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Abstract

This paper proposes a novel integration of formal
design theories—specifically C-K theory—into design
science research (DSR) to better address complex and
1ll-defined problems. Traditional DSR methods often
assume well-framed problem spaces, limiting their
generative potential in tackling grand societal
challenges. By embedding C-K theory into DSR, we
outline a methodology that enhances generativity
through iterative co-expansion of concept and
knowledge spaces. An empirical case in the healthcare
sector illustrates this approach, showing how C-K
theory fostered the discovery of anomalies, expanded
the knowledge base, and led to new artefacts and
business model innovations. QOur findings
demonstrate the relevance of formal design theories
In supporting both knowledge exploration and
generative artefact development. We conclude that
such integration enables more generative, reflexive,
and impactful research processes.

Keywords: design science research, formal design
theories, generativity, C-K theory

1. Introduction

Addressing  today’s  grand  societal and
organizational challenges requires research approaches
that are more transdisciplinary, collaborative, and
closely coupled with formal design theories to gain in
generativity and impact (Luederitz & Etzion, 2025).
These challenges, characterized by high levels of
complexity, interdependence and unknown, demand
methodologies that not only produce actionable
knowledge but also put emphasis on creativity,
invention, and new ways of thinking (Ferraro et al.,
2015). Within this context, design science research
(DSR) has gained recognition as a relevant and
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impactful research paradigm (Parsons et al., 2016). It
offers a rigorous approach to knowledge generation
through the iterative development and evaluation of
innovative artefacts to solve real-world problems
(Hevner et al., 2008; Romme, 2003).

However, as DSR has matured, certain limitations
have become more apparent and have been discussed.
Notably, many DSR approaches assume that problems
can be formulated, often well-defined (Strong et al.,
2023), but not always (Baskerville et al., 2019), as what
needs to be solved within existing knowledge and
experience. Yet, in situations of high complexity and
unknowns, where neither theoretical frameworks nor
practical insights are sufficient to articulate the problem
clearly, this assumption does not hold. In such contexts,
it becomes necessary to rather consider what could exist
beyond current boundaries (Simonovic€ et al., 2024). As
Pascal et al. (2013) and Mullarkey & Hevner (2019)
outline, clarifying the problem itself can be a key design
challenge, one that is often overlooked by DSR
approaches. Misunderstanding or under-defining the
problem at an early stage can indeed significantly
undermine the relevance of the resulting artefact.

Some authors have already explored this issue,
notably using “usage scenarios” co-developed with
practitioners. This collaborative approach contributes to
enhancing knowledge, thereby refining the problem
definition and ultimately increasing the relevance of the
proposed artefact (Pascal et al., 2013; Pascal & Rouby,
2017). Likewise, different forms of engaged scholarship
are proposed to elaborate on the problem-formulation
process (Nielsen & Persson, 2016; Mullarkey & Hevner,
2019). While these methodologies are valuable in
fostering the early integration of practitioners’
knowledge during the diagnostic phase, they remain
closely aligned with traditional DSR approaches (Strong
et al., 2023). Like the parallel tradition of design
thinking (Brown, 2008), these approaches consider
problems as what needs to be solved within existing
knowledge and experience (of practitioners and
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researchers), which limits the scope of the subsequent
generative process. Today’s challenges, by contrast,
require considering what could exist beyond current
boundaries of knowledge, thereby opening new paths
(Simonovic€ et al., 2024).

In fact, all DSR approaches remain limited in their
understanding and analysis of the inherent design
process. Indeed, the majority of DSR methodologies are
based on a Simonian approach of design, which
assimilates design with problem-solving (Simon, 1996).
As a direct consequence, it means that the majority of
DSR methodologies boils down to searching into a
knowledge-based system (Le Masson, Gilain, et al.,
2023), essentially composed of kernel theories.
However, problem-solving approaches are a special
case of design processes, limited in their response to
complex, ill-defined and unknown challenges (Hatchuel
& Weil, 2008).

