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Part I: Introduction
In our professional career, both as practitioners and aca-
demics, we have seen and been involved in hundreds of design
projects in diverse disciplines. We needed to understand what
was going on, why some decisions have been made. We
learned a lot and decided to share some of these lessons. We
have taken an extra step to generalize these lessons and con-
nect them to existing knowledge. Themain result of this effort
is a framework that we hope will help you to understand a
broad range of design activities in our unpredictable world.

We, and many others, have experienced challenges of design,
namely that designers deal with fast-changing and over-
whelmingly rich reality, undetermined requirements, difficult
social conditions, lack of information, limited resources, and
time restrictions. Every designer is faced and challenged by
these circumstances. Design activities are characterized by
messy, dynamic, highly interdependent and mostly unpre-
dictable interactions among design situations, design out-
comes, and design resources¹. Design situations, design out-
comes and design resources are complex structures that are
not independent of each other. They are continuously chang-
ing, in significant part due to forces that are beyond designers’
control. Constant change and unpredictability are natural
characteristics of any design activity.

In this book, we explore the dynamics of design activities

¹We user terms design situations / design outcomes instead of design problems /
design solutions because we do not view design as a simple problem-solving activity.
We define a design resource in a broader sense, as tools, knowledge, processes, and
organizational structures designers rely on during design activities.
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and the complexity that these dynamics bring. The main
contribution of this book is a structured description of design
dynamics through patterns of dynamics. These patterns of
dynamics illustrate different ways of how designers deal with
ambiguity, uncertainty, and complexity when they attempt
to change the world. We also believe that these patterns are
universal to all design disciplines. Design disciplines may
differ in situations they address, the outcomes they create and
the resources they use. But the way how people deal with
ambiguity, uncertainty, and complexity when designing is
cross-disciplinary.

In our discussions, we address design in a broader sense, in
line with the Herbert Simon’s (1996) definition of design as
“courses of action aimed at changing existing situations into
preferred ones.” Due to our backgrounds and interests, we
limit our overview and examples, to some degree, to discus-
sions about complexity in software design and interaction
design. In particular, we are biased towards those contribu-
tions that base their claims in observations of design practice
(e.g., Brooks 1995; Glass 2006). However, we also provide
connections to more general design theory (e.g., Schon 1983;
Lawson 2005; Simon 1996).
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A. Analyzing Design Dynamics: A
Simple Model

Our main goal is to provide a novel view on why it is chal-
lenging to analyze, understand or explain the design process
and design activities.

To structure our discussion, we adopt a simple model. This
model provides a structure for analyzing dynamics of design
activities as a consequence of interactions among design sit-
uations, design outcomes and design resources. Our analytic
model views the dynamics of design activities as originating
from designers’ efforts to:

• understand and manage design situations (design prob-
lems),

• create design outcomes (design solutions), and
• understand and adequately use design resources (tools,
knowledge, methodologies, procedures, and organiza-
tional structures supporting designers during a design
activity).

Later in the book, we use our analytic model to structure
the description of the patterns of dynamics among design
situations, outcomes, and resources.
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Our analytic model for design dynamics: Design situations, design
outcomes, design resources and relations among them.

It is important to remember that the elements in our model
are abstract analytical concepts. In reality, these components
are not entirely separated. Nevertheless, the concepts of de-
sign situations, outcomes and resources are regularly used in
design literature. We believe that they are useful concepts to
structure our discussions.
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B. Why This Book?

With this book, we want to describe and provide a struc-
tured definition of the dynamics of design activities. We
believe that a more formal overview can help researchers and
practitioners to understand better some of the experiences
designers are going through while designing. We also think
that in the education of designers it is useful to picture design
dynamics, and resulting complexity, as an essential part of
design activities. Such design complexity has to be accepted
and dealt with rather than treated as a problem to avoid.
We believe that a more structured understanding of design
dynamics can facilitate such education.

Lots of previous work has addressed individual elements
of design activities, such as inherent complexity of design
outcomes or systems (e.g., Simon 1996, Booch 2008, Mens
2012), or design tools. However, complex and dynamic inter-
dependencies of elements of design activities have received
relatively little attention. With this book, we focus on these
interdependencies. We believe that they are primary sources
of complexity characteristic for design activities. In other
words, while design situations, outcomes, and resources are
themselves complex structures, what makes a design activity
additionally and characteristically complex are interactions
among these structures. Such interactions challenge design-
ers’ ability to deal with complexity as the structures are
unstable and subject to unpredictable change.

Our ambition is to provide a novel and more structured
view of design dynamics. However, we do not aim at in-
troducing a new theory about design, nor are the topics
we discuss entirely new (e.g., Stolterman 2008). Instead, we
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are re-examining existing work on design from a new and
partially different point of view.We are also bringing together
some related but previously unconnected pieces of literature.
We have found similarities in the works of authors from
different domains. But we have also noticed that most authors
do not reference authors outside of their field of study. We
believe that there is a value in connecting the contributions
from different areas. By creating such connections, we hope
to create a helpful overview for design practitioners and
researchers interested to further study this subject.

The motivation for our work builds on the ideal sketched
by Herbert Simon (1996) in The Sciences of the Artificial.
Simon argued that all design disciplines are fundamentally
similar, and that design professionals from diverse disciplines
should be able to carry on mutually rewarding conversations
about the content of each other’s professional work (page
137). Another source of inspiration for our work comes from
Fred Brooks (2010), who similarly noted that design pro-
cesses in different media are strikingly alike. Reflecting on
his experiences in designing in five media (computer archi-
tecture, software, houses, books, and organizations), Brooks
elaborated that the mental processes, the human interactions,
the iterations, the constraints, the labor - all have significant
similarities (page xii). Patters on design dynamics are our
attempt to support these views and create a cross-disciplinary
overview of the dynamics of design processes.
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C. Who Should Read This Book?

Our book is intended to be readable and useful for anyone
who designs or is interested in design in a broader sense.
That includes all types of designers and architects, but also
other people that do not have such titles but are creating
an intentional change in our unpredictable world (Nelson &
Stolterman 2012).

We think that our book can help design researchers and
students, as it makes a structured summary of and creates
connections among diverse design disciplines.

We also think that patterns of design activities do have a
practical value. The patterns can be used both as an analytic
tool and as a management tool. As an analytic tool, patterns
provide a structure and vocabulary to describe and communi-
cate what is going on in design activities. Having a common
structure and vocabulary also enables comparison and cor-
relation of different design activities. As a management tool,
our patterns offer hints on when, why and how to stimulate
desired (or prevent undesired) dynamics in design activities.
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D. The Structure of the Book

The rest of this book is organized as follows.

In Part II, we describe patterns of dynamics in detail. We
argue that the dynamics of design activities are emerging
from elaborate and not entirely known interactions among
the elements of design activities. With examples, we illustrate
that dynamics between design situations, design outcomes
and design resources are diverse and bidirectional.

In Part III, we discuss sources of interactions among the
elements of design activities. We address the moving target
problem, learning, creativity, tacit knowledge, social dynam-
ics, as well as the lack of robust theories and underlying
principles. Here we also discuss how are these aspects related
to the patterns of dynamics.

We conclude the book with a discussion.
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F. About the Cover

The cover shows an extratropical cyclone² near Iceland on
September 4, 2003. We selected this image as it symbolizes
the central concept of this book - the dynamics of design
activities. A cyclone is a complex, dynamic, and partially
unpredictable phenomenon. Still, as with design dynamics, it
is not an entirely chaotic phenomenon, as some patterns are
visible.

²https://en.wikipedia.org/wiki/Cyclone

https://en.wikipedia.org/wiki/Cyclone
https://en.wikipedia.org/wiki/Cyclone


Part II: Patterns of
Dynamics

“The real power of patterns is not to hand us exotic solutions,
but to give us a way to remember the simple, ordinary, basic
solutions that we know but forget”. Rising 2010

In this part of our notes, we discuss our central thesis. Namely,
that design activities are characterized by inherent instability
- complex and dynamic relations among design situations,
design outcomes and design resources. We believe that these
active ties are primary sources of complexity characteristic
for design activities. As mentioned in the introduction, while
design situations, outcomes, and resources are themselves
complex structures, what makes a design activity additionally
and characteristically complex are relations among these
structures. Dynamics of these relations challenge designers’
ability to deal with complexity as any of the structures are
subject to change, in a difficult to predict ways.

We want to achieve two goals. Firstly, we want to show
that, in design, it makes no sense to treat design situations,
design outcomes and design resources as stable elements and
in isolation of each other. Furthermore, we want to challenge
the conventional idea that the design process moves from
a problem to a solution linearly and causally. Instead, the
dynamics of the network connecting design situations, design
outcomes, and design resources are highly diverse. Of course,
there already exists a significant diversity in how design
literature describes these dynamics. However, we still find it
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necessary to contribute to this ongoing debate by providing
another perspective and hopefully useful, more structured
model.

Secondly, we want to show that regardless of the seeming
arbitrariness of interactions between design situations, out-
comes, and resources, it is still possible to constructively
portray, investigate and discuss such dynamics. In other
words, we want to argue that in many cases these dynamics
show signs of “organized complexity,” where we may observe
some patterns. As a mean to achieve this goal, we intro-
duce a concept of patterns of dynamics between elements
of design activities. A pattern is a recurring arrangement of
interactions among elements of design activities. By studying
contemporary design literature, we have found several com-
mon patterns of these dynamics. It is important to note that
these patterns are primarily conceptual tools. The purpose
of patterns is to support analytic and reflective thinking
for practical purposes and not to serve as strict scientific
definitions of existing elements.

The patterns of dynamics illustrate how people deal with
ambiguity, uncertainty, and complexity when they attempt
to change the world. As such, these patterns are universal to
all design disciplines. Design disciplines may differ in which
situations they address, which outcomes they create and
which resources they use. But the way how people deal with
ambiguity, uncertainty, and complexity is cross-disciplinary.
Consequently, we have found examples of all patterns of
dynamics in all of the design disciplines we analyzed.

With eleven patterns, we provide an initial categorization
and description of dynamics that we have identified between
design situations, outcomes, and resources. We are aware that
it is not possible to capture all patterns that may occur in
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design processes. By examining findings from contemporary
seminal design research, we abstracted some core patterns
into a format that can support discussions about design com-
plexity.

None of the described patterns is universally good or bad.
Each pattern may be desirable in one situation, and undesir-
able in another. Patterns may be a consequence of a conscious
effort to create particular design dynamics, or they may occur
accidentally.

For convenience and clarity, we describe each pattern of
dynamics with the same format:

• a brief descriptive name,
• a “motto,”
• optional alternative names,
• a summary,
• a short list of topics related to the pattern,
• a brief description of when the pattern is desirable and
undesirable, and

• a more detailed discussion based on examples from the
design literature.

We structured our review of patterns, based on our model,
around three “axis” of relations between “elements” of design
activities:

• dynamics between design situations and outcomes,
• dynamics between design outcomes and resources,
• dynamics between design situations and resources.
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Each pattern may be viewed as the description of dynamics
that shape design decisions during design activities. In any de-
sign activity, designers make many choices, trying to answer
the following questions (Obrenovic 2008):

• How will the design process advance?
• What needs and opportunities will the design address?
• What form will the resulting outcome take?

Our patterns describe dynamics that influence decisions that
designers make when trying to answer these questions. When
we look at the result of some design activity, with hindsight,
we usually can describe what the design outcome is, how it
has changed the original design situation, and what design
resources have been used. However, a route to the design re-
sult may be very complicated, and with very diverse starting
points. As we will illustrate with our patterns, sometimes,
we may start with a problematic situation that we want to
improve. Sometimes wemay not have a problem to solve but a
technology that people suddenly start to use. And sometimes
the sheer availability of some design resource may be the
primary driver of change. And frequently, multiple of these
patterns of dynamics will co-occur.
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A. Patterns of Dynamics Between
Design Situations and Design

Outcomes

The dynamics between of a design situation and a design
outcome seem to be the most extensive in any design activity.
In the design literature, we have found several common
and often interconnected views on dynamics of this relation,
which we describe in the following five patterns:

• Co-Evolution of Problem-Solution,
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• Puzzle Solving,
• A Solution Looking for a Problem,
• Pandora’s Box, and
• The Force Awakens.
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Co-Evolution of Problem-Solution

Motto: “If you want to change something, you need to un-
derstand it, if you want to understand something you need to
change it.” (Gravemeijer and Cobb 2006)

Summary: A design situation and designer’s understand-
ing of the design situation (problem definition) changes and
evolves in parallel and under the influence of design outcome
and designer’s understating of potential design outcomes
(design solutions).

Alternative names: Problem–Solution Flux.

Topics: problems solving, problem setting, prototyping, itera-
tive development, agile software development, reinventing the
wheel

Desirable: In most complex real-world situations and new
domains, as this pattern facilitates learning, stimulates com-
munication among stakeholders, and minimizes the risk of
failure.

Undesirable: In well-known domains, where it may lead to
the “reinventing-the-wheel” and “not-invented-here³” anti-
patterns.

Design authors generally agree that design situations are
never clearly defined problems. Instead, the model commonly
used is that of a co-evolution (Dorst & Cross 2001). In this
model designers’ understanding of what the actual problem
is evolving together with their attempts to create a solution.

³https://en.wikipedia.org/wiki/Not_invented_here

https://en.wikipedia.org/wiki/Not_invented_here
https://en.wikipedia.org/wiki/Not_invented_here
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Donald Schön (1983) was among first to argue that design is
not a straightforward problem-solving activity. He elaborated
that real-world problems do not present themselves to prac-
titioners as givens (page 40). Instead, problem understanding
must be constructed from the materials of problematic situ-
ations, which are puzzling, troubling, and uncertain⁴. Practi-
tioners must make sense of unclear descriptions of situations
that initially makes no sense. Schön emphasized that in design
practice, problem setting is as crucial as problem solving.

Design authors also emphasize that a design situation cannot
be fully understood unless some attempts have been made to
change or improve the situation. Bryan Lawson, for example,
claimed that many components of a design problem could
not be expected to emerge until some attempt has been made
at generating solutions (Lawson 2005: p 120). He argued that
design situations are often full of uncertainties when it comes
to the objectives and their priorities. These goals and priorities
are likely to change during the design process as the solution
implications begin to emerge. Lawson concluded that we
should not expect a comprehensive and static formulation of
design problems. Instead, we should see design problems as
in dynamic tension with design solutions.

Herbert Simon (1996) stated that a goal of design might be
to understand the problem and to generate new goals. He
elaborated that the idea of final goals and a static problem
definition is inconsistent with our limited ability to foretell
or determine the future (page 162). Simon claimed that by
designing without a fixation on final goals, and by adopting

⁴Rittel and Webber (1973), for instance, claimed that real-world problems are
“wicked” problems, were a problem cannot be defined until a solution has been found.
Such problems are also sometimes called ill-structured (Reitman 1965; Simon 1973) or
complex (Funke 1991). For readers interested in discussion onwicked problems in design,
we recommend Buchanan 1992, Coyne’s (2005) and Farrell & Hooker’s (2013).
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the stance to welcome new, emergent and originally unin-
tended goals, design becomes a powerful tool for discovering
new previously unforeseen goals (Chua 2015). As an example,
Simon used an extensive renewal program in the city of
Pittsburgh, where a principal goal was rebuilding the center
of the town, the so-called Golden Triangle. Simon noted that
the main consequence of the initial step of redevelopment
was to demonstrate the possibility of creating an attractive
and functional central city on this site. This demonstration
was followed by subsequent construction activities that have
changed the whole face of the city and the attitudes of
its inhabitants. Each step of implementation created a new
situation. The new situation provided a starting point for fresh
design activity (Simon 1996, page 162).

