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Design Pattern as a Bridge Between
Problem-Space and Solution-Space

Jan Marco Leimeister, Ernestine Dickhaut, and Andreas Janson

Abstract Designing novel technologies provide challenges to developers. To sup-
port developers in designing these technologies, design knowledge must be codified
and made applicable for the future. In systems development, design patterns provide
proven solutions to solving recurring problems. They contain templates for describ-
ing design information, often in tabular form, and are established tools for making
complex knowledge accessible and applicable. Design patterns play a critical role in
both practice and research in finding potential solutions. For researchers, patterns
can provide a method for codifying design knowledge for future research. For
practitioners, design patterns provide established solutions to recurring problems.
By applying them in a particular context, the pattern represents elements of both the
problem-space and the solution-space, providing an opportunity to bridge the gap
between the two spaces. Due to the abstraction of design patterns, they can be used
for different application scenarios. The preparation of the design knowledge in the
design pattern is a critical step to support the user in the best possible way, that
determines the usefulness of the pattern.
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1 Introduction

In information systems (IS) research, the accumulation of design knowledge is
becoming increasingly important for research and practice [1]. In particular, the
Design Science Research (DSR) paradigm, which is widely used to design and
develop technologies [2], focuses on the development and evaluation of new tech-
nologies, applying rules and concepts such as design theories and principles that can
be used to map and support design processes [3]. However, at first, it is necessary to
take a closer look at what design knowledge is and how it is generated in DSR
projects. The ability to generate and use knowledge has become an important quality
characteristic for design-oriented research [4]. When we study the understanding and
use of design knowledge in IS research, the focus is on harnessing design knowledge
for the future. Vom Brocke et al. [5, p.6] emphasize “the goal of DSR is to generate
knowledge about how to effectively build innovative solutions to important prob-
lems”. Good design should not be used only for a “single success story” [6]. Reus-
ability and learning from design knowledge are critical to the success of DSR
projects and beyond. This raises the problem of how acquired (design) knowledge
should be codified so that others can use the knowledge to solve design problems in
depth.

Contextual knowledge is often necessary to better classify the problem and thus
identify and develop the right solution approach to solve a problem. To achieve this,
the problem context must initially be understood, the problem identified and classi-
fied, and then the appropriate solution developed. To be able to solve problems in
development, support is needed that codifies extensive design knowledge in a
practical manner and helps the user to find a suitable solution for the problem at
hand. For this purpose, design knowledge must be codified in a practical one.

This paper introduces the approach of design patterns for the codification of
design knowledge. The peculiarity of design patterns is that they combine content
that provides a solution direction with information from the problem context
[6]. Thus, design patterns provide elements from both the problem-space and the
solution-space, allowing the user to find creative solutions suitable for the problem at
hand with the help of codified design knowledge. To this end, design patterns differ
from other approaches to codify design knowledge, such as design principles, and
the distinctive features of design patterns in unifying elements from problem-space
and solution-space are elaborated.

2 The Concept of Knowledge in the Background
of Design-Oriented Research

Before we can consider the specificity of codifying design knowledge in design
patterns, we first have to take a closer look at what knowledge is generally and how
design knowledge is distinguished from knowledge.
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Knowledge comprises information that is gathered through the interpretation of
experiences. Therefore, knowledge is built up through interaction with the world and
is organized and stored in the mind of an individual. Two forms of knowledge can be
distinguished:

1. Tacit knowledge exists unconsciously in a person’s mind without the need to put
it into words.

2. Explicit knowledge can be communicated to others and recorded in written
documents and procedures.

While explicit knowledge can be easily transferred, other types of knowledge,
such as tacit knowledge, are difficult to transfer [7]. Knowledge is created by
individuals and becomes valuable by being passed on to other individuals [8]. How-
ever, to make the knowledge usable for the future and accessible to others, it must be
captured and codified [9]. Challenges arise particularly from the application of
theoretical knowledge in a practical context [10]. To ensure that this knowledge
has added value in practice, it must be individually adapted to the respective context.

In addition to the distinction between tacit and explicit knowledge, knowledge
can be divided into know-how, know-why, and know-what [11]. Know-how knowl-
edge is acquired through “learning-by-doing”, i.e. in the execution of the activity.
Second, know-why is based on rules and techniques learned through training. Third,
know-what is an important way in which knowledge is generated [11]. To acquire
know-what knowledge, information about the problem context and the need to
implement the solution must be provided.