A substantial body of literature in the field of
engineering design has specifically examined and
theorized the design process (Hatchuel et al., 2018).
These works propose to theorize the design process and
extend this Simonian type of knowledge-based
approach by combining it with models of invention,
discovery, imagination, and partially unknown
propositions. We argue that these works offer valuable
insights for the DSR community, as they open the black
box of the design process itself—the act of designing,
which  often remains implicit within DSR
methodologies, and provide guidance to formulate
problems.

Following calls from (Ondrus & Pigneur, 2009), this
paper thus proposes integrating formal design theories
into the DSR approach, particularly the C-K theory
(Hatchuel & Weil, 2008). This theory is particularly
valuable because it challenges the theoretical
assumptions underlying conventional design views. It
proposes a design ontology that extends beyond
classical cognitive models such as decision-making
under uncertainty, problem-solving, or combinatorial
reasoning (Hatchuel et al., 2018). It provides a formal
framework that supports generativity, defined as the
capacity to conceptualize and create nonexistent
alternatives (Hatchuel et al., 2017).

The following research question informs the
remainder of this paper: How can formal design theory
and especially C-K theory improve design science
research methodologies?

Following the justification of C-K theory, we
advance a novel methodological approach. Section 3
presents an empirical illustration, while Section 4
reports the results and underscores the contribution of
this approach.

2. Refining DSR methodologies with CK
theory

2.1 One formal design theory to support DSR:
the C-K theory

Engineering design, a scientific community that
aims to propose methods for the design and evaluation
of new products, systems, or processes with specific
needs considers design as “the discovery and
elaboration of alternatives” (Guilford, 1967).
Engineering design scholars have thus derived several
formal design theories that guide designers in “their
capacity to generate new propositions that are made of
known building blocks but are still different from all
previously known combinations of these building
blocks” (Hatchuel et al., 2013), which is called their
generative endeavor. Generativity then involves both
ideation but also the creation of new knowledge and
entities, as well as the reordering of existing knowledge
(Hatchuel et al., 2013)

In engineering design, design theories refer to
formal design theories, defined as formal models of the
generative reasoning logic. In other terms, unlike in
DSR, that considers design theories as actionable and
explicit prescriptions on how to develop and design an
artefact (be it a technological product or a managerial
intervention) (Gregor & Jones, 2007), engineering
design considers formal design theories as a model of
any generative process (Hatchuel et al., 2011).

This study of formal design theories is thus a fertile
ground to understand and inspire new forms of
collective actions for generative endeavors (Hatchuel,
2005) and, consequently, to guide DSR approaches in
their design process through designing the social
interactions between the team of researchers and the
organization.

Several formal design theories have been defined
over the years, most recently C-K Theory (Hatchuel &
Weil, 2008). C-K theory has been developed as a
“unified design theory” aiming to shed light on
generative processes (Hatchuel & Weil, 2008).

C-K theory proposes a dichotomous approach in
which generativity arises from the interplay of two
independent spaces. The first one, namely the concept
(C) space, consists of propositions that have no logical
status; in other words, they are neither true nor false.
The concept space is therefore made of ideas, that are
often vague and open-ended, that express several
properties qualifying a to-be-designed artefact
(Hatchuel et al., 2004). The second space, namely the
knowledge (K) space, is made of propositions that do
have a logical status, and as such are either true or false.
It is important to note that this definition of knowledge
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differs from the one proposed in DSR, which
distinguishes descriptive and prescriptive knowledge
(Gregor & Hevner, 2013) and considers only known
propositions. C-K theory emphasizes the importance of
exploring the state of the non-art, referring to
propositions that are known to be false. This is apparent
when Gregor & Hevner (2013) state that “the first
inquiry is: what do we know already?”, since, on the
contrary, C-K theory indicates looking for what we
already know and what we do not already know.
According to C-K theory, any design project
intends to transform an undecidable proposition in the C
space into a true proposition of K through the action of
“design operators”: an operator of knowledge expansion
(KtoK), based on deriving new knowledge from
reasoning or exploration; an operator of disjunction
(KtoC) based on the addition of properties to concepts
that creates new alternatives; an operator of concept
expansion (CtoC) that add properties to already
identified concepts and thus refines them; finally, an
operator of conjunction (CtoK),that creates knowledge
from yet unknown concepts with logics such as
experimentation or prototyping (see Figure 1 for an

illustration).
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Figure 1- Illustration of C-K theory and the four
associated design operators