Fred Brooks noted that it is impossible for a client to specify
completely, precisely, and correctly the exact requirements of
a software product before trying some versions of the product
(Brooks 1995). Brooks claimed that the most challenging part
of software design is deciding what to build. He went further
to argue that a core service offered by a designer is not only
providing a solution but helping clients to discover what they
want (Brooks 2010, page 23). Empirical studies of software
projects confirm these observations, as inadequately defined
system requirements are among leading causes of software
project failures (Charette 2005).

Classical design practices, such as sketching and prototyping,
are mechanisms that stimulate co-evolution of solutions and
problems (see Buxton 2007). Schön and Wiggins (1992), using
the example of an architect, described that architect use
sketching to engage in the “seeing-moving-seeing” sequence.
This sequence consists of creating a drawing to represent
an initial idea, observing a drawing, discovering “certain
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unintended consequences,” and reacting to this discovery by
further transforming the drawing⁵ (page 139). With sketching,
designers can, in relatively short time and with low costs,
significantly improve their understanding of a design problem
and possible design solutions (Obrenovic 2013).

In modern software development, a co-evolution is the pri-
mary pattern of dynamics behind the agile software devel-
opment⁶ movement, nowadays a mainstream software de-
velopment methodology. Agile software development pro-
motes iterative and incremental development, using contin-
uous feedback to refine and deliver a software system. One
of the central values behind agile software development is
responding to change over following a plan. This approach
makes explicit the expectation that requirements (problem
definition) cannot be fully known in advance, and will change
during the project.

Because it stimulates learning and exploration, the co-evolution
of problem-solution pattern is particularly useful in new do-
mains, for which there are little known and documented expe-
riences. The co-evolution of problem-solution, however, may
be an anti-pattern when applied in well-known areas, where
it may lead to the “reinventing-the-wheel” and “not-invented-
here” anti-patterns (e.g., see Obrenovic 2017). In well-known
domains, there usually are lots of documented experiences
and best practices, and there are often standard solutions
that can be reused. For example, for most organizations,
it is costly and time-consuming to implement their custom
solutions for tasks such as human resources management
or communication (email, messaging). Typically, it is much

⁵Goldschmidt (1991) further articulated this process, making a distinction between
seeing-as and seeing-that moves in a “dialectics of sketching.”

⁶https://www.agilealliance.org/agile101/

https://www.agilealliance.org/agile101/
https://www.agilealliance.org/agile101/
https://www.agilealliance.org/agile101/
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easier and more cost-effective to adapt the organizational
process to use standard off-the-shelf software solutions for
these tasks.

The co-evolution of problem-solution pattern may be con-
nected to the puzzle solving pattern. There it may occur
during co-evolution of problem-solution as a way to find
answers to specific well-scoped questions. The co-evolution
of problem-solution pattern may also be related to the design-
by-buzzword pattern. There it may occur as a way to develop
a better understanding of useful applications for new design
resources.

Questions to Consider

• Do you continuously investigate, experi-
ment, and iteratively refine your designs?

• How do you resolve uncertainties about
design objectives and their priorities?

• Do you use sketching and prototyping ex-
tensively?

• How do you estimate and plan projects
with the co-evolution pattern?

• How do you decide to design something
new versus buying it off-the-shelf?

• Are you reinventing the wheel by co-
evolving solutions for well-defined prob-
lems with off-the-shelf solutions?

• Are you guilty of the not-invented-here
syndrome, routinely building yourself
things for any issue you face?

• Have you ever used the off-the-shelf so-
lution that was not appropriate for your
domain? What issues have you faced?



Part II: Patterns of Dynamics 22

Pittsburg’s Golden Triangle. In the 1950s, an extensive renewal program
began in the city of Pittsburgh, with a principal goal of rebuild the
center of the town, the so-called Golden Triangle. Credit: U.S. National
Archives and Records Administration / Wikimedia Commons.
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Puzzle Solving

Motto: “A problem well put is half solved.” (John Dewey, The
Pattern of Inquiry)

Summary: A design situation is viewed as a clearly defined
and static problem (i.e., a problem that can be clearly stated
and where it is known what form the solution should have). A
design outcome is seen as a solution for this problem. Design
is viewed as a problem-solving activity.

Topics: problem-solving, the puzzle trap, education, well-
scoped design sub-tasks, test-driven development

Desirable: In education, as well as in a limited number of
practical cases for well-scoped design sub-tasks.

Undesirable: In most real-world situations, because few de-
sign problems are fully understood before the start of design
activity.

The puzzle solving patterns views design as a problem-solving
activity, an activity that leads to a solution for a precisely
defined existing problem.

This pattern is of limited use in design practice because
very few of design problems are fully understood before a
design activity starts (see Section Co-Evolution of Problem-
Solution). Lawson even called such view on design “the puzzle
trap” (Lawson 2005, page 221). Norman (2010) similarly ex-
plained that interactions design is sometimes naively viewed
as a problem-solving activity. In such naïve view, interaction
designers are capturing and understanding the hidden unmet
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needs of potential users/customers. The intention of designers
is then to design an outcome that fulfills those requirements.
Norman noted that this view, however, does not reflect the
everyday practice of interaction designers.

The puzzle solving pattern has its value in a limited number
of practical cases. A designer can approach some of the design
sub-tasks as problem-solving activities. Design of computing
algorithms, for example, can be viewed as an occurrence
of the puzzle solving pattern. Here, the goal is to find an
efficient algorithmic solution for a precisely defined comput-
ing problem⁷. In software design, test-driven development⁸
(TDD) promotes an approach to designing and programming
of software systems through series of mini problem-solving
activities. In a TDD approach, a developer should write every
line of new code in response to a test the developer writes
just before coding (Melnik & Jeffries 2007). Creating such
tests may be seen as an attempt to define a problem (problem
setting). And writing new code may be seen as an attempt to
find and implement a solution that is good enough to pass the
test.

Teachers can also use the puzzle solving pattern in education,
where problems can be artificially clearly defined so that
students can focus on developing a particular design tech-
nique. For example, it is a common practice to teach computer
programming through exercises where students need to de-

⁷Design of algorithms, however, is only a small part of the software design,
and designing whole systems requires a different approach. Butler Lampson nicely
described this issue in his article on system design Lampson (1984). Lampson argued that
designing a computer system is very different from developing an algorithm because the
requirements are less precisely defined, more complex, and more subject to change. The
measure of success is much less clear. And the designer usually finds himself in “a sea
of possibilities,” where it is not clear how one choice will limit his freedom to take other
decisions or affect the size and performance of the entire system.

⁸https://en.wikipedia.org/wiki/Test-driven_development

https://en.wikipedia.org/wiki/Test-driven_development
https://en.wikipedia.org/wiki/Test-driven_development
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sign an algorithm for an explicitly defined problem (such as
calculating the number of days between two dates). Similarly,
Bill Buxton (2007) promoted an approach to interaction design
education based on copying the classics, drawing a parallel
with the traditional art education. In traditional art education,
drawing antiquities (a clearly defined problem), is often used
to lay the foundation for building up the student’s skills. In
such exercises, students are not overwhelmed by trying to
deal with issues such as thinking about an appropriate subject
or composition (problem setting). Instead, they can focus on
learning how to master the pencil, a prerequisite to high art.

The puzzle solving pattern may be present within the co-
evolution of problem-solution pattern, as a way to find an-
swers to specific well-scoped questions.

Questions to Consider

• In your design activities, do you have lots
of well-defined design sub-tasks, such as
algorithm implementation?

• Do you use a problem-solving approach for
skills development in education and train-
ing?

• Have you ever attempted to solve a problem
only to realize that the problem is not well
defined?

• Have you ever successfully “solved” the
wrong problem?

• Have you ever created an unnecessarily
complicated solution because you had not
well understood the problem?
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A jigsaw puzzle. Solving problems, such as puzzles, is often seen as an
anti-pattern in design butmay have the value in education. Credit: MeHe
/ pixabay.
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A Solution Looking for a Problem

Motto: “When humans possess a tool, they excel at finding
new uses for it.” (Nye 2006)

Summary: Understanding of a design outcome and its pos-
sibilities leads to innovative usages of the design outcome in
situations and for problems that were not initially envisioned.

Topics: novelty, creativity, curiosity, unordinary usages of
ordinary things, early adopters, bitcoin, and blockchain

Desirable: As an innovation strategy, when an organization
wants to be an early adopter of emerging technology and
where the organization can afford associated risks.

Undesirable: Inmost other situations as it requires significant
investments without tangible benefits.

In this section we address examples of design activities where
there was a significant investment in the development of a
design “solution,” but without clear idea (or with the wrong
idea) about the problem that such “solution” should solve.

The solution looking for a problem pattern may lead to suc-
cessful results because people often find new uses for existing
things. David Nye (2006) noted that when humans possess a
tool, they excel at finding new applications for it. He argued
that necessity is often not the mother of invention and that
in many cases the opposite was the case (page 2). The tool
usually exists before the problem to be solved. Nye concluded
that latent in every tool is unforeseen transformation. Fred
Brooks similarly noted that as a software product is found to
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be useful, people try it in new cases at the edge of, or beyond,
the original domain (Brooks 1995, page 12).

Norman explored this issue as well, claiming that many
major innovations came from technologists who had little
understanding of the problem domain (Norman 2010). He
stated that this is true for almost all of the outstanding inven-
tions that have changed society: the airplane, the automobile,
the telephone, the radio, the television, the computer, the
personal computer, the internet, SMS text messaging, and
the cellphone. Norman claimed that with these inventions
the technology came first, the products second, and then the
needs slowly appeared. New applications are first considered
to be luxuries, after a while they become “needs,” and finally,
they may end up being seen as essential. In his prior work,
Norman (2008) similarly explored how unordinary usages of
ordinary products may lead to new requirements and new
products. Norman provided an example of Nokia’s designers.
They added a penlight to some of their phones after visiting
China where they noticed that people were using displays of
their mobile phones as a source of light.

Nowadays, bitcoin and blockchain⁹ are examples of tech-
nologies that some see as solutions looking for a problem¹⁰.
Blockchain opens a range of new possibilities for businesses in
which value needs to be directly transferred between partici-
pants over the Internet without intermediaries or centralized
points of control (Aste et al. 2017). While proponents argue
that the blockchain technology has enormous potential, prac-
tical applications of blockchain were limited. The blockchain

⁹Blockchain is a technology that uses community validation to keep synchronized
the content of ledgers replicated across multiple users. While blockchain derives its
origins from techniques introduced decades ago, it has gained popularity with Bitcoin.

¹⁰https://qz.com/844507/bitcoin-and-blockchain-seem-more-and-more-like-
solutions-looking-for-a-problem/

https://qz.com/844507/bitcoin-and-blockchain-seem-more-and-more-like-solutions-looking-for-a-problem/
https://qz.com/844507/bitcoin-and-blockchain-seem-more-and-more-like-solutions-looking-for-a-problem/
https://qz.com/844507/bitcoin-and-blockchain-seem-more-and-more-like-solutions-looking-for-a-problem/
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technology is still looking for more practical problems to
solve.

A solution looking for a problem requires typically significant
investments without tangible benefits. This approach is usu-
ally an anti-pattern, especially for smaller organizations that
invested most of their resources in the development of such
solutions. The analysis of Forbes¹¹, for instance, discovered
that 42% of unsuccessful startups had failed due to the lack of
marketing need for “solutions” they offered.

While the solution looking for a problem pattern introduces
significant risks, it may be a successful innovation strategy.
Being an early adopter of some technology may be a crucial
competitive advantage. Waiting to invest in the technology
after its value has been demonstrated on the market may be
too late. Consequently, organizations are investing in the de-
velopment of innovative solutions, not because of immediate
marketing needs, but to be in a good starting position if such
marketing needs appear.

The solution looking for a problem pattern is related to the
co-evolution of problem-solution pattern. Once a new usage
of a design “solution” emerges in a new situation, this new
situation may start to influence further evolution of the
original “solution.”

¹¹https://www.forbes.com/sites/groupthink/2016/03/02/top-20-reasons-why-
startups-fail-infographic/

https://www.forbes.com/sites/groupthink/2016/03/02/top-20-reasons-why-startups-fail-infographic/
https://www.forbes.com/sites/groupthink/2016/03/02/top-20-reasons-why-startups-fail-infographic/
https://www.forbes.com/sites/groupthink/2016/03/02/top-20-reasons-why-startups-fail-infographic/
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Questions to Consider

• Have you ever designed something just for
fun?

• Do you reserve time for experimentation
and exploration of new technologies and
methods?

• Do you experiment with new technologies
and practices even if you do not have a
business case nor a clear idea about its
usefulness?

• Do you experiment with new technologies
enough to get an opinion about them?

• Are you always playing it safe, using only
well-proven technologies and methods?
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A DynaTAC 8000X (first commercially available mobile phone from
1984). Martin Cooper of Motorola made the first publicized handheld
mobile phone call on a prototype DynaTAC model on April 3, 1973.
Credit: Hinman, Rachel. 2012. The Mobile Frontier. New York: Rosenfeld
Media. / Flickr / CC-BY-2.0
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Pandora’s Box¹²

Motto: “Everything we design has the potential not only to
solve problems but also to create new ones.” (Lawson 2005)

Summary: The consequences of a design outcome create new
situations that are perceived as problematic and may ask for
another design to improve it. A design outcome may become
more known for the problems it caused than for the solution
it provided.

Alternative name: Problematic Solution, Collateral Damage.

Topics: unexpected and undesired effects, innovative domains,
expectation management, the year 2000 problem

Desirable: In a limited number of real-world situations, when
a goal is to stimulate further development of some solution
without immediately benefiting from it.

Undesirable: In most other real-world situations.

Any design outcome may, in good faith, introduce unex-
pected and undesired effects. Design literature provides nu-
merous examples of designers having to deal with issues of
unintended consequences of their designs (e.g. Janlert and
Stolterman 2008). Lawson nicely illustrated this issue on an
example of a motorcar:

“Design solutions are not panaceas and most usually have
some undesirable effects as well as the intended good ef-
fects. The modern motor car is a wonderfully sophisticated

¹²Pandora’s box is an artifact in Greek mythology, taken from the myth of Pandora
in Hesiod’s Works and Days. In modern times an idiom has grown from it meaning
“Any source of great and unexpected troubles”, or alternatively “A present which seems
valuable but which in reality is a curse”. https://en.wikipedia.org/wiki/Pandora’s_box
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design solution to the problem of personal transportation in a
world which requires people to be very mobile over short and
medium distances on an unpredictable basis. However, when
that solution is applied to the whole population and is used
by them even for the predictable journeys, we find ourselves
designing roads, which tear apart our cities and rural areas.
The pollution which results have become a problem in its own
right, but even the car is now beginning not to work well as it
sits in traffic jams! This is a very dramatic illustration of the
basic principle that everything we design has the potential not
only to solve problems but also to create new ones!” (Lawson
2005: p 122)
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Traffic Jam in Maputo. A car is an excellent design solution to the
problem of personal transportation, but when applied to the whole
population it creates other problems, such as traffic jams. Credit: A
Verdade / Wikimedia Commons / CC-BY 2.0.

In software design, one of the most prominent examples of
problems caused by previous design solutions was the “the
year 2000 (Y2K) problem” (e.g. Neumann and McCullagh
1999; Berghel 1999; Pescio 1997). A shortcut taken by early
software designers cause this problem. To conserve memory
space, early software designers used a solution that recorded
the year using the last two digits rather than four. Computers
using this system would then recognize the year 2000 as
the year 1900 instead, potentially causing severe problems in
many sectors. It was estimated that costs of fixing the Y2K
problem exceeded $3 trillion worldwide (Brown et al. 2000).