Knowledge generation is a process in which individuals cross the boundary of the
old into a new self by acquiring new knowledge [8]. In the process, new conceptual
artifacts and structures for interactions emerge that offer possibility. Knowledge
influences how reality is viewed. The same reality can be viewed differently
depending on the knowledge one has. The context of the situation is important to
generate knowledge because the context helps to relate and classify the information.

Knowledge generation starts with socialization, which is the process of
transforming new tacit knowledge through shared experiences in daily social inter-
action. Tacit knowledge is difficult to formalize, thus, it is often time and space
specific. The knowledge can only be acquired through shared experience [1].

Design knowledge is a special form of knowledge, namely knowledge about the
design of a system including the associated methods and constructs [2]. A person
acquires this knowledge, for example, through experience in designing systems or
through education. Design knowledge is gained from creative insights as well as
trial-and-error processes and therefore does not usually have a close deductive
relationship to existing scientific knowledge [12]. It exists initially only as tacit
knowledge in the person’s mind. The experiential space, and thus the existing design
knowledge of a person, varies depending on the person’s level of experience. By
actively applying the tacit knowledge, an individual solution can be found. Design
knowledge should ideally be reusable for similar problems. However, challenges
arise in an application when problems at hand are very general and the design
knowledge must be abstract yet actionable enough [13].
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Design knowledge is characterized by vagueness, hierarchy, and links to other
knowledge-bits, which makes it difficult to share [14]. In system development, the
sharing of design knowledge is an important step towards developing high-quality
systems with high user acceptance. In large software projects, knowledge does not
exist in the head of a single person [14] but is based on the shared knowledge of
several people. Thus, implicit design knowledge should be transferred into explicit
knowledge and made accessible to other people [15]. In practice, internal company
wikis are often used to organize knowledge transfer and design patterns for this
purpose. We will look at these challenges in the next chapter, where processes of
codifying design knowledge will be addressed.

3 Sharing Design Knowledge

3.1 Externalization of Design Knowledge

The SECI model (socialization—externalization—combination—internalization) by
Nonaka and Takeuchi is a concept that describes the emergence of organizational
knowledge [2]. As a standard model for knowledge generation, transfer, and devel-
opment of knowledge, the SECI model forms a basis for describing the explication
of tacit knowledge into explicit knowledge (see Fig. 1).

The model classifies knowledge into explicit knowledge, which is objective,
codified, transferable, and formal, and tacit experiential knowledge, which is diffi-
cult or impossible to convey and is only very inadequately codified. Tacit knowledge
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Fig. 1 Externalization of design knowledge (based on the SECI model) [8]
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is based on experiences, culture, emotions, and values and is manifested in meth-
odological and social competencies more than in qualifications, i.e. also in action
routines and procedures, but also convictions, beliefs, and culturally codified sche-
mata. The explication of an implicit context is an essential prerequisite for the
creation of new knowledge.

Socialization is the exchange of experience through both horizontal and vertical
communication. In the exchange of experience, knowledge is developed through
conversation, at a conference, or through imitation. According to the SECI model,
the transformation from unconscious to conscious knowledge is called externaliza-
tion. By including images, metaphors, or models, implicit knowledge is externalized
in such a way that it can be understood by others. In combination (combination ¼
explicit-to-explicit), existing explicit knowledge is combined with other knowledge
content to form new, explicit knowledge. Different contents can be transformed by
media, from analog to digital, and expanded by adding other contexts.

The reverse process from conscious to unconscious knowledge is called internal-
ization. In this process, explicit knowledge is transformed into tacit knowledge,
which means that experiences and knowledge gained through previous socialization,
externalization, or combination are integrated into individual mental models.

The SECI model can be applied to the process of codifying design knowledge
through design patterns. Design knowledge is initially tacit and difficult for other
people to grasp in its form. By codifying design knowledge in design patterns, it is
codified and recorded in a communicable form of representation. Now the knowl-
edge can be picked up by other people and be used as a set of rules.
Design knowledge can exist in many disciplines. For example, legal design knowl-
edge differs from design knowledge in DSR. The legal expert brings knowledge
about legal requirements to design novel technologies [16]. Nevertheless, legal
design knowledge can also be codified into design patterns (externalization)
[17]. The codified legal design knowledge can be used by others. However, there
is special caution required in the way the design knowledge is represented if people
outside the domain are to use the externalized design knowledge. A developer may
have a large repertoire of solutions to design software, but usually little legal
knowledge.