In more practical terms, generative processes follow
several steps according to C-K theory, as represented on
Figure 2. The first step is the formulation of a concept.
This can only be done relatively to a first set of
knowledge: the initial knowledge K1 allows to ensure
that the initial concept is effectively a concept, meaning
that it is a proposition without logical status (see arrow
1). Based on this initial concept and knowledge,
combined with first explorations, some more knowledge
can be derived, namely K2 (see arrow 2). From this set
of knowledge, first properties can be added to the initial
concept, leading to the formulation of two sub-concepts,
denoted by C1 and C2 (see arrow 3). This interplay and
co-expansion of the two concept and knowledge spaces
carries on, until there are no more properties to add in
the concept space and there is creation of new
knowledge (see arrow 4).
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Figure 2- Representation of generative processes as
modelled by C-K theory

Such a formal design theory has shown its
relevance in industrial and institutional contexts where
it has been used to understand and foster creative
processes and to help in looking for knowledge and
fostering its development (Le Masson et al., 2007). On
a more theoretical perspective, this theory is interesting
in the context of current grand challenges for at least two
reasons. First, it allows expanding knowledge beyond
the initial expectations, and in the meantime, it makes
possible a revision of object identities, therefore
highlighting a double generative process (Hatchuel &
Weil, 2008). Moreover, this theory has been largely
used to understand and foster any creative reasoning
process, but also to overcome the fixation effect, a well-
known creative-hindering effect (Agogué et al., 2014).
From a more practical perspective, C-K theory has
proven useful in supporting collective creative design by
helping teams explore new ideas, activate relevant
knowledge, and align around shared concepts —
ensuring that the creative process remains both
expansive and collectively accepted (Hatchuel et al.,
2009). Finally, it is worth emphasizing that the idea of
leveraging a formal design theory, for DSR, was
recognized several years ago (Ondrus & Pigneur, 2009).
The latter authors state that “design science research
needs a theory of a model to deal with design reasoning”
and mention the relevance of C-K theory. Our work
advances in this direction by providing a formalization
of how C-K theory can be integrated into DSR
approaches, thereby providing the theoretical grounding
for design reasoning that they call for.

2.2 A C-K inspired DSR methodology

The relevance of C-K theory lies in its capacity to
guide a generative process, as it encourages broader
exploration of potential artefacts and the creation of new
knowledge. This helps us to propose a CK-inspired DSR
method, articulating the main ideas of DSR with the
insights drawn from C-K theory. This approach can be
broken down into three main steps, indicating a process
as represented in Figure 3:

Step 1 = Concept Formulation
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The first step is concept formulation, as indicated by C-
K theory. More precisely, we are not only looking for
the formulation of a problem as would be indicated by
DSR approaches. Rather, we are looking for the
formulation of a concept, which is an open proposition,
without logical status. This concept has to be desirable,
in the sense that it should be both a relevant research
question for the research team and an industrial problem
for the collaborating organization. Looking for such a
desirable concept involves looking at a wide diversity of
knowledge (from academics, industrials, or any other
actors) and implies a first generative process to largely
explore available knowledge.

This is the starting point of a dual project: a research
project, whose objective will be to advance scientific
knowledge, and an operational project, whose objective
will be to generate a new artefact responding to an
organization’s issue.

Step 2 = Exploration and Refinements

Once a first desirable concept is formulated,
exploration, intervention, and refinements can take
place. As indicated by the interplay between the two
spaces in C-K theory, exploration is not only the
exploration of the to-be-designed artefacts but also of
the associated knowledge. Refinement is a step of
prototyping, evaluation and reconsideration of the
explorations conducted up to now. Both these actions of
exploration and refinement must not be considered
separately: exploration, as indicated by the tree structure
of the C space, indicates refinement, whereas refinement
can open up new concepts and fall under a logic of
intervention within the organization. Refinements can
take several forms, such as furthering explorations to
refine one identified family of artefacts. It can also be
an evaluation of a designed artefact, leading to
reconsideration or even redefinition of the initial
concept.