Spam is another example of problems created by the success
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of messaging and social media technologies, such as email,
SMS, Twitter, and Facebook. Spam misuse the ease and low
price of sending messages (a solution) to distribute huge
volumes of messages that propagate malware, disseminate
phishing exploits, and advertise illegal products. Spam mes-
sages generate significant costs for users and network oper-
ators (Fonseca et al. 2016). Furthermore, spam has required
significant investments in spam detection and prevention
tools, which are now core tools of any messaging platform.

The pandora’s box pattern is a consequence of designers’
inability to predict all effects of design outcomes. Unexpected
and undesired effects of design outcomes are more likely
to appear in more innovative domains. Sometimes this is
a consequence of attempts to speed up a design process,
leaving insufficient time for exploration and learning (the
co-evolution of problem-solution pattern). For instance, con-
struction of the Sydney Opera House, due political pres-
sures, started too early, before final designs were completed.
This forced early start led to significant later problems. For
instance, constructors discovered that the podium columns
were not strong enough to support the roof structure, and had
to be re-built (Murray 2004). Due to a number unexpected
and unintended effects, the Sydney Opera House project was
completed ten years late and with the 1,357% over-budget.

If people will perceive a design outcome as problematic is
also a function of their expectations. Marketing and other
expectation management techniques may have a significant
impact on how people will accept the design outcome. Don
Norman, in his talk at Main Event in 2004¹³, said that expec-
tations are connected to hope, fear, satisfaction, and anger.
Norman elaborated that delivering on positive expectations

¹³https://mprove.de/script/04/nng/expectationdesign.html

https://mprove.de/script/04/nng/expectationdesign.html
https://mprove.de/script/04/nng/expectationdesign.html
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leads to people experiencing pleasure. But failure to deliver
on positive expectations may result in negative emotions and
perception of a product as problematic.

The pandora’s box pattern is related to the force awakens pat-
tern, as both are a consequence of unexpected and undesirable
effects of design decisions.

Questions to Consider

• How do you manage the risk of encounter-
ing unforeseen issues?

• How do you react when unexpected issues
occur? Do you have a process for it?

• Have you ever designed something that has
caused significant unforeseen problems?

• Have you ever regretted starting your de-
sign activity because of these unforeseen
problems?
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The Force Awakens

Motto: “How can something seem so plausible at the time and
so idiotic in retrospect?” (Bill Watterson, Calvin, and Hobbes)

Summary: Designer’s efforts to address some situation trig-
gers reactions that radically change the original design situa-
tion. Often such reactions make the intended design outcome
or a contribution of a designer obsolete or irrelevant. Such re-
sponses would typically not occur without the design activity.

Alternative names: Boomerang, Ricochet, Own Goal, Shoot
Oneself in the Foot.

Topics: social and political issues, mass market, competition,
IBM PC, vaporware, one laptop per child (OLPC) project

Desirable: In a limited number of real-world situations, when
a goal is to stimulate further development of some solution
without benefiting from it.

Undesirable: In most other real-world situations.

The force awakens pattern described dynamics of design ac-
tivities in which designers’ efforts to create a design outcome
lead to radical changes of the original design situation. Often
such change can make intended design outcomes unsuccess-
ful, obsolete or irrelevant. This type of patterns of dynamics
can be very elaborate if the design enters the mass market or
can have a significant influence on the society.

An example of the force awakens pattern is the “one laptop per
child” (OLPC) project (Kraemer et al. 2009). The OLPC project
created a novel technology, the XO laptop, developed with



Part II: Patterns of Dynamics 38

close attention to the needs of students in poor rural areas.
The plan failed to reach many of its original goals, in huge
part due to the aggressive reaction of the PC industry. The
PC industry perceived the OLPC project as a threat of a $100
laptop distributed in emerging markets (Kraemer et al. 2009).
Soon after the OLPC project started, the PC industry began
to introduce their educational computers with low prices.
This reaction of the PC industry would not occur without the
OLPC project. And OLPC project probably would not start or
would have different goals, if therewere available educational
PCs with low price.

A similar story is the development of the IBM PC (Goth 2011).
IBM underestimated the influence that PC would have for
their future. On the one hand, the introduction of the PC
changed the market and led to less demand for IBM main-
frame computers. IBM led the PC market in the beginning.
But as the IBM PC market grew, IBM’s influence diminished.
In November 1985 PC Magazine stated “Now that it has
created the [PC] market, the market doesn’t necessarily need
IBM for the machines”. The IBM management was also not
able to predict the impact of their design, as reported by Greg
Goth:

“And management said, ‘Okay, fine. It won’t hurt anything.
It’s not going to mess up our business. You’re not trying to
replace us. You have 10 or 12 people. When you find it’s really
not much of anything, you’ll come back, and we’ll do real
computing.’ That was the attitude. They weren’t afraid. They
thought it would be, maybe, interesting. It might actually be a
follow-on to Displaywriter and Datamaster. We’d sell maybe
100,000 or 200,000 units, and then we’d keep doing computing
as we had always done it. So that’s why they left us alone. We
were off the radar.” (Goth 2011, page 26)
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The force awakens pattern may also occur even before any
observable design activity has started. A decision to work
on some design situation may cause some reactions that
may change that situation. Lawson noted that once a design
situation has been identified, it is no longer possible to avoid
deciding on a design outcome (Lawson 2005, page 115). He
elaborated that in many real-life design situations it is not
possible to take no action because the very process of avoiding
or delaying a decision has an effect. For example, if a new
road is planned, but the route remains under debate for a
lengthy period, the property in the region of the various
paths will likely change the value. Lawson concluded that
procrastination as a strategy in design is deeply flawed.

In software design a similar effect we may find in “vapor-
ware”¹⁴. Vaporware is a practice of announcing a product
that does not exist to gain a competitive advantage and keep
customers from switching to competing products (e.g. Heiko
2004; Richard 1995). Announcements of the competitors may
seriously harm designers’ intention to address a particular
situation. Such, often very simple announcements, may radi-
cally change the market and clients’ expectations. Vaporware
is another example of the force awakens pattern, as here a
design activity triggers forces that are significantly changing
the design situation and are undermining the design effort.
Again, these forces would not be “awakened” without the
design activity.

The force awakens pattern is connected to the pandora’s box
pattern, as both of these patterns describe dynamics that are a
consequence of unexpected and undesirable effects of design
decisions. The force awakens patternmay lead to the solution
looking for a problem pattern. A failure to create an outcome

¹⁴https://en.wikipedia.org/wiki/Vaporware

https://en.wikipedia.org/wiki/Vaporware
https://en.wikipedia.org/wiki/Vaporware
https://en.wikipedia.org/wiki/Vaporware
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in one design situation may lead to usage of a (part of) design
outcome in another situation.

Questions to Consider

• How do you analyze the market and re-
spond to changes in it?

• How do you anticipate the reaction of com-
petition to your design efforts?

• Have your design efforts ever cased other
players (e.g., competition) to react strongly
against your activities?

• Have you ever responded strongly to the
design efforts of others?

• Have you ever experienced the effect va-
porware, a practice of announcing a prod-
uct that does not exist to gain a compet-
itive advantage and keep customers from
switching to competing products?
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IBM Personal Computer, 1981. IBM introduction of PC changed the
market and led to less demand for IBM mainframe computers. Credit:
Wikimedia Commons.



Part II: Patterns of Dynamics 42

The U.S. Justice Department accused IBM of intentionally announcing
its System/360 Model 91 computer (pictured) three years early to hurt
sales of its competitor’s computer. Credit: Wikimedia Commons.
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B. Patterns of Dynamics Between
Design Outcomes and Resources

Similar to the dynamics between design situations and out-
comes, the dynamics between design outcomes and design
resources are in design literature described as sophisticated
and bidirectional. The way how designers set the design
process when it comes to steps, phases, and activities has
direct consequences on what they can design. On the other
hand, design outcome may also influence design resources.
We discuss the following patterns of dynamics:



Part II: Patterns of Dynamics 44

• Your Design Is Your Reflection,
• You Are a Reflection of Your Design, and
• Design-by-Buzzword.
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Your Design Is Your Reflection

Motto: “Every contact leaves a trace.” (Edmond Locard)

Summary: Design resources, as well as the way how working
with these resources is organized, are leaving a characteristic
signature on a design outcome. It is often possible to guess,
from the design outcome, which design resources designers
used, and how the working with the resources was organized.

Alternative names: Resource Signature, Design Style.

Topics: constraints, consistency, templates, frameworks, convention-
over-configuration, Conway’s Law

Desirable: In situations where consistency among design
outcomes is essential.

Undesirable: In complex real-world situations and in new
domains where it may lead to unnecessary limited or complex
solutions.

The characteristics of design resources directly influence the
design outcome’s form and possibilities. This influence can
happen at all levels, from simple design tools to complex
organizational structures. Selection of design materials, for
instance, leaves a clear signature on a design outcome. But all
design resources, including tools, methods and organizational
structures supporting a design activity may leave a typical
signature on a design outcome.

The following table illustrates levels at which this patternmay
occur.
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Level Examples
Technology and tools Templates, material

characteristics or default
tool settings drive the
shape of outcome

Individual designers Designer’s style, skills
and preferences drive the
shape of outcome

Team and organization Team organization and
communication
structures drive the
shape of outcome
(Conway’s law)

At the tool level, the your design is your reflection pattern is
a consequence of possibilities and limitations of used design
tools. Design tools empower designers but at the same time,
they may constraint designers’ actions. These restrictions
often leave a typical signature on a design outcome. Mary
Collins, in her post “Web Design Trends: Why Do All Web-
sites Look the Same?”¹⁵ noted thatmodernwebsites style-wise
look very similar: “large full-width background image or video
in the header, overlaid text, followed by a block of short text,
and then the obligatory icon columns.” Collins argued that this
uniformity has its origins in popularity of UI frameworks,
in particular Bootstrap¹⁶, as well as the availability of pre-
designed website themes, such as those in WordPress¹⁷.

¹⁵https://www.friday.ie/journal/why-do-all-websites-look-the-same/
¹⁶http://getbootstrap.com/
¹⁷https://wordpress.com/

https://www.friday.ie/journal/why-do-all-websites-look-the-same/
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http://getbootstrap.com/
https://wordpress.com/
https://www.friday.ie/journal/why-do-all-websites-look-the-same/
http://getbootstrap.com/
https://wordpress.com/
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The screenshot of several popularWordPress themes with similar styles.

In software design, developers need to use software frame-
works and libraries. These frameworks often have recom-
mended ways of working and their conventions. Some soft-
ware frameworks follow the convention-over-configuration¹⁸
approach, making it easier to do things that mimic particular
conventions. Sometimes, such frameworks are called “opin-
ionated” frameworks¹⁹ as they embed and promote “opin-
ions” about how things should be done. Such “opinionated”
frameworks encourage designers into doing things their way.
By design, such frameworks are leaving a strong signature
on a design outcome. For example, Maven²⁰, one of the
most popular software project management tools, strongly

¹⁸https://en.wikipedia.org/wiki/Convention_over_configuration
¹⁹https://stackoverflow.com/questions/802050/what-is-opinionated-software
²⁰https://en.wikipedia.org/wiki/Apache_Maven
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encourages applications to follow standard Maven directory
structure and file name conventions. In practice, that means
that virtually all Maven projects will have a very similar
source code organization. While this may be limiting in some
cases, the significant advantage is that anyone who worked
on one Maven project will be able to work in another Maven
project more efficiently.

One advantage of the design signature pattern is that it
facilitates consistency and better understandability of design
outcomes. Myers argued that since all user interfaces created
with the same tool will be similar, such tools help to achieve
a consistent look and feel (Myers et al. 2000). For instance,
Bootstrap²¹ and Google Material Design²² are frameworks for
creating unified user experiences across diverse platforms and
devices. While being very flexible, these frameworks come
with predefined elements and resources, such as material
icons, which can give applications a distinctive Bootstrap or
Google material look and feel. This consistent look and feel,
in turn, can make it easier for users to reuse their experiences
from other applications across diverse channels.

Having design tools that impose strong constraints, while
limiting designers, also can simplify the design of new design
outcomes. Tools without such constraints may lead designers
to create unnecessarily complex and difficult to use designs.
Nielsen’s 2010 report on the usability of iPad applications
nicely illustrates this issue:

“The first crop of iPad apps revived memories of Web designs
from 1993 when Mosaic first introduced the image map that
made it possible for any part of any picture to become a UI
element. As a result, graphic designers went wild: anything

²¹http://http://getbootstrap.com/
²²https://material.google.com/

http://http//getbootstrap.com/
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they could draw could be a UI, whether it made sense or not.
It’s the same with iPad apps: anything you can show and touch
can be a UI on this device. There are no standards and no
expectations.” (Nielsen 2010)

The main disadvantage of using tools with predefined ele-
ments is that they constraint the design outcome and may
limit options and creativity of designers. Websites that use
predefined templates may lack clear distinction in style from
other sites, which may cause user dissatisfaction or users’
perception of the company as unoriginal or amateurish. Con-
sequently, tools with fewer constraints may lead to more in-
novative designs. As argued by Shneiderman et al. (2007), the
success of Flash²³ user interface tool was partially based on the
lack of predefined widgets. It stimulated innovative designs
because it encouraged designers to explore different ways to
control the interaction, instead of just using buttons and scroll
bars. We may argue that lack of predefined elements in a user
interface was a typical signature of the Flash tool.

The your design is your reflection pattern may also occur
as a consequence of individual designer’s background and
preferences. In his examination of forces that generate a style
in architecture, Chiu-Shui Chan (2001) argued that an archi-
tectural style is not only a similarity of physical features in a
designed object. Instead, a style also reflects designers’ per-
sonal aspects, including operations of cognitive mechanisms,
utilization of repeated procedures, personal preference for
specific images, and manipulation of certain seasoned design
knowledge. Designers have their own unique sets of skills,
knowledge, and experiences, and often they have developed
their design styles. Moreover, sometimes a designer may be
invited to design something exactly because of this style. That

²³https://en.wikipedia.org/wiki/Adobe_Flash
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means that different design outcomes produced by the same
designers will often have some standard features.

The your design is your reflection pattern may also be visible
at the level of design processes and organizations. Established
processes and organizational structures may influence the
form of design outcomes. Melvin Conway, in what is nowa-
days known as Conway’s law, stated that organizations which
design systems are constrained to produce designs which are
copies of the communication structures of these organizations
(Conway 1968²⁴). In other words, the structure of a system
will follow the organization of the people that built it (e.g.
see Lewis & Fowler 2014). When designing a complex system,
two modules A and B cannot interface correctly with each
other unless the designer and implementer of A can commu-
nicate with the designer and implementer of B. MacCormack
et al. 2012 similarly explored the duality between product
and organizational architectures, highlighting the impact of
organizational design decisions on the technical structure of
the artifacts that these organizations develop. This pattern
may enable organizations to create particular types of design
outcomes efficiently.

