of an IS design theory

constructs



2. constructs

•representations of the entities of interest in the theory

•words, symbols, diagrams ...

•clear definition

•decomposing problems in semi-independent parts

[source: Sony Pictures]

sketch



http://www.core77.com/oregonmanifest/ideo_x_rock_lobster/

concepts

a visual 

representation
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map

cmap.ihmc.us/mapindex.html

concept'map



www.thinkbuzan.com/fr/home

mind'map
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Tony+Buzan



a++visual++form++of++note++
taking++used++to++represent++
words,++ideas,++tasks,++and++
items+linked++to++a++central+key++
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how to ... 

...mind map



Use colors to add context

Use size to 

show impact



Use lines between topics 

to reinforce associations

Use images to engage your mind



thank you © live-the-solution.com

use computer to mind map



www.novamind.com/planning/businessBconCnuityBplanning.php

www.novamind.com/planning/businessBconCnuityBplanning.php



enchiel.blogspot.com/2008/07/elBlibroBdeBlosBmapasBmentales.html

use posters to communicate
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Getting+the+Most+
out+of+Mapping

thank you

Michael Deutch

hLp://www.slideshare.net/michaeldeutch/geNngBtheBmostBoutBofBmindBmapping
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the concepts of  ...

your own research



based on your 

research question
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design rationale ...

“ ... a framework of the reasons behind decisions made 
when designing a system or artifact. 

An understanding of the design rationale, or the 
justification for design decisions made throughout the 
design process, is necessary in order to understand, 
recreate, or modify a design ”
- wikipedia

wikipedia

design rationale research ...

• effective methods and computer-supported 
representations 

• for capturing, maintaining and re-using records of ... 

•why designers have made the decisions

compendium



design rationale research ...

• the challenge is to make the effort of recording rationale 
worthwhile and not too onerous for the designer, 

• but sufficiently structured and indexed that it is 
retrievable and understandable to an outsider trying to 
understand the design at a later date, 

• and offers computational services that make the effort 
worthwhile

compendium

visualizing&
argumentaCon



argumentation-based design rationale

• decisions in teams/organizations are invariably made 
through debate and discussion

• but a lot of the effort and reasoning invested is often 
then lost, or locked in particular individuals' heads

compendium

dialog&
mapping



dialogue mapping

• a facilitation process that creates a diagram or 'map' 
that captures and connects participants' comments as 
a meeting conversation unfolds

• especially effective with highly complex or “wicked” 
problems that are wrought with both social and 
technical complexity, as well as a sometimes 
maddening inability to move forward in a meaningful 
and cost effective way

cogNexus

issue-based information systems (IBIS)

• a design rationale

• used to support group discussion
invented by Werner Kunz and Horst Rittel in 1970

• adapted by Conklin et al. for use in software 
engineering in
gIBIS a hypertext tool for exploratory policy discussion



IBIS elements

• issue (question)
being discussed or analyzed

• position (idea)
a response offering a potential resolution or clarification of 
the question.

• argument
in favor (pro) of or against (con) an idea

gIBIS&model
c



gIBIS&(using&Compendium)

issue

posiCon
arguments
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design rationale ... 

of an artifact in ...



your own research

(sub) research 

question

solution

pro

argument

pro

argument

con 

argument

solution



if you freeze to an 
idea too quickly, you 
fall in love with it ...
Jim Glymph,
Gehry Partner

“
”

part+III+A+CAK+theory



CBK&theory

3

C-K design theory: an advanced formulation

Armand Hatchuel and Benoît Weil (2009)
Research in Engineering Design, 19(4):181–192. 

‣(Ondrus and Pigneur, 2009) C-K Design Theory for Information Systems Research



questions

what is the objective of the article?

what are the design theories?

why C-K theory?

design and knowledge

“ ... design cannot be defined without a simultaneous 
knowledge expansion process. ”
- Armand Hatchuel and Benoît Weil



Figure 2. Information systems research framework
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Table 2: Eight components of an IS design theory



C-K theory

• a unified design theory introduced in engineering 

• assumption that design can be modeled and analyzed 
as the interplay between two interdependent spaces: 
the space of concepts (C) and the space of knowledge 
(K). 