This step of exploration and refinement takes place in
close partnership with the organization under study. It
can only be conducted in a logic of intervention, as is
also the case for the first step of concept formulation.
Let us also emphasize that this step is a succession of
exploration-refinement loops.

Step 3 = Knowledge Formalization

The final step of the proposed approach is very similar
to the one indicated by previous DSR methods. It
consists of a formalization of all the learnings and the
knowledge derived. Again, it must be both academic
knowledge, for the scientific community, as well as
more practitioners’ knowledge, obtained during the two
previous steps of intervention. Let us also mention here
that the two previous steps should be guided by an
evolving C-K cartography (as represented in Figure 1).
This helps in formalizing knowledge and makes visible

the conducted exploration to ensure a coherent
generative process.
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iTigure 3- Process of the C-K based DSR

3. Empirical illustration

The objective of this section is to present an
illustrative case that depicts the application of the
proposed integration of C-K theory into DSR. In line
with the DSR tradition, the illustrative case is not
intended as an empirical validation but rather as a
methodological means to shed light on how the
proposed method operates in practice (Hevner et al.,
2008; Peffers et al., 2007; Sein et al., 2011).

3.1 The empirical context of wound healing and
its digitalization

The case takes place in a French healthcare company
specialized in wound care, which some years ago
launched a mobile application. Wounds are a rupture in
the skin’s protective function that can stem from a wide
variety of pathologies. The wound healing process is a
complex biological process that requires frequent
evaluations and treatments by both nurses and
physicians. This raises a major issue of collaboration
between healthcare professionals, which explains why
this company came up with the idea to launch a mobile
application to facilitate HealthCare Professionals
(HCPs) collaboration around one wound.

This mobile application was launched 10 years ago
allowing the company to access to a rich database made
of medical data, administrative data, and usage data
based on the information that HCPs feed the application
with. This rich data set was used for different purposes
by the company such as to better understand the process
of wound healing. Another purpose that originally
motivated this study was to gain deeper insights into
user behavior within the application, with the aim of
better understanding the organizational processes
involved in wound healing.

More specifically, the company’s objective was to
better understand the behavior of HCPs facing wounds,
to improve wound healing for patients, and to gain a
clearer understanding of user interactions with the
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application, to adapt it to better address their needs. This
project was therefore first referred to as a user
segmentation one, given its proximity to the traditional
marketing approach of segmentation. The project leaned
on usage, indirectly created by users, such as the number
of messages sent by each user, the number of photos
taken by each user, or the number of wounds and
patients treated.

This project started some months before the arrival
of the researchers at the company. It appeared
particularly relevant to implement and experiment a new
design science methodology framework grounded in
formal design theories, as it combined interdisciplinary
knowledge and strong innovation potential. The
challenges it represented required exploring new
concepts while leveraging a diversity of expertise, in
other words, a generative endeavor with rigorous
inquiry, a key ambition of DSR for what formal design
theories can be useful. Our role as researchers was to
collaborate closely with the entire mobile application
team to develop new segmentation models and gain a
better understanding of users’ behavior. To do this, we
intervene within the organization by proposing and
testing a new methodological approach, inspired by
DSR and grounded in C-K theory.

3.2 Data collection and analysis

The study detailed above was conducted over a
period of approximately three years, from December
2021 to September 2023. A team of three researchers
entered the company at the time of its first marketing-
driven segmentation strategy. One of these researchers
remained involved throughout the entire period,
ensuring continuity in the observation and analysis.

The strong and committed presence in the company
enabled us to gather a rich body of empirical material:
69 hours of interviews with the project stakeholders,
participation in 9 project steering committees,
participation in 3 internal work seminars and access to
internal documents (5 product strategy PowerPoints, bill
of specifications).

The rich empirical data was analyzed by the three
researchers, specialized in both formal design theories
and management sciences. The notes taken during each
interview, as well as the participation in internal work
seminars, were analyzed qualitatively following an
inductive logic inspired by the grounded theory
approach (Glaser & Strauss, 1967). To structure the
analysis, we drew on the dichotomic approach of C-K
theory, distinguishing between the concepts explored
and the knowledge mobilized. Data triangulation was
done thanks to the internal documents gathered.
Following a design science approach, 12 steering
committees were organized with the company, which

were the occasion for the research team to present their
first results and get feedback from executives of the
company. The discussions that resulted were noted and
then integrated into the set of data to be analyzed with
the same objective.