If an organization frequently produces a specific kind of
design outcomes, having a stable, optimized organizational
structure can be a significant advantage. When established
organizational structures do not match well requirements of
design outcomes, this pattern may lead to negative conse-
quences. If the organizational structure makes it difficult to
introduce particular changes, this pattern may lead to missed
opportunities or lower quality. Gokpinar et al. (2010), in their
study of vehicle development process of a major auto com-
pany, found out that mismatches between product architec-

²⁴http://www.design.caltech.edu/erik/Misc/Conway.html

http://www.design.caltech.edu/erik/Misc/Conway.html
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ture and organizational structure lead to a number of quality
issues. In other cases, this pattern may lead to unnecessary
complexity. For example, Bass et al. (2012) reported a case in
which a software architect was asked by the management to
add a database component to the software solution without
clear functional need. The main reason was that database de-
partment was overstaffed and underworked and they needed
something to do (page 59). “Design by committee” is another
example of unnecessary design complexity introduces by
imposed organizational structures. Fred Brooks (2010) argued
that outcomes of a design by committee lack focus and result
in impractical products with too broad functionality. Brooks
elaborated that the people in committees, to protect their
interests and avoid conflicts, are often reluctant to reject any
request:

Each player has a wish list garnered from his constituents
and weighted by his personal experiences. Each has both an
ego and a reputation that depend on how well he gets his list
adopted. Logrolling is endemic—an inevitable consequence of
the incentive structure. “I won’t naysay your wish, if you won’t
naysay mine” (page 41).
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Illustration of the Conway’s Law. Credit: Martin Fowler
(https://martinfowler.com/articles/microservices.html).

The your design is your reflection pattern is a consequence
of inertia (resistance to change) of design resources. The
opposition to change of design resources is not necessarily
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a problem. Having stable tools, habits, and organizational
structures often make designing more comfortable, more pre-
dictable and faster. Such inertia may be a design decision, for
example, if the goal is to create consistent design outcomes.
But such inertia may happen implicitly, for instance, due to
sheer size and complexity of used resources. Social dynamics
in design teams and organizations also contribute to this
pattern, such as in the case of the Conway’s law. As noted
by James Coplien (1999) in his discussion of Conway’s law,
“[software] architecture is not so much about the software, but
about the people who write the software. The core principles of
architecture, such as coupling and cohesion, aren’t about the
code. The code doesn’t ‘care’ about how cohesive or decoupled
it is; … But people do care about their coupling to other team
members..” The resistance to change means that the resources
may be difficult or costly to change, often leading to a more
manageable option of design outcome adaptations. However,
toomuch inertiamay lead to situationswhere design outcome
becomes unnecessarily constraint or complex.

The your design is your reflection pattern is related to the you
are a reflection of your design pattern. Design resources may
get their “signature” form as a result of the need to support
efficient creation of certain types of design outcomes. The
your design is your reflection pattern is also related to the
conformity pattern. Adopting popular design resources with
established best-practices also means accepting particular
constraints and ways of working with these resources.
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Questions to Consider

• Do you have your design style? How much
do you care about it?

• Do you use templates and standard sets of
technologies andmaterials in your designs?

• Do templates and standards help you to
simplify and speed up your design efforts?

• Do these templates and standards limit
your design efforts?

• How do you ensure consistency (when
needed) in multiple design activities?

• Is your organizational structure aligned
with the structure of your design out-
comes? How?

• Have you ever experienced the effect of
Conway’s law, where your designs copied
the communication structures of your or-
ganization?

• Have you ever build unnecessary complex
designs due to wrong organizational struc-
tures?

• Have you ever experienced the effect of in-
verse Conway’s law, changing your organi-
zation to suit the design outcome structure
better?
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You Are Reflection of Your Design

Motto: “We are what we repeatedly do.” (Will Durant, The
Story of Philosophy)

Summary: Design resources are adapted to a design outcome,
sometimes to the point that the form and organization of
design resources reflects the intended shape of the outcome.

Topics: Specialization, Inverse Conway’s Law, Work Opti-
mization

Alternative name: Outcome Signature

Desirable: In situations where efficiency of design work is
essential.

Undesirable: In complex real-world situations and in new
domains where it may limit designers’ ability to apply other
approaches.

The structure of design outcomes may influence the tools,
methods, processes and whole organizations that create such
outcomes. As in the case of the your design is your reflection
pattern, this adaptation can happen at all levels, from individ-
ual design tools to complex organizational structures.

The following table illustrates levels at which this patternmay
occur.
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Level Examples
Technology and tools Tools and materials are

selected and configured
to facilitate the creation
of particular outcome
types.

Individual designers Types of outcomes they
worked on define
designers’ style, skills,
and knowledge

Team and organization Team organization and
communication
structures are defined to
facilitate a particular
outcome structure
(inverse Conway’s law).

Design tools often need to be adapted to create a particular
design outcome. For example, most software design tools are
configurable so that frequently used functions are more easily
accessible (e.g., via shortcuts or toolbar buttons). In this way,
the configured tool becomes optimized for particular tasks,
making these tasks easier, and other more difficult. This tool
configuration is a signature that working on a design outcome
leaves on a design resource.

Working on a particular type of design outcomes also leads to
improvements in designers’ skills and knowledge. Working
with the same tool to create similar design outcomes (e.g.,
mobile applications, web applications), will lead designers to
develop a specific set of skills, biased at the efficient cre-
ation of such design outcomes. Once designers develop such
skills, they are much more efficient in creating new similar
design outcomes. This efficiency, in turn, may lead to other
positive consequences, such as more rapid prototyping and
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more iterations of iterative design that is a crucial component
of achieving high-quality user interfaces (Myers et al. 2000;
Nielsen 1993).

The you are a reflection of your design pattern also happens
at the process and organizational levels. Bass et al. (2012),
for instance, argued that software design often describes not
only the structure of the design outcome. It can engrave
the structure of the development project and sometimes the
structure of the entire organization (page 33). They elaborated
that a standardmethod for dividing up the labor is to assign to
different groups different portions of the system to construct.
Such work-breakdown structure in turn dictates:

• units of planning, schedule, and budget,
• inter-team communication channels,
• configuration control and file-system organization,
• test plans and procedures, and
• even minutiae such as how the project internet is orga-
nized and who sits with whom at the company picnic.

Sam Newman similarly provides an example of an organi-
zational structure that grew up around the product architec-
ture (Newman 2005, page 201). The organization was tightly
aligned with the parts of the product. To make changes to the
product, they first had to change the organizational structure.

The you are a reflection of your design signature pattern may
be a consequence of the success of a product and the need
to maintain and support the product in the long term. Bill
Buxton (2007) claimed that the second worst thing that can
happen to a new product (after failure) is that it is a huge suc-
cess (page 208). Buxton elaborated that the more successful a
product, the more of them are going to be produced and used.
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That means that the company, clients, and successors have to
deal longer with the design and architectural decisions that
designers made. To be able to maintain and support successful
products, organizations need to make long-term adaptations
and optimizations. While such products may be profitable,
they may also be a burden. Long-lived systems tend to grow
in size and complexity over the time, and maintenance and
support of such systems tend to consume more and more of
the organization’s resources. This consumption of resources
may limit the ability of the organization to do other things
and innovate. Adam Schneider, for instance, noted²⁵ that
companies may become prisoners of their legacy systems. The
need to support legacy systems prevents such companies from
surging ahead in the marketplace, introducing new products,
moving into new geographies, or expanding services to cus-
tomers on new platforms.

The you are a reflection of your design pattern is related
to the your design is your reflection pattern. Adaptations
of design resources to support efficient creation of certain
types of design outcomes often lead to long-term changes in
these design resources. These long-term changes, in turn, may
affect the form of new design outcomes in new projects where
designers use the same resources. The you are a reflection
of your design pattern is also related to the commitment
pattern. Having tools, skills, and organizational structures
optimized for creating a particular type of a design outcome
may encourage designers to reuse their tools and skills in new
design situations. But this optimization may also lead to the
cherry picking pattern, and stimulate designers to choose only
those situations where a specific type of design outcome is

²⁵http://deloitte.wsj.com/cio/2013/10/01/when-companies-become-prisoners-of-
legacy-systems/

http://deloitte.wsj.com/cio/2013/10/01/when-companies-become-prisoners-of-legacy-systems/
http://deloitte.wsj.com/cio/2013/10/01/when-companies-become-prisoners-of-legacy-systems/
http://deloitte.wsj.com/cio/2013/10/01/when-companies-become-prisoners-of-legacy-systems/
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required.

Questions to Consider

• How do you choose technologies, materi-
als, and tools for your designs?

• Do you have preferred tools and tech-
niques?

• Have you ever obsessively used some tech-
nology or method, even though it was not
the most appropriate for the task at hand?

• Do you adapt your organizational struc-
tures for your designs?

• How much effort you spend maintaining
your existing designs versus creating the
new ones?

• Are you being slowed down by the need to
maintain your previous (legacy) designs?
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Hammer-heads optimized for different purposes. Credit: Wikimedia
Commons.
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Design-by-Buzzword

Motto: “Projects that do not capitalize on new opportunities
will generally find their products unable to compete.” Boehm
and Bhuta (2008)

Summary: A designer is joining a growing trend in using
some technology, often in an opportunist way. New possibili-
ties of design resources are shaping the design outcome.

Alternative names: Design-by-Buzzword, Opportunistic De-
sign.

Topics: exploiting new opportunities, hype, new trends, hackathons

Desirable: In fast-changing domains where capitalization on
new opportunities is a crucial competitive advantage.

Undesirable: In real-world situations and in well-known do-
mains where it may lead to unnecessary complex solutions.

The design-by-buzzword pattern is a form of dynamics be-
tween design outcomes and design resources where designers
use a design situation as an opportunity to try out some novel
or upcoming design resource (e.g. Ncube et al. 2008).

The design-by-buzzword pattern is a consequence of technol-
ogy developments, designer’s creativity in using and applying
new resources, as well as changing expectations of users
who are continually learning about technology advances.
Introduction an iPhone, for instance, radically changed user’s
expectations of mobile applications (e.g., see “How iPhone
Changed the World”²⁶).

²⁶http://www.cultofmac.com/103229/how-iphone-changed-the-world/

http://www.cultofmac.com/103229/how-iphone-changed-the-world/
http://www.cultofmac.com/103229/how-iphone-changed-the-world/
http://www.cultofmac.com/103229/how-iphone-changed-the-world/
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The iPhone family. Introduction an iPhone radically changed user’s
expectations of mobile applications. Credit: Apple.

New technology opportunities are one of the main reasons for
a constant change of designs, especially in software design.
Boehm and Bhuta (2008) argued that software projects that
do not capitalize on new opportunities will generally find
their products unable to compete. Earlier Brooks (1995) noted
that new opportunities in technology are one of the primary
drivers behind constant changes of software designs: “If not
new computers, then at least new disks, new displays, new
printers come along; and the software must be conformed to
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its new vehicles of opportunity” (page 12).

In the design-by-buzzword pattern, the primary driver for the
use of some resources is the “hype” and high expectations of
some new trend. Such usage usually is not directly driven by
the requirements of the situation or experiences in using the
resource in similar cases. Nowadays, bitcoin and blockchain
technologies are examples of such hype. Financial institutions
are investing in these technologies, but the actual value and
practical utility of these technologies are still unclear.

Novelty rather than experience drives the design-by-buzzword
pattern. The lack of experiences means that there are no clear
guidelines and best practices, which may lead to unnecessary
complex projects that are more likely to fail. Roy Thomas
Fielding (2000) noted that software projects often begin with
adoption of the latest “fad” in architectural design. Only
later, if at all, it is discovered whether or not the system
requirements call for such an architecture. As usage of new
resources may lead to more unexpected and undesired effects,
projects based on the design-by-buzzword pattern are also
more likely to fail.

Design-by-buzzword introduces a number of risks. Designers
need to work with resources that are not necessarily proven in
practice, and for which there are little experiences that can be
reused. On the other hand, avoiding using new resources may
impact the long-term competitiveness of an organization.
Consequently, organizations are looking for ways to combine
benefits of being an early adopter of some technology or tech-
nique, while limiting the risk. Hackathons are an increasingly
more popular form of making such compromise (Komssi et al.
2015). Here the risk is minimized by time-boxing the activity,
normally for several days only, with the idea that this limited
time frame gives enough time to get basic insights and some
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hands-on experience with a new trend.

The design-by-buzzword pattern is related to the solution
looking for a problem pattern. New opportunities embedded
in an innovative design outcome may lead to usages of this
outcome in new situations. The co-evolution of problem-
solution patternmay also be related to the design-by-buzzword
pattern as a way to develop a better understanding of useful
applications for new design resources.

Questions to Consider

• Do you follow the latest trends in design
tools and materials, and are you quick to
adopt them?

• Have you ever regretted being an early
adopter of the latest fads?

• Have you ever regretted not reacting soon
enough to the latest trends?

• How do you make decisions to adopt new
technologies and methods?

• Do you have organized events, such as
hackathons, to systematically, but with
limited risk, explore new opportunities?
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C. Patterns of Dynamics Between
Design Situations and Design

Resources

Design situations and design resources relate to each other
in many ways. A designer is often pictured as a craftsman,
someone who picks and chooses tools freely based on the
case and grounded in the judgment of overall benefits from
using a specific resource (Stolterman 2008). Some resource
selection criteria are influenced by the specifics of the design
situation at hand, and the designer has limited influence on
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them. Budget limitations, for instance, can affect the selection
of materials and consequently tools and processes to work
with these materials. The deadline imposed by clients may
restrict the number of design iterations and limit the amount
of testing and evaluation. Size and criticality of a situation
may ask for different software development approaches (e.g.
Cockburn 2000).

The choice of design resources is never trivial and never a
sole function of the situation requirements. The ‘benefits’ of
using some tools also depend on the level of skill and mastery
required, external pressure about standards, personal style of
expression. The designer is also almost never in full control
about which resources will be used and how they will be
adapted to a particular situation.

We discuss the following patterns of these dynamics between
design resources and situations:

• Conformity,
• Commitment, and
• Cherry Picking.
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Conformity

Motto: “When in Rome, do as the Roman’s do.”

Summary: To minimize risks in a new design situation,
designers use popular and proven resources with established
best practices. Such conformity may be driven by positive
experiences of others in similar situations, mere popularity
of design resources, or mandatory requirements. The usage
of a design resource further contributes to establishment
and reputation of the resource and its usage in new design
situations.

Topics: popularity, compliance, communities, fashion, peer
pressure, legal requirements, education

Desirable:When conformity is mandatory, or when designers
can benefit from joining a broader community.

Undesirable: In new domains where there are no established
best practices, or in areas where capitalization on new oppor-
tunities is crucial.

In the conformity pattern, designers select popular and proven
resources with established best practices. In this pattern,
external factors, such as experiences of others, popularity, or
regulations, are primary drivers for the selection of design
resources.

The primary driver behind conforming to established re-
sources and best practices is the wish to minimize risks. Es-
tablished and popular design resources and reference projects
provide some evidence that the design resources are suitable
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for particular situations. Consequently, a common strategy to
select design resources is to look at successful design projects
addressing similar conditions and to use the same resources.

Conformity has practical advantages for designers. Well-
known tools usually have active communities of practitioners
and plenty of learning resources, enabling a designer to
more efficiently and predictably master the resource usage.
Conformity also has advantages for organizations, as it is
easier to find new employees for mainstream tools.

The mere popularity of some design tool or methodology is
often the main reason for its usage. For instance, while there
are hundreds of libraries and frameworks for the development
of web user interfaces, most new web user interfaces are
build using fewmost popular frameworks: React, Angular and
Bootstrap. In the domain of graphic design, similarly there are
hundreds of available tools, but most designers use Adobe²⁷
tools (e.g., Photoshop, Illustrator, and InDesign) by far the
most popular graphic design tools, often described as de facto
industry standard for graphics editing.

The most popular design resources are often introduced at
schools and universities, further contributing to the pop-
ularity and widespread use of these resources. Adobe, for
example, offers educational resources and discounts²⁸ on their
products for teachers and students. In software engineer-
ing schools, Java, one of the most popular programming
languages, has often been used as the first programming
languages that students learn (Hadjerrouit 1998). Before that,
the popularity of C++ in the industry has led to its use for
teaching as well (Kölling (1999)).