3.2 Codification Approaches of Design Knowledge

Since knowledge is often vaguely formulated, the codification of design knowledge
requires special methods. There are already various approaches that deal with
methods for codifying design knowledge to be able to capture it for the future and
to share it with others (see Table 1).

Cheat sheets are a common method for capturing design knowledge, especially in
system development. A large amount of knowledge is stored in a small space,
usually on a “one-pager” [25]. This allows the user to obtain a large amount of
information briefly and thus find a solution to any problem as quickly as possible
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[26]. In particular, the development of cheat sheets is a crucial way to retrieve
knowledge and bring it to the point from a learning perspective [24].

Knowledge maps or similar approaches such as mind maps or conceptual maps
are based on the idea of representing knowledge as it is stored in memory. In
comparison to cheat sheets, they use a graphical representation and visualize rela-
tionships between individual elements using connections and arrows [18]. Knowl-
edge maps have proven useful in identifying areas where are gaps in knowledge,
resources, and knowledge flow. These approaches are especially used when knowl-
edge is to be captured but not shared. Wikis are created for knowledge transfer,
especially in teams and organizations. They focus on the transfer of individual
knowledge [20].

Wikis have the advantage of an overview page that allows users to find exactly
the information they need. In practice, wikis often replace exchanges between
individuals within an organization. The way knowledge is codified within the wiki
varies depending on the author of the contribution. Knowledge transfer between IT
professionals often occurs through information systems. This often includes addi-
tional information found in system documentation and user training materials [27].

Prototypes are often used for communication between developers and other
disciplines. They allow both sides to demonstrate requirements and possible func-
tionalities in a practical way [21]. They provide a cost-effective demonstration of the
system and offer the opportunity to contribute to expertise [28]. These approaches do
not provide a solution to the challenge of codifying design knowledge in such a way
that it can be understood by disciplines outside the domain. Facts such as lack of
structure, use of technical terms, and incompleteness lead to low use of these tools. It
must be ensured that design knowledge is formulated in a clear, unambiguous, and
accessible language and is free of inconsistencies and contradictions [10].

Table 1 Overview of various methods for codifying design knowledge

Categorization of knowledge (according to
[3])

Method for codifying design
knowledge Source

Know-how Knowledge maps [18]

Mind maps [19]

Conceptual maps [18]

Wikis [20]

Prototypes [21]

Design principles [22]

Design patterns [23]

Know-why Cheat sheets [24]

Prototypes [21]

Design patterns [23]

Know-what Wikis [20]

Design principles [22]

Design Patterns [23]
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In system development, design patterns are a solution to solve recurring problems
and challenges [23]. Design patterns are established tools for making complex
knowledge accessible to system developers. The advantage of patterns in compar-
ison to design principles, for example, is that they cover all three forms of knowledge
while providing an established approach to development practice. In the literature,
patterns are often referred to as “templates” of established solutions for frequently
recurring problems in system development.

4 Design Science Research and Design Patterns

Although the IS discipline has extensive experience in digitizing and designing
sociotechnical artifacts, the underlying design knowledge is not systematically
accumulated across different settings and projects and therefore cannot be trans-
ferred and reused in new contexts [29].

Design patterns originally come from the field of architecture and were
established by the work around Alexander et al. [30], in which architects are
supported in the design of houses and the planning of cities by design patterns. In
design, architects regularly face recurring problems in which proven solutions can be
applied. Proven solutions do not add value to others until they are shared on a
sufficient scale. Thus, design patterns are used to capture proven solutions to
recurring problems and make them usable for the future.

After design patterns have revealed themselves to be useful in architecture, many
different disciplines adopt the idea of design patterns and transferred it to various
disciplines. In system development, design patterns have become established pri-
marily through the work of the so-called “Gang of Four (GoF)” around Gamma
et al. [31].

Design patterns represent abstract and thus generally applicable and reusable
solutions for recurring problems. “Best practices” are codified in design patterns and
are made usable for the future. For this purpose, a design pattern offers a kind of
“template”, which is structured in the same way for all patterns. They do not present
innovative solutions and do not “reinvent the wheel” but build on proven solutions.
At the same time, a design pattern offers approaches to solutions for many problems.
Thus, design patterns address one of the problems identified by Brocke et al. [5] in
the reuse of design knowledge by codifying design knowledge in design patterns in
an abstract way.