3.3 Insights from the case of user segmentation
to understand users’ behaviors

3.3.1 A first marketing-driven strategy

Based on the shelved and available set of data, the
company launched first an initiative to segment its user
base, following the standards of segmenting techniques
in marketing and applying pure clustering algorithms
such as k-means. Facing disappointment with the
results, they intended to launch a broader project on user
segmentation, which coincided with the arrival of the
researchers’ team within the organization. Based on this
first unsuccessful strategy, we proposed several other
strategies. This proposal was formalized as a C-K
cartography, that acted as a guide throughout the whole
research project. Not only a tree of concepts, this C-K
cartography was an opportunity for researchers to gather
a wide diversity of knowledge, such as, among others,
scientific knowledge on wound healing, statistical
segmenting methods, but also knowledge of the wound
healing professionals.

3.3.2 A second data-driven approach

The C-K cartography indicated a second approach that
consisted in pre-transforming the data, precisely
transforming the number of actions into frequencies of
action, then selecting of subset of variables of interest.
Afterwards, a similar clustering algorithm was
conducted in partnership with the data scientist of the
mobile application project, and again, the results were
disappointing for the company, due to the emergence of
anomalies. This notion is common in data science and is
defined as “occurrences that are in some ways unusual
and do not fit the general patterns” (Foorthuis, 2021). As
irregularities in their etymological meaning, anomalies
are the quintessence of unexpected user behavior.

3.3.3 A third knowledge-driven approach

After these two unsuccessful strategies and based on the
C-K cartography done, a knowledge-driven strategy has
been launched. The idea was to start directly from the
raw data of usage without applying pre-defined
marketing models nor using pre-transformed data. A
first data discovery step, with principal component
analysis (PCA), was conducted, leading to the
identification of variables of interest. Based on the
identified variables, a clustering algorithm (precisely a
k-mean algorithm), was conducted and again, it
uncovered anomalies. This time, the anomalies were not
dismissed but instead used as a valuable source of
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knowledge. It is worth noting that the data points and
anomalies refer to HCPs.

Once the anomaly was identified by the designed model,
interviews and full days were organized with the HCP.
This was the occasion to uncover knowledge not
initially identified when the project started. This
knowledge was then used to better understand the
segments given by the clustering algorithm, thus
answering the initial demand of the company to better
understand users’ behavior. This third strategy was the
opportunity to go beyond the mathematical knowledge
and gather practitioners’ knowledge, from stakeholders
within the company (key account managers, medical
representatives), but also from HCPs treating wounds,
and more specifically, those identified as anomalous.
3.3.4 Learnings and consequences of this new
knowledge

Through this third exploration-refinement loop, a
broader set of knowledge was gathered — one that had
not emerged in the first two strategies. In other words,
facing an anomaly in the designed model, the refinement
stage was an opportunity to gather new knowledge. This
knowledge was then useful to refine the model by
shedding light on the importance of users’ business
model to understand their behavior in the application.
Precisely, the initially identified anomaly at the end of
the third approach revealed itself as a healthcare
provider, a specific actor in the French healthcare
systems, with a business model halfway between a
pharmacy and a private practice nurse. Understanding
this enabled us to build a detailed and accurate model of
how users interact with the application. These loops and
explorations are summarized on a C-K cartography, that
helped afterwards to control the generative process
conducted (see Figure 4, representing on top the output
of the designed model with below a C-K cartography
representing the conducted explorations, both in terms
of concepts and knowledge).

]

Second data-driven
strategy

i
Third knowledge-
riven stratogy

Figure 4- C-K based representations of the various
explorations conducted thanks to each approach.
Once that was done, the company wondered about the
relevance of including this new type of user into the
mobile application, a main ramification of the initial
goal segment to segment and understand user behavior.
This ramification of the initial project provides an initial
empirical indication of the generative nature of the
proposed method. Not only is the proposed method
generative within the project—since it enables the
creation of original knowledge and solutions—but it is

also generative beyond the initial project by opening up
further opportunities.