²⁷http://www.adobe.com
²⁸http://www.adobe.com/education.edu.html

http://www.adobe.com/
http://www.adobe.com/education.edu.html
http://www.adobe.com/
http://www.adobe.com/education.edu.html
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Usage of some resources also influences the future devel-
opment of that resource. By using and buying a particular
resource, designers increase the popularity of the resource
and the profit of the producer, which can further stimulate
the use of the tool. Successful projects are excellent references
for resources used in them and may be the main reason why
others will select these resources for new projects.

Conformity may also be a result of legal and other regula-
tions. Physical materials, for instance, need to satisfy rules
about safety and environmental impact and there is often
a limited list of “certified” or recommended materials. Here
conformity is more than a question of style. Failure to use
recommended materials may have severe consequences and
put lives of people in danger, as in the case of fire safety
standards. In software design, companies often also have a
list of approved resources, tools or libraries. Security concerns
are often the driver of these limitations. For instance, in 2017
the US Government banned Kaspersky Security software,
limiting designers of network and application security to
other options. A similar situation happened in 2019 when
the U.S. banned its companies from using foreign telecoms
providers, in particular the Huawei equipment in 5G mobile
networks.

Designers may conform to the usage of some resources due
to fear of legal and other consequences. Harrison (2004) for
instance, argued that if a software system fails and customers
sue, it may be viewed as negligence if the designer’s organiza-
tion did not follow best practices. For this argument, Harrison
draws a parallel between software design and criminal trial.
In a criminal trial (at least in the US), the failure to follow an
established best practice could result in an acquittal.

The conformity pattern is particularly useful in standard,
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well-known domains. As discussed in the co-evolution of
problem-solution pattern, designing custom solutions may
lead to “reinventing-the-wheel” and “not-invented-here” anti-
patterns. In well-established domains, designers often can use
standard solutions with minimal modifications.

Conformity also has its downsides. One negative issue is
that by using established and proven resources, designers
may not capitalize on some new emerging technology. As
discussed in the design-by-buzzword pattern, projects that do
not capitalize on new opportunities may find their products
unable to compete. Another negative issue is the vendor lock-
in²⁹, as designers and customers may become too dependent
on a vendor for products and services, and are unable to use
another vendor without substantial switching costs. Popular
tools may also constrain a designer as they need to stay rele-
vant for many users and may decide to focus on developing
only the most common features.

The conformity pattern is related to the commitment pattern,
as successful usages of some new design resources require
some level of commitment. Design organizations may also
commit to using some standard or favorite resource. The con-
formity pattern is also related to the cherry picking pattern.
A wish to avoid risks may lead design organizations to work
only in situations where proven resources with established
best practices can be applied.

²⁹https://en.wikipedia.org/wiki/Vendor_lock-in

https://en.wikipedia.org/wiki/Vendor_lock-in
https://en.wikipedia.org/wiki/Vendor_lock-in
https://en.wikipedia.org/wiki/Vendor_lock-in
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Questions to Consider

• Do you use standard tools and methods
with a significant user base?

• Are you an early adopter for some tech-
nologies and methods?

• Are you practices, tools, and methods simi-
lar to practices, tools, and methods of other
companies or institutions?

• Do you have some unique practices, tools,
and methods? Why?

• Do you regret conforming to some standard
practices, tools, and methods, as they limit
you?

• Are you dependent on a vendor for prod-
ucts and services, and are unable to use an-
other vendor without substantial switching
costs?

• Have you ever needed to change your de-
sign due to government decisions?
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Three examples of buildings in the Amsterdam School style, a style
of architecture popular from 1910 through about 1930 in the Nether-
lands. Buildings of the Amsterdam School are characterized by brick
construction with complicated masonry with a rounded or organic
appearance, relatively traditional massing, and the integration of an
elaborate scheme of building elements inside and out. Credit: Ams-
terdam Municipal Department for the Preservation and Restoration of
Historic Buildings and Sites (bMA) / Wikimedia Commons.
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Commitment

Motto: “It is a poor craftsman that blames his tools.”

Summary: In a new design situation designers use tools they
committed to beforehand.

Topics: learning, standardization of work, tool development,
“eating its own dog food,” “if all you have is a hammer,
everything looks like a nail”

Desirable: When designers want to master resource usage or
further improve the resource itself.

Undesirable: In complex real-world situations where over-
commitment may lead to worse design outcomes and lost
opportunities.

The commitment pattern is a form of dynamics of design ac-
tivities in which, in a new design situation, designers commit
beforehand to using a particular resource. And they persist
in the usage of the resource even when they experience
difficulties.

Designers may commit to and persist in using a particular
resource due to a number of reasons. Such commitment,
for instance, can facilitate the development of design skills.
Learning to use a new design tool requires time and effort, and
initial results may be discouraging. Without the commitment
and persistence, a designer may give up learning too early,
and never master the tool.

Most design companies have a set of their standard or recom-
mended resources. If a whole organization commits to using
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a particular resource, it may have a positive effect on its oper-
ations. More people will share the same knowledge and skills,
learn from each other, and in general easier communicate and
collaborate. Ken Britton³⁰, for instance, argued for the value
of keeping the number of technologies organizations use to
a minimum. With fewer technologies, the organizations can
more easily train new people, maintain code, and support
moves between teams. Sam Newman (2015³¹} similarly de-
scribed that Netflix³², has mostly standardized on Cassandra³³
as a data-store technology (page 16). Although it may not
be the best fit for all of its cases, Newman elaborated that
Netflix felt that the value gained by building tooling and
expertise around Cassandra was more important than having
to support and operate at scale multiple other platforms that
may be a better fit for certain tasks.

A special case of the commitment pattern is the “eating its
own dog food” pattern (Harrison 2006). To demonstrate confi-
dence in their products, some design companies are forcing
themselves to use their own products. A famous example
is the 1980’s memo sent by the Apple Computer’s president
Michael Scott. In the memo, Scott asked employees to stop
using typewriters and instead use Apple’s word processing
software (Ditlea 1981).

An over-reliance on a familiar resource has its downsizes,
famously expressed as “if all you have is a hammer, every-
thing looks like a nail”. Each tool and process comes with
different concepts and abstractions, giving designers “lenses”
through which they can view the design situation. If these
“lenses” are too focused, designers may over-emphasize the

³⁰http://queue.acm.org/detail.cfm?id=3131240
³¹Newman2015
³²https://www.netflix.com/
³³http://cassandra.apache.org/

http://queue.acm.org/detail.cfm?id=3131240
https://www.netflix.com/
http://cassandra.apache.org/
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http://cassandra.apache.org/
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parts of the situation that fits nicely in their process or their
tool. Or they may under-emphasize the parts where there is
a less obvious match. Designers may also create unnecessary
complex solutions (e.g. see Plauger 1992, and discussion on the
Second-System Effect³⁴ in Brooks 1995). In software design,
there is a similar notion of a silver bullet or golden hammer,
“a familiar technology or concept applied obsessively to many
software problems” (Brown et al. 1998: p 111). Unified Model-
ing Language (UML) and ExtensibleMarkup Language (XML)
are examples of technologies that have been used almost
“obsessively” in software design. These two technologies are
valuable tools for software design. But in some cases, such
tools are not effective or sufficient. For instance, Bell (2004)
discussed “UML fever,” describing that it is not uncommon
for people to believe that usage of UML guarantees the value
of the artifacts produced. Similarly, in their article on “XML
fever,” Wilde and Glushko (2008) argued that some view
XML as a magical solution of universal interoperability of
information producers and consumers. They elaborated that
much more is needed to achieve interoperability than simply
using XML.

In all of these patterns, there is the pre-commitment to some
resource. On a positive side, this commitment may enable
development of mastery in resource’s usage and stimulate
improvements of the resource itself. On the negative side, the
over-commitment may lead to worse design outcomes and
lost opportunities.

The commitment pattern is related to the conformity pattern,
as design organizations may commit to using some resource
out of conformity. The commitment pattern is related to

³⁴https://en.wikipedia.org/wiki/The_Mythical_Man-Month#The_second-
system_effect

https://en.wikipedia.org/wiki/The_Mythical_Man-Month#The_second-system_effect
https://en.wikipedia.org/wiki/The_Mythical_Man-Month#The_second-system_effect
https://en.wikipedia.org/wiki/The_Mythical_Man-Month#The_second-system_effect
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the cherry picking pattern, because a designer may choose
situations in which resources he committed to may be more
readily applied.

Questions to Consider

• How much freedom do you have in choos-
ing your design resources?

• Do you have some design resources you are
committed to using most of the time?

• How do you learn new practices, tools, and
methods? When do you give up?

• Do you “eat your own dog food”?
• Have you ever regretted committing too
much to some practice, tool, or method?

• Do you have a golden hammer, applied
obsessively to many problems?
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Mike Scott Memo - No More Typewriters. Credit: archive.org
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Cherry Picking

Motto: “Do one thing and do it well.”

Summary:Design situations are selected based on how quickly
designers can approach these situations with preferred or
available resources. Other situations are avoided.

Topics: focusing usage of resources, work efficiency, minimiz-
ing risks

Alternative names: Low-Hanging Fruits, Selective Design.

Desirable: In new domains where there are plenty of oppor-
tunities or little competition, or when an organization needs
to focus usage of scarce resources.

Undesirable: In complex real-world situations as it may stim-
ulate solving easy instead of important problems.

In domains where designers can choose situations to work on,
they may decide to select only those situations where they
can use their preferred resources (e.g. Stolterman and Pierce
2012). Designers may choose to specialize and avoid involving
in unfamiliar situations where they may not be able to use
familiar resources.

Cherry picking may have a positive effect on operations and
success of designers and their organizations. Ries and Ries
(2002), for instance, claimed that companies are likely to be
more successful if they focus their energies on one specific
skill instead of trying to master many different ones (page 8).

Limitation in resources may also stimulate designers to select
situations where they expect more benefits or have less risk of
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failure. In the business context³⁵ “cherry-picking” is used as a
practice to identify and target the most profitable customers
in a market, rather than serving them all. Cherry-picking
the most attractive customers is a common approach for
startups since they can focus their limited resources and
not disperse them over the whole segment. In the finan-
cial world³⁶, “cherry picking” is also used as a strategy by
investors to choose investments that have performed well
within another portfolio in anticipation that the trend will
continue. Here, cherry-picking reduces the amount of time
required for researching stocks because the pool of securities
in which investors pick from is narrowed.

Cherry-picking also may have negative effects. One problem
is that by cherry-picking designers may be solving issues that
are less relevant to the client. This problem is especially visible
in domains where a rigor in applying a specific method is
valued more than the practical value of a design outcome,
such as in academic environments. Greenberg and Buxton
2008, for example, argued that the ACM CHI conference³⁷
has a methodology bias, where certain kinds of methods
are considered more ‘correct’ and thus acceptable than oth-
ers. The consequence is that people now likely generate
‘research questions’ and ‘designs’ that are amenable to a
chosen method, rather than the other way around: “That
is, they choose a method perceived as ‘favored’ by review
committees, and then find or fit a problem to match it. … That
is, researchers first choose the method (e.g., controlled study)
and then concoct a problem that fits that method.” In this case,
the selection of situations is more influenced by the tools and
techniques that researchers like than by the importance of the

³⁵https://strategicthinker.wordpress.com/cherry-picking/
³⁶http://www.investopedia.com/terms/c/cherrypicking.asp
³⁷https://sigchi.org/conferences/
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problems.

The cherry picking pattern is related to the commitment
pattern, because a designer may choose situations in which
resources he committed to may be more readily applied.
The cherry picking pattern is also related to the conformity
pattern. A wish to avoid risks may lead design organizations
to work only in situations where proven resources with
established best practices can be applied.

Questions to Consider

• On what types of design situations you
work on usually?

• Do you specialize in any way?
• Do you say no to design opportunities out-
side your specialization?

• How do you make sure not to overspe-
cialize and became irrelevant once your
specialization is not anymore needed?
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Cherry picking. Designers may choose problems based on their spe-
cialization or due to resource limitations. Credit: Charles Nadeau /
Wikimedia Commons / CC-BY-2.0.
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D. Emergence of Complex Patterns
of Dynamics

“Every place is given its character by certain patterns of events
that keep on happening there.” (Christopher Alexander, The
Timeless Way of Building)

The patterns of dynamics of design activities may facilitate
describing complex dynamics between elements of design ac-
tivities as a combination of several higher-level arrangements
of such dynamics. With patterns, we can explain, compare,
and contrast, diverse and complex design activities in similar
terms and on a higher level of abstraction.

We can, for instance, talk about some typical combination of
patterns. When a new situation appears, designers’ attempt to
change that situation may lead to the co-evolution of problem-
solution pattern. Designers may need new or better resources
for this situation, which will lead designers to change their
ways of working and to the emergence of the you are a
reflection of your design pattern. Through commitment and
eating its own dog food patterns the new resources can further
develop and gain popularity. Once stable and popular the
resources may become a de facto standard, and lead to the
conformity pattern. The conformity pattern may lead to the
your design is your reflection pattern. The your design is your
reflection pattern, on the other hand, may trigger a reaction of
customers wanting something new and original, which may
result in new design situations.

The patterns of dynamics may be useful to discuss different
levels of difficulties of design. Or, to paraphrase the Christo-
pher Alexander’s quote, we can argue that every design
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activity is given its character by patterns of dynamics that
keep on happening there. Similar to Gero (1990), we may
talk about routine design vs. innovative design, later gener-
ally considered more difficult. In routine designs, designers
normally have better-defined situations, and they are using
familiar and proven tools. There we may primarily expect to
see the commitment pattern and possibly the puzzle solving
pattern, with little of other patterns occurring. A routine
design may also be the consequence of the cherry picking
pattern. In innovative designs, on the other hand we may
expect to see the co-evolution of problem-solution pattern,
with possibly the design-by-buzzword and solution looking
for a problem patterns. The innovative or creative design is
also more likely to lead to the force awakens and pandora’s
box patterns, as we are dealing with more novel and unknown
elements.

The patterns of dynamics strongly suggest that designers need
techniques to estimate both the short-term and long-term
impacts of design. In this aspect, we support the view of
Penzenstadler et al. (2014), who argued that software design-
ers could considerably improve civilization’s sustainability by
taking into account not just the first-order impacts of software
systems but also their second- and third-order impacts. We
believe that our framework could support such reasoning. The
patterns illustrate that design activities have both a short-
term and long-term dynamics. The short-term dynamics are
typically localized within a particular project and are occur-
ring in a limited period. The long-term dynamics are happen-
ing over amore extended period and amongmultiple projects.
For example, the co-evolution of problem-solution pattern
usually is intrinsic to the design activity and people involved
in it, and the pattern is occurring during a concrete project.
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The force awakens pattern, on the other hand, is primarily a
consequence of indirect interactions through many elements
outside the main design activity. Some patterns reflect both
short-term and long-term dynamics. For example, the eating
its own dog food pattern has an immediate short-term effect
on the project where it is being used. But because it promotes
and stimulates the development of specific design resources,
on the long-term it may influence other design projects.

Questions to Consider

• Which patterns of dynamics typically occur
in your design activities?

• Are there some patterns that occur more
often than the others?

• Are there some patterns that do not occur
at all?

• How do you estimate the potential impact
of your design outcomes, both short and
long term?
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The formation of complex symmetrical and fractal patterns in
snowflakes exemplifies emergence in a physical system. In philosophy,
systems theory, science, and art, emergence is whereby larger entities
arise through interactions among smaller or simpler entities such that
the larger entities exhibit properties, the smaller/simpler entities do not
display. Credit: Wikimedia Commons.