• importance to capture the generation of new objects 
and new knowledge, which are distinctive features of 
design.

space(of(knowledge



space of knowledge (K)

• the theory assumes a space of knowledge (K), which is  
the established knowledge available to a designer and 
contains propositions about partly known objects as 
well as relations between these objects

• proposition have a logical status (true or false in classic 
logic, but non standard logic could be adopted) 

• K is expandable since its content changes over time

space(of(concepts



space of concepts (C)

• a concept is a proposition saying that  “an object 
verifies a group of properties” 

• a concept has no logical status in the space of 
knowledge (K): when a concept is proposed, it is not 
possible to prove this is a proposition of K 

• concepts are considered as sets that can only be 
partitioned or included (not searched) ...

space of concepts (C)

• concepts are considered as sets that can only be 
partitioned or included (not searched):

✓ If a property is added, the set is partitioned in subsets

✓ If a property is removed, the set is included in a set 
that contains it. 

• The space of concepts (C) has a tree structure based 
on these partitions and inclusions



Figure 2. C-K dynamics

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion

Figure 1. the design square

[Hatchuel et al., 2003]



K   C operator

• this operators adds or removes properties from K to 
concepts in C

• it creates “disjunctions” when it transforms a 
proposition into a concept

• it corresponds to the generation of alternatives

• it expands the space C 
with elements from K

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion

C   K operator

• this operator seeks for properties in K that could be 
added or removed to reach propositions with a logical 
status

• it creates “conjunctions”  which could be accepted as 
finished design 

• this corresponds to evaluation using an experimental 
plan, a prototype, or testing 

• it expands knowledge
with the help of concepts

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion



C   C operator

• this operator controls the expansion of the space or 
tree of concepts, by partition or inclusion

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion

K   K operator

• this operator allows to expand the space of knowledge 
using logic and proving new theorems

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion



expansion mechanism ...

“ ... helps to define design as the reasoning activity 
which starts with a concept about a partially unknown 
object and attempts to expand it into other concepts 
and/or to generate new knowledge. ”
- Armand Hatchuel and Benoît Weil

co-expansion ...

“ design is the process by which K    C disjunctions are 
generated, then expanded by partition or inclusion, to 
reach C    K ”
- Armand Hatchuel and Benoît Weil

CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion



CAK+theory+illustra3on

research question ...

Is a theory developed in the engineering field, the “C-K 
theory”, a good candidate for dealing with design 
reasoning, and the relationship between design and 
knowledge in IS design research?



story of a design science research (with Jan Ondrus) ...

example

research objectives

‣ design a systematic approach to analyze rigorously the 
mobile payment market and its potential disruptiveness

‣ explore the hypothesis that multi-criteria decision-
making (MCDM) methods are suitable for technology 
foresight

‣ represent the situation in the Swiss mobile payment 
market and reveals previously undiscovered weak 
signals for future trends



environment > the m-payment landscape (2005)

‣Mobile payments were predicted to be successful

‣ Asian countries are in advance compared to the rest of 
the world

‣Uneven developments in Europe (e.g., Austria)

‣ The U.S. market is lagging behind too

‣ The Swiss market is still immature

knowledge > state of the art

‣m-payment is an emerging research topic but literature 
review revealed several gaps

‣m-payments could be considered as a disruptive 
innovation but few approaches have been proposed to 
detect disruptions “ex ante”

‣MCDM methods have been seen as possible 
candidates for technology foresight (Salo, 2003)



first'sketch

1
 

phase 1 > m-payment assessment using (Rafii, 2002)



m-payment assessment using (Rafii, 2002)

ASSESSMENT

MULTICRITERIA

DISRUPTION

not MULTICRITERIA

not DISRUPTION

FORESIGHT

DETECTION

FORESIGHT (I)
PROTO 1

CONCEPTS KNOWLEDGE

[salo, 2003]