3.3.5 Exploring the inclusion of a new stakeholder in
the application

With a better characterization and understanding of this
class of (initially) anomalous user, the question is
whether the mobile application should be adapted to
better accommodate and include them. This is therefore
at the origin of further explorations with a diverse set of
stakeholders (healthcare regulators, marketing &
insights department of the company...). After all these
investigations, the relevance of this new user for the
company was proved. Relevance in terms of economic
power (these healthcare providers are ready to pay for
this mobile application, whereas it was initially free) but
also relevance in terms of data generation power (as
experts in wound healing, the medical data they enter in
the application is of very high quality). Finally, this
turned into the development of a new screen in the
mobile application to gather the profession of all users,
as well as a redefinition of the business model, which
shifted from free-for-all to paying-for-some. These two
questions of designing a new business model for the
mobile application and a way to integrate new
stakeholders were tackled with the help of a C-K theory.

4. Results: formal design theories to foster
generative endeavors in design science
approaches

This section shows how C-K theory, as a formal
design theory, helped in leveraging a wide diversity of
new knowledge; second, how it acted as a catalyst for
generative explorations; and third, some concluding
remarks on the CK-inspired DSR methodology.

4.1. A more generative exploration

Coming back to the case of the user segmentation,
what appears is an increasing use of different knowledge
bases. During the first loop, which is no more than a first
design strategy model in data science, the only
knowledge base leveraged was a science-based one. It
essentially consisted of knowledge associated with
clustering approaches in marketing. During the second
loop, which refers to a very data-driven approach, the
knowledge base was extended with more science-based
knowledge: a broader exploration of potential
segmentation models and data transformation
techniques was conducted. Finally, during the third
loop, a broader knowledge-driven approach was applied
where the previous science-based knowledge was
leveraged and completed by the actors’ knowledge. This
new and complementary knowledge came from various
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actors of the healthcare sector (nurses, medical
representatives...), obtained from interviews and days
within the daily routines of HCPs.

In this third approach, the knowledge generated was
fostered by the discovery of one anomaly in previous
approaches (an anomalous user behavior). Because
previous approaches did not work, formal design
theories indicate, especially in the interplay they put
forward between concepts and knowledge, to expand
the latter to gain in creative problem-solving power. As
expected, the knowledge acquired by the actors during
this occasion contributed to further explorations by
enhancing our understanding of the anomaly. This
deeper understanding, supported by C-K theory, led to
the emergence of new questions, concepts, and potential
artefacts.

4.2. Leveraging a diversity of knowledge

Once this new knowledge was generated and
combined with a better understanding of the anomalous
users, various questions and subsequent avenues for
exploration emerged. The first exploration focused on
integrating this new group of stakeholders into the
mobile application. Integration here refers to the
definition of specific features and the value it might
bring to the company, whether in terms of economic
gain, reputational benefit, or data acquisition. All these
dimensions were carefully explored and assessed during
the five steering committees dedicated. For confidential
purposes, we do not provide here the C-K cartography
of the explorations on the new functionalities to embark
in the mobile application. Notably, the discovery of
these new users reopened the question of the
application's business model, prompting extensive
further exploration. Four steering committee meetings
were dedicated exclusively to this specific line of
inquiry.

Following the various stages of the C-K-inspired
DSR methodology, multiple levels of learning were
generated. The first level aligns with the core objective
of DSR approaches, which emphasize the production of
new scientific knowledge. In this specific case, the
scientific knowledge generated sheds light on the
various design strategies in data science (Bordas et al.,
2024). More specifically, it contributed to advancing the
field of engineering design by providing insights into
the various design processes involved in data science
and clarifying their relationship to anomalies. A second
knowledge contribution relates to the business model of
the healthcare mobile application, although it has not
been published to date.

Besides these academic learnings and scientific
knowledge  generated, more  practice-oriented
knowledge was uncovered. This knowledge emerged

from an in-depth exploration of the healthcare context
and was uncovered through interviews and legal
investigations, such as the analysis of decrees defining
new healthcare providers. Although it did not result in
an academic publication, it enriched the company’s
internal knowledge base. Notably, it also opened the
door to new collaborations with HCPs who had not
initially been identified as potential partners.