Part III: Sources of
Dynamics

Dynamics of design activities are caused and influences by
diverse factors. Designers have to make decisions in a limited
time based on the imperfect information they have. They are
working in situations that are constantly changing due to
forces beyond their control. Designers are using and relying
on knowledge and skills that they do not fully understand
and cannot explain. And at the same time, they do not have
any strong underlying principles, theories, and laws to guide
them.

In this part, we discuss our view on the main reasons behind
occurrence of patterns of dynamics between design situations,
design outcomes and design resources.We address the follow-
ing topics:

• The moving target problem,
• Increasing interconnectivity,
• Learning and creativity,
• Reliance on tacit knowledge and skills,
• Social dynamics, and
• Lack of strong theories and principles.

Our primary goal is to provide an initial categorization of
sources of design dynamics and to relate them to the patterns
from the previous chapter. Our overview of sources of design
dynamics is not intended to be complete, but rather a starting
point and the proposed classification is not a clear-cut.
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A. The Moving Target Problem

Summary:Design situations, resources, and outcomes change
more rapidly than designers’ understanding of them. Conse-
quently, designers need to work without having significant
experience with, and understanding of, design situations,
resources, and outcomes. Waiting to obtain more knowledge
and better understanding is risky as the issues may quickly
become less relevant or obsolete.

Related Patterns: the force awakens, co-evolution of problem-
solution, design-by-buzzword.

The world surrounding a design activity is continuously
changing. New materials, devices, computers and software
products are continuously appearing, introducing new op-
portunities. Because these changes may happen rapidly, de-
signers have limited time to create a useful design outcome.
Design outcomes, especially those involving computing tech-
nologies³⁸, have a limited lifespan, and may quickly become
irrelevant or obsolete.

The constant and rapid change also means that designers who
spend too much time on understanding a design situation and
are hesitant to make decisions may end up creating a solution
for an outdated problem. Myers, for example, described the
problem that constant development of new technologies poses
for the design of user interface tools (Myers et al., 2000). They
argued that it is difficult to build tools without having signif-
icant experience with, and understanding of, the tasks they
support. However, the rapid development of new interface
technologies and techniques can make it difficult for tools to

³⁸See http://pages.experts-exchange.com/processing-power-compared/ for the effec-
tive visualization of the 1 trillion-fold increase in processing power from 1956 to 2015.

http://pages.experts-exchange.com/processing-power-compared/
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keep pace. By the time a new user interface implementation
task is understood well enough to produce useful tools, the
task may have become less critical, or even obsolete.

A similar note we may find by Harlan Mills, who wrote about
difficulties of designing new programming techniques with
high-pace of development of hardware (Glass 2006):

“It’s too bad that hardware grew so fast. You know, if we’d
had these new processors … for 50 years at least, mankind
could really have learned how to do sequential programming.
But the fact is, by the time that [Edsger] Dijkstra comes out
with structured programming, we’ve got all kinds of people
using multiprocessors with interrupt handling, and there’s no
theory behind it, but the IBM’s, the DEC’s, the CDCs, and so
on, they are all driving forward and doing this even though
nobody knows how to do it.” (page 241)

The importance of making timely decisions in software de-
sign was discussed by Richardson (2011). He claimed that a
software architect could spend a great deal of time designing
what he thinks is a perfect system, only to present it when it
is irrelevant. To illustrate the challenges of design decisions
in a changing environment, Richardson uses an analogy of a
hurricane meteorologist:

“If you give a hurricane meteorologist a giant pile of data
about a storm spinning in the middle of the Atlantic Ocean
and ask her to determine exactly where it will come ashore, she
can analyze the data, construct a detailed and accurate model
of the atmospheric conditions and weather patterns, run some
simulations, and come up with a forecast — two months after
the storm hits. It’ll probably be wrong, but not bymuch, amoot
point for the people in the storm’s path. The problem isn’t with
the forecast’s accuracy but with the time needed to prepare
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it. … The model favored by hurricane meteorologists is to do
just enough data acquisition and analysis to be reasonably
certain what the storm will do and then start telling people to
get ready.”

In addition to the high pace of external changes, constant
changing of design outcomes may also create internal dif-
ficulties for designers. Changeability of software (e.g., see
http://sebokwiki.org/wiki/The_Nature_of_Software³⁹, for in-
stance, leads to continually evolving products. This evolution
almost always comes with increased volume and internal
complexity of such products. At some point, the sheer size and
pace of growth of our systems may overpower our ability to
understand them. Ebert and Jones (2009), for example, found
out that premium cars in 2009 have 20 to 70 electronic control
units with more than 100 million code instructions, totaling
close to 1 Gbyte of software. Ebert and Jones also reported
that similar embedded systems grow in size 10% to 20% per
year. The larger the system, the more significant the number
of both, its static elements (the discrete pieces of software,
hardware) and its dynamic elements (the couplings and in-
teractions among hardware, software, and users; connections
to other systems). The increase of the number of system’s
components increases the possibility of errors because at some
point no one can completely understand all the interacting
parts of the whole or can test them (Charette 2005). Or, as
noted by Bob Colwell (2005) it is always possible to design
something too complicated to get it right.

Constant change contributes significantly to the dynamics of
design activities because it forces designers to work without
extensive experience with and deep understanding of a design
situation. The force awakens pattern, for instance, is often

³⁹http://sebokwiki.org/wiki/The_Nature_of_Software

http://sebokwiki.org/wiki/The_Nature_of_Software
http://sebokwiki.org/wiki/The_Nature_of_Software
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a consequence of rapid changes in the external world as
a reaction to a design effort, as well as designer’s lack of
understanding and experience with similar situations. The
co-evolution of problem-solution pattern partially happens
because, due to the fast pace of change, designers are dealing
with new situations for which there is little previous projects
and experiences. On the other hand, the design-by-buzzword
pattern, may contribute to the constant change, as it aims at
introducing new opportunities that may significantly change
design situations.

Questions to Consider

• Are you working in a dynamic domain
where things change quickly?

• How do you balance the need to spend
more time understanding the situation and
designing the outcome versus producing
results rapidly?

• How do you deal with uncertainty in de-
sign situations?

• How do you react to change?
• How do you respond to significant unfore-
seen problems?

• Have you ever canceled you design effort
due to significant changes in design situa-
tion or resources?
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The snapshot from the http://www.evolutionoftheweb.com/ website.
The website illustrates the constant evolution of existing web technolo-
gies, and frequent introduction of new web technologies.
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B. Increasing Interconnectivity

Summary: Design situations, design outcome, and design
resources are increasingly more globally interconnected. In-
creasing interconnectivity means that there are more ways or
channels through which a design activity may be influenced.

Related Patterns: the force awakens, pandora’s box, confor-
mity, design-by-buzzword.

Design situations are never isolated from the outside world.
Our competition is closely monitoring the market develop-
ments, including our activities, and is reacting to them. Mar-
kets are more globalized. Furthermore, events in remote parts
of the world, not directly related to design activity, may have
a significant impact on it. One extreme example is the global
financial crisis of 2008⁴⁰.While started as a consequence of the
bursting of the U.S. (United States) housing bubble, the crisis
affected almost all countries in the world. The crisis played
a significant role in the failure of key businesses, declines in
consumer wealth estimated in trillions of U.S. dollars, and a
downturn in economic activity. It led to the Great Recession
of 2008–2012 and contributed to the European sovereign-debt
crisis. Impact of this global event on design activities has been
significant, with many canceled and postponed projects, and
budgets changed.

With the increase in the number of globally connected de-
vices and advanced in communication technologies, design
outcomes are more and more connected. Many of the current
software systems, for example, are globally accessible web
applications.Most of the current websites, in addition to being
globally available, also offer sharing buttons, connecting their

⁴⁰https://en.wikipedia.org/wiki/Financial_crisis_of_2007%E2%80%9308

https://en.wikipedia.org/wiki/Financial_crisis_of_2007%E2%80%9308
https://en.wikipedia.org/wiki/Financial_crisis_of_2007%E2%80%9308
https://en.wikipedia.org/wiki/Financial_crisis_of_2007%E2%80%9308
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content to social media sites, further increasing their intercon-
nectivity. Andwith initiative such as Internet-of-Things (IoT),
even small devices such as temperature sensors in our houses,
can now be connected to a globally accessible network (Gubbi
et al. 2013). Anticipating behavior of design outcomes in a
globally connected network is an increasingly more difficult
task.

People themselves are more interconnected. Clients and users
are following the news from all around the world, and are
continually learning about new technological possibilities,
adapting their expectation. Designers are also internationally
connected to each other. Design education programs are
mostly international. The rise of online education enables
learning of new design tools and methods by a broad geo-
graphically distributed audience.

Increasing interconnectivity on a global scale may lead to
significant changes in short time. Bruce Schneier’s described
how one simple message that was naively distributed caused
$2.54 billion in market capitalization to disappeared and reap-
pear within just a few hours:

On August 25, 2000, Internet Wire received a forged email
press release seemingly from Emulex Corp., saying that the
Emulex CEO had resigned and the company’s earnings would
be restated. Internet Wire posted the message, without ver-
ifying either its origin or contents. Several financial news
services and Web sites further distributed the false informa-
tion, and the stock dropped 61% (from $113 to $43) before the
hoax was exposed. This was a devastating network attack.
Despite its amateurish execution (the perpetrator, trying to
make money on the stock movements, was caught in less than
24 hours), $2.54 billion in market capitalization disappeared,
only to reappear hours later.



Part III: Sources of Dynamics 94

Increasing interconnectivity leads to more dynamic design
activities, as there aremoreways or channels throughwhich a
design activity may be influenced. The force awakens pattern
is often a direct consequence of the impact of design outcomes
on external, globally connected context. As illustrated by the
OLPC project (see the force awakens pattern), a project in
a rural area in an undeveloped region is not a mere local
project. It is also an action in a segment of an emerging
market. The pandora’s box pattern is a consequence of a chain
of unforeseen consequences of design outcomes in intercon-
nected environments. Increasing connectivity also means that
design professional can quickly learn from each other. The
conformity pattern is in part a result of the ability of design
professionals to quickly obtain globally accessible knowledge
about some popular design resources. And the design-by-
buzzword pattern may lead to successful design outcomes
because of the existence of globally connected environments.
Global environments enable more people to interact with
design outcomes and find novel applications of them.

Questions to Consider

• How many people are involved in your
design activities?

• How are they connected?
• How many people are interacting with
your design outcomes? Via which chan-
nels?

• In which geographical zones are these peo-
ple located?

• How likely is that a change in remote re-
gions will influence your design activities?
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Increased mobile phone and internet usage. Source: International
Telecommunications Union.
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C. Learning and Creativity

Summary: Behaviors and expectations of people are continu-
ally changing due to their learning and creativity.

Related Patterns: co-evolution of problem-solution, the force
awakens, solution looking for a problem, design-by-buzzword,
you are a reflection of your design, commitment, cherry pick-
ing.

In a design activity, all involved stakeholders are continually
learning and discovering new things. Designers learn about
new technologies, user wishes, or new design methods, and
they may change their designs because of that. Challenging
or innovative designs require extensive investigation, ex-
perimentation, and iterative improvement based on lessons
learned. Fred Brooks even argued that in the design of radi-
cally new systems, because of the intensive learning process,
designers should plan to throw away the first system that
they build. They should then use the gained knowledge to
implement the system properly in the next run (Chapter
“You won’t get it right the first time anyway!”, in Brook
1995). Moreover, through design, we can learn lessons that
are usually difficult to obtain by other means (e.g. Obrenovic
2011).

Clients also learn about new technologies and other designs.
And if such learning is extensive, it may lead to significant
changes in their perceptions and expectations.

Even the design outcomes are nowadays becoming more
intelligent, being able to learn about the environment and
the user and to show some form of agency and intelligent
behavior (Holmquist 2017). The behavior of such systems is



Part III: Sources of Dynamics 97

dependent on the history of its usage and the context. It be-
comes challenging to anticipate responses of such systems in
all situations. Because of learning and creativity designers do
not workwith “mechanical” systems that react the same to the
same “stimulus.” Rather, because of learning and adaptation,
such “systems” may act and react or “behave” differently each
time they are approached.

Learning is also related to discovery and creativity. Boden
(2004) noted that people expect three elements of any creative
contributions: novelty, utility, and surprise. And designers are
expected to come upwith new and surprising solutions. Schön
(1983) used the notion of ‘surprise’ in his theory of creative
design. For Schön surprise leads to design situation framing
and reframing keeps a designer from routine behavior, and
drive the originality streak in a design project. However,
as a consequence, creativity and surprise, are also sources
of dynamic and arbitrary change – leading to additional
dynamics of design activities.

In addition to designers’ creativity, users and clients may
use design solutions in unexpected ways. As discussed in the
solution looking for a problem pattern, people may find new,
often surprising usages of design tools and methods.

Learning and creativity lead to constant changing of be-
haviors and expectations of people. This change contributes
significantly to the dynamics of design activities, and are
one of the main sources behind many patterns of dynamics
between elements of design activities. The co-evolution of
problem-solution pattern is often a consequence of learning
and creativity of both designers and their clients (e.g. Dorst &
Cross 2001). As designers engage in design activities, they will
discover new things about design situations. As a design out-
come begins to emerge, new implications may be discovered.
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When clients see initial sketches, prototypes, or some version
of design outcome, they may discover what they really want,
but also learn about new possibilities of used materials and
technologies, and as a consequence, they may change their
wishes. The force awakens pattern is partially a consequence
of people outside the design activity learning about the value
of the design outcome. This learning may lead them to react
in a way that may change our design situation. The solution
looking for a problem pattern is a consequence of people’s
creativity in finding new uses for existing solutions.

The design-by-buzzword pattern is frequently a consequence
of people’s curiosity and wish to learn new technologies.
Shane Greenstein (2018), for instance, noted that many people
enjoy acquiring expertise for its own sake, for the scientific
adventure of it, and for the hope of translating that expertise
into a great wave. He illustrated this point with an example of
a new generation of technological analysts that are educating
themselves on the nuances of the blockchain, concluding that
“some of this is about the money, but a lot of it is about
enjoying the adventure and becoming expert.”

The commitment pattern is closely related to learning, as com-
mitting to using some design resources facilitates learning
and mastering of its usage. The conformity pattern is partially
a consequence of design professionals being able to quickly
learning how to use the same popular design resource. The
eating its own dog food pattern is an attempt to stimulate
intensive learn within the design company about their de-
signs. And the you are a reflection of your design pattern is
a consequence of designers and organizations learning and
adapting to efficiently produce a particular design outcome.

The cherry picking pattern may be viewed as an attempt to
avoid risks and costs of extensive learning. In this pattern,
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designers know limitations of their resources and are applying
them only in situations where the resources have proved their
value and no surprises are expected.

Questions to Consider

• How do you come up with new ideas?
• How do you discipline your creativity?
• How do you stimulate your individual and
group creativity?

• How do you prevent being unnecessary
creative?

Creative usage of a pen as an “emergency” capo. People often find new
and surprising usages of artifacts. Credit: Larry Jacobsen / Wikimedia
Commons / CC-BY-2.0.
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D. Tacit Knowledge and Skills

Summary:Designers are relying on tacit knowledge and skills
that they do not fully understand and cannot fully explain.
Because of its implicit nature, it is hard to predict what effects
tacit knowledge will have in design.

Related Patterns: co-evolution of problem-solution, commit-
ment.

The term “tacit knowing” or “tacit knowledge” was first
introduced by Michael Polanyi, with his central assertion
being that “we can knowmore than we can tell.” (Polanyi 1966,
page 4). Polanyi analyzed diverse forms of tacit knowledge,
such as tradition, inherited practices, implied values, and
prejudgments.