Petter et al. [32] see four crucial phases in the life cycle of design patterns (see
Fig. 2). In the first phase, the development of the pattern, both domain knowledge
from the corresponding domain and theories from the literature together with
existing “best practice” solutions flow into the development. Thereupon, the pattern
is used in the second phase and comes to a practical use in the third one, the use, in
order to solve recurring problems. In all three phases described so far, the design
pattern can be continuously evaluated.
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5 Problem-Space and Solution-Space in System
Development

DSR projects aim to solve problems in application domains. In doing so, a detailed
understanding and description of the problem, as well as the positioning of those
within the problem-space, are essential. Two key components describe the problem-
space: the application context and the quality criteria for solution acceptance [5].

The application context describes the problem in its context. The problem-space,
the main stakeholders of the problem-space, the mutual influence of those with the
design solution are discussed. In addition, problem-spaces are closely tied to time
and place. The relevance of today’s problem may not be tomorrow [5]. Therefore, it
is essential to record the time in which the problem was perceived. Contextual
aspects of location include relevant geographic indications such as rural vs. urban
environments or already developed vs. developing countries. Overall, the context of
the application of a DSR project defines an ideographic basis for the dissemination of
design knowledge.

The second key component deals with how well the design solves the problem. In
describing the quality criteria for the problem, the sociotechnical aspects of the
design solution must be recognized. Therefore, design requirements include mixed
objectives from technology, quality information, human interaction, and societal
needs. This is accompanied by acceptance criteria for evaluating potential design
solutions and guides designing both formative and summative evaluation methods.

Thus, positioning a DSR project in the problem-space establishes the situational
context and research goals of the project (i.e., quality criteria for design innovation)
[33]. The effective reuse of design knowledge for future research depends on how
well this problem-space can be transferred to the new research projects. The trans-
ferability of design knowledge provides information on how well new research
contexts and objectives adapt to the knowledge base. This context can be described
in terms of several dimensions, including domain, stakeholder, time, and place. Low
transferability of design knowledge in a project indicates a very specific context with
restrictive goals. In contrast, high transferability of design knowledge and more
general applications of it to problem domains would support—even within and/or
between different application domains. Legner et al. [29] found that knowledge

Development

Evalua�on

Applica�onUse

Proven solu�ons for
recurring problems

Fig. 2 Design pattern life cycle (based on [32])
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accumulation occurred incrementally as a result of maturing abstract and situational
domain knowledge (solution-space) and in response to evolving roles of data
(problem-space).

The design knowledge in solution-space comprises the knowledge for solving
related problems. It includes not only results but also activities of the DSR. Results
of DSR can take different forms, such as artifacts as well as design patterns or
theories. Artifacts should support replication and reuse by future research projects.
Design theories and principles help understand how and why artifacts meet the goals
of the problem-space.

However, knowledge in the solution-space may also relate to design processes
and the evaluation of activities to design, evaluate, and refine DSR results in iterative
cycles. Design activities include a search process to identify the best design candi-
dates from the solution-space. Information about goodness criteria from the
problem-space is used for value maximization while constrained by resource avail-
ability and applicability. For the reusability of design knowledge in the future, it is
important to refer to the fundamentals of design. This can be done through kernel
theories as well as by recording creative insights that have led to innovative design
improvements.

In the solution-space, the suitability of solutions varies depending on the selected
target problem. Design activities within a project can cover a larger part of the
problem-space than solutions from research. The more suitable a solution is, the
more operational it is for the users in the application. The degree of suitability refers
to the normative solution power. More unsuitable solutions may have a lower
normative force to guide problem-solving behavior. This makes the solution less
prescriptive compared to a manual. Thus, the lower the fitness of the solution, the
greater the effort required to apply the design knowledge to a new problem.

There is a trade-off between transferability and suitability of design knowledge.
Often, higher suitability implies more restriction to a particular context. In turn, a
less fit representation of design knowledge may support higher transferability.
Techniques for representing design knowledge that enables reusability need to be
developed. Exemplary of this is configurational configuration models or methods
that allow the tradeoff between the transferability and suitability of design knowl-
edge to be managed [5]. Using such techniques, design knowledge is represented for
alternative solution variants that fit in different contexts of the problem-space.

6 Design Patterns to Close Knowledge Gaps

Developers of novel technologies, such as AI-based smart personal assistants [34],
acquire design knowledge through experience, the training they have received, and
problems they have already solved, which they can use to solve problems that arise
in the future. Here, the amount of existing design knowledge in the person’s
problem/solution-space differs depending on the person’s wealth of experience
and the training they have received so far. According to Nonaka [8], the existing
design knowledge of a developer can be called tacit knowledge. This must be made
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available to others via externalization first and can be done either orally or in writing
through codification.