4.3. A new DSR methodology leveraging formal
design theories: the C-K inspired DSR
methodology

As a conclusion of this results section, we shall give
an overview of the usefulness of formal design theories
such as C-K theory when incorporated in a DSR
approach. Firstly, we demonstrated that C-K theory is a
relevant  framework for fostering knowledge
exploration, as it allows for the integration of both
science-based knowledge and the experiential
knowledge of actors within the ecosystem where the
final artefact is intended to operate. Secondly, this new
knowledge fostered the exploration of artefacts beyond
those initially identified, ultimately enabling the
development of a new business model for the mobile
application. Thirdly, following knowledge generation
and artefacts exploration, C-K theory helped in deriving
various learning outcomes for both researchers and
practitioners, with insights resulting in academic
publications but also new business opportunities for the
company. Although not particularly highlighted in this
paper, it should be noted that C-K theory has also made
it possible to formalize learnings and knowledge, to
schematize and thus make visible possible explorations
and alternative artefacts. This is what happened during
the various steering committees with the company
where C-K cartographies were presented to formalize
complex research explorations and learnings.

5. Discussion: formal design theories to
tackle the generativity challenges in design
science

The objective of this research was to enhance the
generative outcomes of DSR methodologies, for which
formal design theories -including C-K theory- proved to
be relevant. After proposing a new methodological
approach that integrates C-K theory into the steps of
DSR, we provided an empirical illustration. We
demonstrate a threefold relevance of formal design
theories: their importance for knowledge exploration,
generative artifact development, and the achievement of
diverse learning outcomes. These findings are now
discussed.
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5.1. On the relevance of formal design theories
in design science

First, as some IS scholars emphasized, there is a
need to enhance the generative potential of design
science methodologies (Simonovi¢ et al., 2024). This
call for generativity is a consequence of modern-day
grand challenges that society is facing and can take two
forms: generativity in the exploration of new knowledge
to address a problem, and generativity in the exploration
of solutions to address a problem. This brings back the
dichotomic logic of problem space and solution space,
for which traditional design methodologies emphasize a
disjunction between the two spaces. For instance, the
design thinking process (Brown, 2008), which is not a
formal design theory, is built into two main phases: a
first one focusing on defining the problem space and a
second one selecting into a solution space. Instead, an
approach based on formal design theories, such as C-K
theory, emphasizes the interplay between both spaces,
thus fostering a generative outcome. This approach not
only enables the development of more original artefacts
but also promotes greater originality in the knowledge
explored and mobilized. Consequently, the design
process is not sequential, as proposed in models such as
design thinking (Brown, 2008). Instead, it reflects a
dynamic co-evolution of problems and potential
solutions, whereby the initial problem is sometimes
redefined. This recursive interplay is a key driver of the
increased generativity observed. Using C-K theory also
makes it possible to go beyond traditional DSR
approaches that promote bounded creativity
(Baskerville et al., 2016). Indeed, it enables thinking
outside the box while maintaining research rigor,
moving beyond creativity toward true generativity.

5.2. Formal design theories to control the
creative reasoning process

We also used formal design theories, specifically C-
K theory, to enhance the creative outcome of DSR
methodologies. Yet, another use of formal design
theories can be acknowledged in this context: formal
design theories can be relevant to control the generative
process.

First, it must be recognized that design science
approaches are not just about designing artefacts that
respond to organizational problems, but also about
understanding organizational mechanisms (livari,
2003). Nevertheless, the organizations studied by these
approaches are not at the heart of the design process,
since the design effort is carried out by the team of
researchers deploying the design science intervention
(Le Masson, Gilain, et al., 2023). Thus, from an
epistemological point of view, the study of

organizational ~mechanisms of design seems
complicated by these approaches. Studying the design
process itself and the underlying organizational issues
requires the research team to exercise very fine-grained
control over the design reasoning adopted by the
organization being studied. For example, it is necessary
to be able to identify the fixation effects from which the
organization under the microscope may suffer (Ezzat,
2017).