[raffi, 2002]

Phase 1- Multi-criteria technology foresight

 disjunction

 conjunction

 disjonction

 partition

applicable

contribution

design

phase 1



Phase 1- Multi-criteria technology foresight > terminology

first sketch evaluation

‣ Exploratory interviews with Swiss industry experts

‣ Assessment of the two disruptions
No Disruption I: Card-based systems are still dominant
No Disruption II: Unlikely to happen due to barriers

‣weaknesses ...
only a broad overview
need for a finer granularity to grasp the phenomenon



ini.al'design

2
initial design > a MCDM approach

‣Use of a more formal and structured MCDM method ...
ELECTRE I & Group decision feature

‣Multi-actor approach is possible

‣Comparison of several alternatives

‣ Finer granularity of analysis ...
Nature of the data collected
Outcome is more formal and precise



 

disruption I > alternatives and criteria

phase 2 > Electre model

‣ [Constructs]
Alternatives, criteria, weights, evaluations, and actors

‣ [Model]
ELECTRE I algorithm + group decision feature

‣ [Method]

‣ [Instantiation]
First version of PylaDESS



PylaDESS v1.0

outranking graph using Electre



ELECTRE

GROUP

not ELECTRE1

not GROUP

MCDM

CO-OP

FORESIGHT (II)
PROTO 2

CONCEPTS KNOWLEDGE

[rogers, 2000]

[bui, 1984]

MULTICRITERIA

DISRUPTIONnot DISRUPTION

Phase 2 - Electre technology foresight

 breadth first

 disjunction

 conjunction

 partition
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Phase 2 - Electre technology foresight > terminology



initial design evaluation

‣ Structured interviews with Swiss key experts,
with “Pack of Cards” technique 

‣ Individual outranking graphs for 6 experts

‣ A consensus on one outranking relation 

‣No Disruption I: Cards-based systems are still 
dominant

initial design weaknesses

‣ Insufficient exploitation of the richness of the data

‣ Lack of explanation of the non-consensus

‣ Limited scalability of the data collection process

‣Minimal visualization of data and outcome



refined'design

3
refined design

‣many improvements in PylaDESS ...
development of computerized “Pack of Cards”
addition of another MCDM method (WSM)
enhanced visualization (e.g., proximity maps)

‣More experts involved to  ...
increase the relevance of the study, and
provide a good representation of the whole industry



phase 3 > a mixed MCDM approach

‣ [Constructs]
Alternatives, criteria, weights, evaluations, rankings, distances and actors

‣ [Model]
ELECTRE I algorithm + group decision feature, WSM, proximity maps

‣ [Method]

‣ [Instantiation]
refined version of PylaDESS with ”pack of cards” and other features

PylaDESS v2.0 > pack of cards



PylaDESS v2.0 > mixing WSM & Electre

PylaDESS v2.0 > visualization



GROUP

HYBRID

CARDS

not HYBRID

not CARDS

WSM

POC

FORESIGHT (III)
PROTO 3

CONCEPTS KNOWLEDGE

[hwang, 1981]

[simos, 1990]

MCDM

Phase 3 - Hybrid technology foresight phase 3
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Phase 3 - Hybrid technology foresight > terminology



refined design evaluation

‣ 20 representative companies of 5 industries in the 
mobile payment market

‣ Active use of PylaDESS during the interviews:
computerized “Pack of Cards” and
real-time feedback

‣ Assessment of the two disruptions ...
No signs of Disruption I
Weak signals of Disruption II

 

campaigns of interviews



CONCEPT KNOWLEDGEdisjunction

CONCEPT KNOWLEDGEconjunction

expansion expansion

DESIGN LOOP KNOWLEDGE BASE

applicable

knowledge

additions to the

knowledge base

Figure 1. the design square & Hevner’s framework

rigor loop

DESIGN LOOP
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draw the ... 

concept space &



knowledge space of

your own research