Design patterns externalize tacit design knowledge by codifying it for other
people and recording it in written form. With the help of the externalized design
knowledge, (design) problems can now be solved. While experienced developers
have access to a wealth of experience, inexperienced developers usually have
significantly fewer “best practices”. As a result, the solution-space also differs
depending on the level of experience. Due to their abstract representation, design
patterns do not offer a so-called recipe for problems to be solved but support the user
to find a suitable solution for the problem at hand by pointing out possible solution
approaches. Thus, a design pattern can be the solution for many problems.

The user of the design pattern is in the problem-space with the problem at hand
and searches for a suitable solution in the solution-space. It should be noted that for
numerous problems there is no single correct solution, but several solutions can
solve the problem satisfactorily. The design pattern provides the user with food for
thought about possible solutions, which expands the user’s solution-space and
allows him to search individually for a suitable solution.

According to vom Brocke et al. [5], patterns are a component of the design
knowledge base. They help to find suitable solutions for existing problems. By
providing information about the problem context, it helps to understand the problem
to be solved in detail and thus to find the truly appropriate solution. In addition to the
description of the problem, a core component of a pattern is the solution and an
associated description of the procedure for solving the problem. The elements described
so far contain information directly from the problem or solution-space. However, the
user is missing information that describes statements about effects of the implementa-
tion of the design pattern on the technology or helps him to select the right pattern.
These elements are located between the problem-space and the solution-space and can
be categorized as evaluation according to vomBrocke [5]. The user receives knowledge
from the design pattern, which describes why the practical implementation of the
pattern is necessary. A description of the target state after the successful implementation
of the pattern supports the user to select and understand the pattern.

A design pattern not only presents the solution, it also describes the problem to be
solved. Depending on the domain and application context, the pattern refers to the
requirements to be solved or the problem to be solved. As a result, a pattern
encompasses aspects of both the problem-space and the solution-space and links
the two domains into each other. This allows the user to draw a bridge between the
problem to be solved and the possible solution. While other approaches to knowl-
edge codification, such as wikis, cheat sheets, and design principles focus primarily
on the solution to the problem, design patterns bridge the two spaces. Additional
information such as user stories, consequences, or use cases supports users to
generate knowledge around the problem domain and thus changes the way they
search for solutions.
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7 Design Patterns and Their Relationship to Design
Principles

In IS research, design principles have been established in recent years as a proven
means of codifying design knowledge [35, 36]. Design principles provide users with
necessary information about the design of technologies in the shortest possible time.
In the DSR paradigm, design principles are often formulated together with design
requirements and represent concrete specifications for the design of the technology.
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The work from Kruse et al. [36] classified design principles into three categories:
a) action-oriented, b) materiality-oriented, and c) action and materiality-oriented.
Design patterns can also be classified into these categories [6], but they contain
further information that goes beyond these categories. This is because design
knowledge is generated and tested through the application and use of design
patterns. The codified design knowledge in design patterns goes beyond a mere
instruction to do something and offers an explanation of how to implement it. Design
patterns act as a bridge between design knowledge and the developed technology.
Compared to design principles, design patterns additionally present action-oriented
and material information. And exactly this content differs design patterns from
design principles. The purpose of design principles can be described as a rule or
behavioral standard [37] that gives precise instructions on how an artifact must be
built [38]. Design patterns, on the other hand, contain information that conveys to the
user the intention of why something must be implemented.

Figure 3 shows the exemplary design pattern “Processing Emotional Data”. The
design pattern contains elements such as target state, problem, effects, and solution,
which provide the user with extensive information. With the help of the abstract
solution approach in the pattern, a solution is searched for in the user’s solution
space for the problem that exists in practice. Another crucial feature is that design
patterns gain added value with increasing time and application. By repeatedly
establishing the solution presented, it is sharpened and must prove itself in a large
number of projects. Design principles, on the other hand, are usually developed with
a strong technology focus and are not updated over time.

8 Conclusion

In this paper, we show the specifics of design knowledge and the benefits of
codifying design knowledge. Especially, in case of practical useabal design solutions
approaches to codifing the knowledge may be needed. Thus, we demonstrate how
design knowledge is externalized through design patterns by using the SECI model
and Nonaka’s thoughts [1]. Our contribution is intended to contrast design patterns
with other approaches for codifying knowledge and work out its practical applica-
bility. Thus, we propose that design patterns may close knowledge gaps and provide
fruitful interactions between the problem-space and the solution-space.
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