In this context, formal design theories are
particularly interesting, precisely because of their ability
to represent, trace, and understand the design process
adopted by an actor (or an entire organization)
(Hatchuel et al., 2017). Thus, equipping DSR
approaches with formal theories of design would
ultimately enable DSR researchers to better understand,
model, and then shed light on organizational
mechanisms, indeed realizing the initial objective of
DSR approaches. While this article does not extend to
the full development of the proposed research method,
it is important to note that using C-K theory to represent
and make visible all the explorations conducted,
particularly those carried out by the organization, which
constitutes a first step toward gaining control over the
underlying generative process.

5.3. Limits to formal design theories such as C-
K theory

By definition, C-K theory highlights an open-ended
and potentially infinite design process (Hatchuel &
Weil, 2008). This is precisely due to its foundation in a
dual expansion logic: the expansion of concepts and the
expansion of knowledge, each reinforcing the other.
This dynamic is central to the seminal work on C-K
theory, which transcends traditional problem-solving
approaches and the search within a predefined solution
space by actively contributing to expanding the solution
space (Hatchuel & Weil, 2008). As such, the question of
when such a process should be stopped to come up with
a realizable artefact remains a crucial managerial issue.
This is implicitly acknowledged by Elmquist & Le
Masson (2009) who showed that using such a design
approach requires new performance and evaluation
metrics, i.e. a new managerial logic. A similar idea can
also be found in Hooge et al., (2012) who propose
practical guidelines to implement a C-K theory
approach into new product development.

To deal with these issues in using formal design
theories in the design process, some authors have
proposed integrating Six Sigma tools with C-K theory
(Sony & Naik, 2019). More recently, some authors
advocated combining C-K theory with agile
methodologies for product development to enhance both
creativity in design processes and systematicity of
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formal design theories (Barni et al., 2024). Finally, the
notion of knowledge maturity could also be relevant
(Capaldo et al., 2017): during the design process, if no
new knowledge is produced to address and explore the
identified concepts, the process can be halted. In other
words, if there is no robustness in the sense that the
knowledge explored is no longer relevant to addressing
and furthering the concept exploration, the process goes
round in circles. The definition of constraints can also
be an answer to the infinite criticism that can be
formulated towards the design process as modelled by
C-K theory.

6. Conclusion

Given the major contemporary challenges, creativity
-and more broadly, generativity- has long been
recognized as a key resource for addressing issues
arising from ongoing societal and technological
transitions. This is also one of the objectives of DSR
methodologies, which try to enhance scientific
knowledge by addressing practitioners’ problems.
However, in response to calls from the design science
literature, there is a growing need to strengthen the
generative capabilities of these methodologies. To
address this, we propose drawing on insights from the
engineering design literature, and more specifically,
from formal design theories. Defined as formal models
of generative processes, these theories offer promising
tools to equip DSR methodologies and enhance their
generative potential.

To do so, we therefore proposed a new approach that
leverages C-K theory, one of the most recent formal
design theories. Used in an empirical case study, we
show that the proposed methodology facilitates broader
exploration of potential artefacts and relevant
knowledge domains, thereby fostering the creation of
new knowledge. This new methodological approach, a
C-K inspired DSR methodology, enables a more
generative process, thereby opening promising avenues
for its application in the context of addressing grand
societal challenges.

As with any research, this study has limitations.
First, there are some inherent limits to the context of this
research, namely, the digitalization of healthcare. This
company was particularly open to such new approaches,
but it could be interesting to explore its relevance in
diverse industrial contexts. Second, While the outcomes
presented here may seem to reflect primarily
incremental innovation, it is important to note that C-K
theory also holds significant potential for supporting
more radical or disruptive innovation processes (Felk et
al., 2011). However, in times of transitions, a logic of
creative preservation has proven particularly relevant, a
context in which C-K theory has demonstrated its value

(Le Masson, Hatchuel, et al., 2023). By combining the
relevance of C-K theory for addressing -creative
preservation with the value of design science
methodologies for tackling grand challenges, the
approach developed here offers a particularly robust and
timely contribution in a time of complex transitions.
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