Design is closely related to tacit knowledge. Design aims at
exploiting implicit, tacit knowledge and skills of designs and
other people involved in the design activity. Schön (1987)
calls such knowledge knowing-in-action, revealed only in the
way we carry out tasks and approach problems (page 25).
Schön elaborated that such knowledge can only be revealed
by the skillful execution of the performance. We are char-
acteristically unable to make it verbally explicit. In other
words, while we cannot explain such knowledge and skills,
we can demonstrate them by being engaged in a particular
activity. Cross similarly refers to “natural intelligence” of
design ability (Cross 1999), and “designerly ways of knowing”
(Cross 2006).

A design activity can set in motion our intuitive and tacit
knowledge accumulated through years of research and ex-
perience. And by engaging users in design, we may employ
their intuitive knowledge about their domains. Much of such
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valuable knowledge is not captured in existing theories and
guidelines. Glass, for example, noted that actions of designers
are often implicit and intuitive. He defined intuition as: “a
function of our mind that allows it to access a rich fund of
historically gleaned information we are not necessarily aware
we possess, by a method we do not understand” (Glass, 2006;
page 125). Glass elaborated that our unawareness of such
knowledge does not mean that we cannot use it.

Intuition, judgment and tacit skills play a critical role in un-
derstanding and setting problems from messy and ill-defined
situations (Obrenovic 2011). Tacit knowledge is often seen
as one of the most important characteristics of designers.
Moreover, we usually would not call some activity design if it
does not involve tacit skills (Weth 1999). Tacit knowledge and
intuition are often only available intellectual ‘tools’ by which
designers can handle real-world complexity.

Tacit knowledge is crucial in design, but because of its implicit
nature, it is hard to predict what effects it will have. Conse-
quently, tacit knowledge has a significant influence on the
dynamics of design activities. The co-evolution of problem-
solution pattern is often a consequence of actions based on
intuition, judgment, and tacit skills. For instance, tacit skills
are crucial to identifying design problems, especially in the
realm of complex human and social issues. The similar applies
to the commitment pattern as mastering usage of tools often
requires acquiring an extensive set of tacit knowledge and
skills.
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Questions to Consider

• What kind of tacit knowledge and skills you
use in your design activities?

• How are you developing these skills?
• How do you combine tacit (implicit) and
explicit knowledge?

• How do you capture and share tacit knowl-
edge?

• How do you plan activities that involve
extensive usage of tacit skills?

A designer sketching. Skills relevant to design require tacit knowledge,
not always known explicitly, even by expert practitioners, and which
is difficult or impossible to explicitly transfer to other people. Credit:
Hrvoje Abraham Milićević / Pexels.
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E. Social Dynamics

Summary: Design situations, resources, and outcomes are
complex socio-technical systems, with complex, difficult to
predict dynamics.

Related Patterns: the force awakens, design-by-buzzword,
conformity, commitment, your design is your reflection.

More than 80 years ago, the Hawthorne studies demonstrated
that no one interested in the behavior of people could consider
them as isolated individuals (Obrenovic 2014). These studies
initially aimed at studying the impact of material conditions
(e.g., lighting) on the productivity of workers. They discov-
ered that it makes no sense to study the productivity of work-
ers without taking into account factors such as motivational
and group influences, social status, informal communication,
roles, norms, job satisfaction, resistance to change, group
norms, worker participation, and leadership.

Everything that designers do relates to people and their social
relations. Every design activity is a field of complex social
dynamics. Social dynamics manifests itself through multiple
mechanisms, such as culture, values, norms, ethics, peer pres-
sure, charisma, honor, prestige, and so on. Social dynamics
affect design activates at all levels. Design situations are
complex social contexts, where people and their connection
are of primary importance. Design outcomes are never mere
material products but always change social dynamics. Some-
times changing the social dynamics may be the primary
goal of design activity, such as when we are designing new
processes or methods of works in organizations. And design
resources are not mere material things, but they come with
associated communities of producers, marketers, distributors,



Part III: Sources of Dynamics 104

practitioners, and education institutions.

Understanding the social context of design is crucial to its
success. There are many examples of products that failed due
to lack of understanding of the social context. The success of
some product in one country or culture does not guarantee
its success in another country or culture. Aaron Marcus,
for example, discussed that there are significant differences
between Western and Asian ways of communicating and
interacting and that these differences pervade all aspects of
how each group understands daily life and how each group
behaves in daily activities (Marcus 2003).

Clients perception of values and culture of companies and
their leaders can have a significant impact on adoption or
rejection of designed products. The success of Apple products,
for instance, is often associated with the charisma and legacy
of Steve Jobs. But there are also negative examples. In 2014,
for example, some users boycotted the Firefox Web browser
because of the CEO’s stance on gay rights. This boycott
significantly contributed to the pressure that led to the CEO’s
resignation (Obrenovic 2015). Similarly, in 2017 The Uber
CEO stepped down, due to the pressure caused by negative
publicity, such as the #DeleteUber campaign and the reported
incidents of sexual harassment⁴¹.

Design resources also have their social dynamics. Producers
of design resources may use different forms of social activates
and pressure to promote usage of their products. Organizing
social events, such as sponsored conferences and parties, are
all parts of carefully planned promotional activities. Each
design resource also has a community behind it, with its
own culture. Open-source projects, for instance, have an

⁴¹https://www.susanjfowler.com/blog/2017/2/19/reflecting-on-one-very-strange-
year-at-uber

https://www.susanjfowler.com/blog/2017/2/19/reflecting-on-one-very-strange-year-at-uber
https://www.susanjfowler.com/blog/2017/2/19/reflecting-on-one-very-strange-year-at-uber
https://www.susanjfowler.com/blog/2017/2/19/reflecting-on-one-very-strange-year-at-uber
https://www.susanjfowler.com/blog/2017/2/19/reflecting-on-one-very-strange-year-at-uber
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elaborate and sophisticated network of people working and
involved in them (Bach & Twidale 2010). These communi-
ties also organize various social events, such as conferences
or “meetups,” and promote ideas, values and best practices
through social networks, blog posts, journals, and books. Such
communities also have their thought leaders and influencers.
Recommendations of some of the famous and charismatic
thought leader may have a stronger impact on design decision
than any other factors.

The broader community of the discipline in which designers
operate may have a significant impact on their design deci-
sions. Such communities promote specific values and norms,
and define what is ethical, acceptable and not acceptable (e.g.
Goodman 2014, Williamson & Sundén 2016).

The structure of design outcomes is also related to social
dynamics of teams creating these outcomes. As illustrates by
Conway’s law (Conway 1968), communication structure of an
organizationmay be reflected in a designed system. And there
are a number of reported examples of “technical” problem,
that in the end turned out to be a consequence of social issues
(e.g. Matsudaira 2016, Kromhout 2018).

Social factors influence most of the patterns of dynamics of
design activities. The force awakens pattern is often a conse-
quence of complex social dynamics in society. The design-
by-buzzword pattern is in many ways a consequence of
social dynamics related to the adoption of new technologies.
Popularity and peer pressure may be a strong motivator to
buy some new product. And some users see it as a matter
of prestige to be among first adopters of some new product.
The conformity pattern may be viewed as a consequence of
workings of social mechanisms, such as peer-pressure in the
community of designers, popularity and fashion of some de-
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sign resources. The commitment patternmay be influenced by
social dynamics related to promotion of some design resource.
And the your design is your reflection pattern, particularly
at the organizational level (e.g., Conway’s law), is related to
social dynamics within design organizations and teams.

Questions to Consider

• What kind of culture your organization
has? What kind of cultures your customers
or users have?

• While designing, how do you take into
account cultural differences?

• What kind of political issues you face in
your design activities?

• Are you a part of a broader professional
community?

• What type of ethical consideration do you
meet in design activities?
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Floating market boats in Thailand. Designers should note consider peo-
ple as isolated individuals. Understanding the social context of design is
crucial to its success. Credit: Pxhere.
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F. Lack of Strong Principles,
Theories, and Laws

Summary:Designers are dealing with poorly understood phe-
nomena, for which we do not have strong underlying princi-
ples, theories, and laws.

Related Patterns: the force awakens, pandora’s box, co-evolution
of problem-solution, solution looking for a problem, design-
by-buzzword.

One common theme about previous sources of design dynam-
ics is that we are dealing with poorly understood phenomena.
Even though there are large numbers of “theories” today
about human factors, design processes, and tools, we do not
have “strong” theories in the sense that they can be used to
prescribe or predict design fully. Learning and creativity, for
example, depend on people’s intelligence, previous knowl-
edge and experience, motivation, context, and other factors.
Even when studied in more controlled settings, such as in
the classroom, learning and creativity are difficult to model.
In real-world situations, it is even harder to anticipate how
fast and what people will learn, how creative they will be,
and how this will affect their behavior. For example, when
introducing a new device, we require people to learn how to
use it. This learning process is a function of device design, but
other factors, such as peer pressure (e.g., number of friends
who have a similar device), can have even more impact on
motivation and learning. We do not have enough knowledge
to predict or simulate such processes reliably.

Brooks similarly argued that most of the design complexity
is arbitrary complexity, not coming from stable underlying
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principles, but forced, often without apparent reason, by the
human institutions and systems to which we must conform
(Brooks 1987):

“We are not alone in facing complexity. Physics deals with
terribly complex objects even at the ‘fundamental’ particle
level. The physicist labors on, however, in a firm faith that
there are unifying principles to be found, whether in quarks
or in unified field theories. Einstein repeatedly argued that
there must be simplified explanations of nature … No such
faith comforts the software engineer. Much of the complexity
he must master is arbitrary complexity, forced without rhyme
or reason by the many human institutions and systems to
which his interfaces must conform. These differ from interface
to interface, and from time to time, not because of necessity
but only because they were designed by different people…”

Lack of robust theories and underlying principles means
that it is not possible to reliably model or predict effects of
any design decisions. Designers need to be flexible and to
investigate continuously, experiment, and iteratively refine
their designs.

The lack of strong theories contributes significantly to the
dynamics of design activities. The force awakens and pan-
dora’s box patterns, for instance, are partially a consequence
of our inability to estimate the impact of our design efforts in a
broader context. The co-evolution of problem-solution pattern
partially happens due to lack of knowledge and theories about
a particular design situation and our inability to develop
sufficient understanding of the design situation beforehand.

On the other hand, the solution looking for a problem and
design-by-buzzword patterns, practically assume that our cur-
rent understanding and predicted usages of some technology
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are limited, and that new, unpredicted usages will emerge.

Questions to Consider

• Do you use any theories or models to ana-
lyze, predict or simulate elements of design
activity?

• How reliable are such models and theories?
• How do you approach poorly understood
situations and problems?
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Albert Einstein, Paul Ehrenfest, Paul Langevin, Heike Kamerlingh
Onnes, and Pierre Weiss at Onnes’s home in Leiden, the Netherlands
(1920). Einstein repeatedly argued that there must be simplified expla-
nations of nature. Credit: Wikimedia Commons.



Discussion and
Conclusions

Dynamics between elements of design activities lead to com-
plexity characteristic for design activities. While design situa-
tions, outcomes and resources are themselves complex struc-
tures, what makes a design activity additionally and charac-
teristically complex are interactions among these structures.
As illustrated with our patterns of dynamics, these interac-
tions challenge designers’ ability to deal with complexity as
any of these structures is subject to change, in difficult to
predict ways.

One of the central assumptions in this book is that design
complexity, as a consequence of dynamics of design activities,
should not be seen as a problem. We are not alone to make
this argument. Fred Brooks (1987), for instance, claimed that
descriptions of a (software) design that abstract away its com-
plexity often abstracts away its essence. Consequently, we
view the dynamics and unpredictability of a design process
as a defining characteristic of any design activity. Moreover,
we believe that a lack of stability is a requirement for any
process to be called design. If a process is more predictable
and stable, we would typically not see it as a design activity.
Or, at best, we would call it a routine design.

In many ways, unpredictable dynamics of design activities
is exactly the state that designers want and need. A fast-
changingworld, while being complex to understand andwork
with, is a rich source of design opportunities. Designers are
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expected to create new, surprising and creative outcomes
in domains where conventional, more structured approaches
may not work. They are supposed to dive into new areas, to
push the limits, rather than operate in standardized and well-
understood domains. This expectation, by necessity, leads to
an unstable process, in the sense that it is not possible to fully
prescribe or control it.

The key question is not how to make design activities stable
and entirely predictable, but how to deal with the resulting
complexity. In general, we can deal with complexity in two
fundamental ways: develop tools to reduce it when we can,
or learn to tolerate it when we cannot (Rubinstein 1986). Both
of these ways are relevant for designers. The design research
community has been working on developing tools to deal
with different forms of design complexity (e.g. Stolterman
2008, Montagne 2010). In software design, for instance, lots of
attention has been given to tools that can help developers to
avoid creating unnecessary complex system implementations
(Brooks 1995). However, less attention has been given to
acceptance and tolerance of design complexity itself. Robert
Glass (2006) claimed that it is unusual to find tolerance for
complexity amongmanagers, entrepreneurs, andmaybemore
surprisingly academics (page 104). The majority seems to
be looking for simple and elegant solutions. Glass, however,
argued, as we do, that we should accept complexity and
ambiguity in design, rather than trying to wish them away.

Accepting design complexity does not mean ignoring it. On
the contrary. Accepting complexity has to be combined with
more awareness about it. There is a strong need to be more
considerate about design complexity and its sources, and
invest more time in understanding and coping with it. With
this book, we want to increase awareness about complexity



Discussion and Conclusions 114

and its origins in design. Furthermore, we want to stimulate
designers and design researchers to approach the issues of
design complexity more thoughtfully.

Our patterns of dynamics also highlight the need for holistic
approach to designing. Many forces shape and influence
design activities. Without a pro-active approach to manage
and balance impacts of these forces, we may end up in design
activities that are driven by hype, fashion, and politics rather
than by the value delivered to users.

In addition to increasing the awareness, we believe that our
framework and patterns can give some insights about why
particular design approaches are more (or less) successful in
dealing with design complexity. For example, most designers
are well aware that due to the highly-interdepended nature of
design situations, outcomes, and resources, it is not possible
to work on one part of the design in isolation. For instance,
two of themost recognized design scholars Lawson (2005) and
Schön (1990) argued that design problems are rarely simple
problems with only one or two features, but that a whole host
of criteria must be satisfied and a multitude of constraints
respected. Lawson concludes that “the only way to keep them
all in mind at once, as it were, is to oscillate very quickly
between them like a juggler.” (page 151). Lawson also cites
Michael Wilford who compares architects to jugglers: “’[a
juggler] who’s got six balls in the air . . . and an architect
is similarly operating on at least six fronts simultaneously,
and if you take your eye off one of them and drop it, you’re in
trouble’.“ (page 151)
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Joggling (combined juggling and jogging). Designers are often compared
to jugglers operating on several fronts simultaneously. Credit: Owen
Morse / Wikimedia Commons.
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Experienced designers already understand that the “conven-
tional” ways of dealing with complexity cannot always be
applied in design. For instance, one of the most common ap-
proaches to deal with complexity is a separation of concerns
often called a divide-and-conquer approach. In this approach,
complex objects are divided into smaller more manageable
pieces. Each of the resulting less complex pieces can then
be handled more or less independently of other pieces. Hi-
erarchical organizations of systems, in general, follow this
approach. In design, however, it is normally not possible to
easily decompose problems into smaller chunks that can be
solved in isolation. Advanced designers are aware that it is
normally not possible to be a reductionist. In design, it is
usually not possible to reduce complexity by splitting the
problem into smaller chunks that designers can more easily
handle. Frosh nicely illustrates this issue with his view on
systems engineering and systems analysis (Frosh 1969):

“One of the key misassumptions in modern systems engi-
neering and systems analysis is that the total problem can,
and frequently is, decomposed into sub-problems; the sub-
problems can be solved more or less independently, and the
total solution can be synthesized by combination of the sub-
solutions, treating the interactions of the parts as ‘interfaces.’
The real world is, however, highly nonlinear, and unless
real attention is paid to this fact, the linear decomposition
treatment will fail catastrophically, because the interaction
terms may be as large as the sub-problems and not reducible
to simple interfaces. The result may well remain decomposed.”

Similarly, Rick Nason, in his discussion on complexity in
business, noted that complex problems involve too many
unknowns and toomany interrelated factors to reduce to rules
and processes (Nason 2017). Hendler et al. (2008) also noted
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that complex systems have emergent properties that are not
predictable by analyzing micro technical or social effects.

Design complexity, thus, needs to be addressed with other
approaches than decomposition and reductionism (e.g. Som-
merville et al. 2012; Stolterman 2008).

Experienced designers are aware that a designer never has
enough information to predict any aspect of a design re-
liably, and that it is therefore not always a good idea to
spend much time analyzing and theorizing about solutions
and potential consequences. Instead, attempting a solution,
making mistakes and learning from them is one of the most
important strategies that any designer use (e.g. Ball et al. 2010;
Gaver et al., 2009; Buxton 2007; Lamer 1989’ Linden 2010).
Henry Petroski, for instance, argues that the old dictum “form
follows function” is false and that the basic rule of design
evolution is “form follows failure” (Petroski 1994: p 22). He
argued that changes in the design, even for commonplace
things like forks and paper clips, are more motivated by the
things early designs do poorly than those things they do
well. Such flaws guide design decisions, as each new design
attempt is an attempt to correct flaws. In the domain of
software design, empirical studies similarly showed that good
software designers use a trial-and-error process. The purpose
of this process is to create mental models of a design solution,
while poor designers tend to seize on a solution with fewer
trials and errors (Curtis 1987; Adelson 1986). Or, as noted by
Sir Francis Bacon almost 400 years ago “truth will sooner come
out of error than from confusion” (Bacon 1620).

Probably the model that most closely describes the challenges
that designers face in dealing with complexity is the famous
Simon’s (1996) model of “bounded rationality.” It is the con-
cept that decision makers (irrespective of their level of intelli-
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gence) have to work under three unavoidable constraints: (1)
only limited, often unreliable, information is available regard-
ing possible alternatives and their consequences, (2) human
mind has only limited capacity to evaluate and process the
information that is available, and (3) only a limited amount
of time is available to make a decision. Even individuals who
intend to make rational choices are bound to make satisficing
(rather than maximizing or optimizing) choices in complex
situations. Decision-makers in this view are satisficing be-
cause they seek a satisfactory solution rather than an optimal
one.

The bounded rationality model reflects very well the de-
signers’ work. Designers are constantly making a complex
design decision, in fast-changing environments. The world is
changing fast, and designers need to make decisions before
they fully understand design situations to avoid creating ob-
solete outcomes. And increased interconnectivity makes such
changes quickly propagate in many parts of the world. Lately,
there has been some advancements based on Simon’s ideas,
such as the work of Hatchuel (2001). Hatchuel introduced
the model that emphasizes, even more, the need to handle
complexity as a designer, arguing that it is not possible to deal
with complexity by being comprehensive. Instead, he argues
for an explorative and judgment based approach.

We also see a strong movement from prediction based design
management toward management that adapts to change. Ini-
tiatives, such as rapid prototyping and agile software develop-
ment all emphasize the importance of constant adaptation to
change. Ries (2011) noted that old management methods, such
as long-term planning and forecasting, are not appropriate
in dynamic contexts. As suggested by Hales (1985) designers
need to be like chameleons, constantly adapting to dynamic
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environments.

Complexity in design means different things to someone who
is a researcher and someone who is a practicing designer.
Most researchers focus on one or a few of the patterns and
their relationships. However, a practicing designer does not
have such a choice. When engaging in real design activity,
a designer cannot decide to only pay attention to particular
patterns or relationships. A designer has to deal with the
full complexity. The recognition that most design research
only pay attention to some specific aspects of the complexity
of design practice was one of the motivations for creating
a framework that would make it possible to examine and
discuss design complexity without losing the overall view.

We believe that it is crucial to educate designers to be more
tolerant and thoughtful about design dynamics and com-
plexity. We can learn from successful designers who have
developed a range of approaches suitable for dealing with
design complexity. We hope that our book can facilitate such
knowledge transfer by providing the structure and vocabulary
to describe and correlate complex design experiences.
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A. Patterns of Dynamics: Summaries

Co-Evolution of Problem-Solution: A design situation and
designer’s understanding of the design situation (problem
definition) changes and evolves in parallel and under the
influence of design outcome and designer’s understating of
potential design outcomes (design solutions).

Puzzle Solving: A design situation is viewed as a clearly
defined and static problem (i.e., a problem that can be clearly
stated and where it is known what form the solution should
have). A design outcome is seen as a solution for this problem.
Design is viewed as a problem-solving activity.

A Solution Looking for a Problem: Understanding of a
design outcome and its possibilities leads to innovative usages
of the design outcome in situations and for problems that were
not initially envisioned.

Pandora’s Box: The consequences of a design outcome create
new situations that are perceived as problematic and may
ask for another design to improve it. A design outcome may
become more known for the problems it caused than for the
solution it provided.

The Force Awakens: Designer’s efforts to address some sit-
uation triggers reactions that radically change the original
design situation. Often such reactions make the intended
design outcome or a contribution of a designer obsolete or
irrelevant. Such responses would typically not occur without
the design activity.

Your Design Is Your Reflection: Design resources, as well
as the way how working with these resources is organized,
are leaving a characteristic signature on a design outcome.
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It is often possible to guess, from the design outcome, which
design resources designers used, and how the working with
the resources was organized.

You Are Reflection of Your Design: Design resources are
adapted to a design outcome, sometimes to the point that
the form and organization of design resources reflects the
intended shape of the outcome.

Design-by-Buzzword: A designer is joining a growing trend
in using some technology, often in an opportunist way. New
possibilities of design resources are shaping the design out-
come.

Conformity: To minimize risks in a new design situation,
designers use popular and proven resources with established
best practices. Such conformity may be driven by positive
experiences of others in similar situations, mere popularity
of design resources, or mandatory requirements. The usage
of a design resource further contributes to establishment
and reputation of the resource and its usage in new design
situations.

Commitment: In a new design situation designers use tools
they committed to beforehand.

Cherry Picking: Design situations are selected based on
how quickly designers can approach these situations with
preferred or available resources. Other situations are avoided.
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B. Patterns of Dynamics: Mottos

Co-Evolution of Problem-Solution: “If you want to change
something, you need to understand it, if you want to under-
stand something you need to change it.” (Gravemeijer and
Cobb 2006)

Puzzle Solving: “A problem well put is half solved.” (John
Dewey, The Pattern of Inquiry)

A Solution Looking for a Problem: “When humans possess
a tool, they excel at finding new uses for it.” (Nye 2006)

Pandora’s Box: “Everything we design has the potential not
only to solve problems but also to create new ones.” (Lawson
2005)

The Force Awakens: “How can something seem so plausible
at the time and so idiotic in retrospect?” (Bill Watterson,
Calvin, and Hobbes)

Your Design Is Your Reflection: “Every contact leaves a
trace.” (Edmond Locard)

You Are Reflection of Your Design: “We are what we
repeatedly do.” (Will Durant, The Story of Philosophy)

Design-by-Buzzword: “Projects that do not capitalize on
new opportunities will generally find their products unable
to compete.” Boehm and Bhuta (2008)

Conformity: “When in Rome, do as the Roman’s do.”

Commitment: “It is a poor craftsman that blames his tools.”

Cherry Picking: “Do one thing and do it well.”
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C. Sources of Dynamics: Summaries

The Moving Target Problem: Design situations, resources,
and outcomes change more rapidly than designers’ under-
standing of them. Consequently, designers need to work with-
out having significant experience with, and understanding of,
design situations, resources, and outcomes. Waiting to obtain
more knowledge and better understanding is risky as the
issues may quickly become less relevant or obsolete.

Increasing Interconnectivity: Design situations, design out-
come, and design resources are increasingly more globally
interconnected. Increasing interconnectivity means that there
are more ways or channels through which a design activity
may be influenced.

Learning and Creativity: Behaviors and expectations of peo-
ple are continually changing due to their learning and creativ-
ity.

Tacit Knowledge and Skills: Designers are relying on tacit
knowledge and skills that they do not fully understand and
cannot fully explain. Because of its implicit nature, it is hard
to predict what effects tacit knowledge will have in design.

Social Dynamics: Design situations, resources, and outcomes
are complex socio-technical systems, with complex, difficult to
predict dynamics.

Lack of Strong Principles, Theories, and Laws: Designers
are dealing with poorly understood phenomena, for which we
do not have strong underlying principles, theories, and laws.
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D. Questions to Consider

Co-Evolution of Problem-Solution:

• Do you continuously investigate, experiment, and itera-
tively refine your designs?

• How do you resolve uncertainties about design objec-
tives and their priorities?

• Do you use sketching and prototyping extensively?
• How do you estimate and plan projects with the co-
evolution pattern?

• How do you decide to design something new versus
buying it off-the-shelf?

• Are you reinventing the wheel by co-evolving solutions
for well-defined problems with off-the-shelf solutions?

• Are you guilty of the not-invented-here syndrome, rou-
tinely building yourself things for any issue you face?

• Have you ever used the off-the-shelf solution that was
not appropriate for your domain? What issues have you
faced?

Puzzle Solving:

• In your design activities, do you have lots of well-
defined design sub-tasks, such as algorithm implemen-
tation?

• Do you use a problem-solving approach for skills devel-
opment in education and training?

• Have you ever attempted to solve a problem only to
realize that the problem is not well defined?

• Have you ever successfully “solved” the wrong problem?
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• Have you ever created an unnecessarily complicated
solution because you had not well understood the prob-
lem?

A Solution Looking for a Problem:

• Have you ever designed something just for fun?
• Do you reserve time for experimentation and explo-
ration of new technologies and methods?

• Do you experiment with new technologies and practices
even if you do not have a business case nor a clear idea
about its usefulness?

• Do you experiment with new technologies enough to get
an opinion about them?

• Are you always playing it safe, using only well-proven
technologies and methods?

Pandora’s Box:

• How do youmanage the risk of encountering unforeseen
issues?

• How do you react when unexpected issues occur? Do
you have a process for it?

• Have you ever designed something that has caused
significant unforeseen problems?

• Have you ever regretted starting your design activity
because of these unforeseen problems?

The Force Awakens:

• How do you analyze the market and respond to changes
in it?
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• How do you anticipate the reaction of competition to
your design efforts?

• Have your design efforts ever cased other players (e.g.,
competition) to react strongly against your activities?

• Have you ever responded strongly to the design efforts
of others?

• Have you ever experienced the effect vaporware, a prac-
tice of announcing a product that does not exist to
gain a competitive advantage and keep customers from
switching to competing products?

Your Design Is Your Reflection:

• Do you have your design style? How much do you care
about it?

• Do you use templates and standard sets of technologies
and materials in your designs?

• Do templates and standards help you to simplify and
speed up your design efforts?

• Do these templates and standards limit your design
efforts?

• How do you ensure consistency (when needed) in mul-
tiple design activities?

• Is your organizational structure aligned with the struc-
ture of your design outcomes? How?

• Have you ever experienced the effect of Conway’s law,
where your designs copied the communication struc-
tures of your organization?

• Have you ever build unnecessary complex designs due
to wrong organizational structures?

• Have you ever experienced the effect of inverse Con-
way’s law, changing your organization to suit the design
outcome structure better?
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You Are Reflection of Your Design:

• How do you choose technologies, materials, and tools
for your designs?

• Do you have preferred tools and techniques?
• Have you ever obsessively used some technology or
method, even though it was not the most appropriate
for the task at hand?

• Do you adapt your organizational structures for your
designs?

• How much effort you spend maintaining your existing
designs versus creating the new ones?

• Are you being slowed down by the need to maintain
your previous (legacy) designs?

Design-by-Buzzword:

• Do you follow the latest trends in design tools and
materials, and are you quick to adopt them?

• Have you ever regretted being an early adopter of the
latest fads?

• Have you ever regretted not reacting soon enough to the
latest trends?

• How do you make decisions to adopt new technologies
and methods?

• Do you have organized events, such as hackathons,
to systematically, but with limited risk, explore new
opportunities?

Conformity:

• Do you use standard tools and methods with a signifi-
cant user base?
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• Are you an early adopter for some technologies and
methods?

• Are you practices, tools, and methods similar to prac-
tices, tools, and methods of other companies or institu-
tions?

• Do you have some unique practices, tools, and methods?
Why?

• Do you regret conforming to some standard practices,
tools, and methods, as they limit you?

• Are you dependent on a vendor for products and ser-
vices, and are unable to use another vendor without
substantial switching costs?

• Have you ever needed to change your design due to
government decisions?

Commitment:

• How much freedom do you have in choosing your
design resources?

• Do you have some design resources you are committed
to using most of the time?

• How do you learn new practices, tools, and methods?
When do you give up?

• Do you “eat your own dog food”?
• Have you ever regretted committing too much to some
practice, tool, or method?

• Do you have a golden hammer, applied obsessively to
many problems?

Cherry Picking:

• Onwhat types of design situations youwork on usually?
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• Do you specialize in any way?
• Do you say no to design opportunities outside your
specialization?

• How do you make sure not to overspecialize and be-
came irrelevant once your specialization is not anymore
needed?

• Which patterns of dynamics typically occur in your
design activities?

• Are there some patterns that occur more often than the
others?

• Are there some patterns that do not occur at all?
• How do you estimate the potential impact of your design
outcomes, both short and long term?

The Moving Target Problem:

• Are you working in a dynamic domain where things
change quickly?

• How do you balance the need to spend more time
understanding the situation and designing the outcome
versus producing results rapidly?

• How do you deal with uncertainty in design situations?
• How do you react to change?
• How do you respond to significant unforeseen prob-
lems?

• Have you ever canceled you design effort due to signif-
icant changes in design situation or resources?

Increasing Interconnectivity:

• Howmany people are involved in your design activities?
• How are they connected?
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• How many people are interacting with your design
outcomes? Via which channels?

• In which geographical zones are these people located?
• How likely is that a change in remote regions will
influence your design activities?

Learning and Creativity:

• How do you come up with new ideas?
• How do you discipline your creativity?
• How do you stimulate your individual and group cre-
ativity?

• How do you prevent being unnecessary creative?

Tacit Knowledge and Skills:

• What kind of tacit knowledge and skills you use in your
design activities?

• How are you developing these skills?
• How do you combine tacit (implicit) and explicit knowl-
edge?

• How do you capture and share tacit knowledge?
• How do you plan activities that involve extensive usage
of tacit skills?

Social Dynamics:

• What kind of culture your organization has? What kind
of cultures your customers or users have?

• While designing, how do you take into account cultural
differences?
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• What kind of political issues you face in your design
activities?

• Are you a part of a broader professional community?
• What type of ethical consideration do you meet in
design activities?

Lack of Strong Principles, Theories, and Laws:

• Do you use any theories or models to analyze, predict or
simulate elements of design activity?

• How reliable are such models and theories?
• How do you approach poorly understood situations and
problems?
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