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ABSTRACT

This paper suggests a framework for understanding and
manoeuvring design spaces based on insights from research
into creativity constraints. We define the design space as a
conceptual space, which in addition to being co-constituted,
explored and developed by the designer encompasses the
creativity constraints governing the design process. While
design spaces can be highly complex, our constraint-based
understanding enables us to argue for the benefits of a
systematic approach to mapping and manipulating aspects
of the design space. We discuss how designers by means of
a simple representation, a design space schema, can identify
the properties of the prospective product that s/he can form.
Through a case study, we show how design space schemas
can support designers in various ways, including gaining an
overview of the design process, documenting it, reflecting
on it, and developing design concepts. Finally, we discuss
the potentials and limitations of this approach.
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INTRODUCTION

'Design space' is an oft-used term in the DIS community
when practitioners and researchers describe and discuss the
design process. Since the use of space as a metaphor is
deeply embedded into our language — and as argued by e.g.
Lakoff & Johnson [22], consequentially also into our ways
of thinking and acting — it is not surprising that the notion
of space is also prevalent in design discussions. Even so,
there is no consensus as to the meaning of the term in
design research. In some instances, it refers to physical
spaces in which design activities are carried out, e.g. in
design studios or labs [25]; in other instances, it refers to
abstract, conceptual spaces in which designers navigate, as
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is e.g. the case with the notion of the 'third space' in the
encounter between designers and users in Participatory
Design [31]; and in other instances still, it refers to the
discourse on design. In some cases, the ambiguity of the
term can be beneficial, as it can serve as a conversational
boundary object [44] in discussions between different
practitioners and researchers in the field, the notion of space
being open enough for each part to embed his/her own
understandings into the term. Still, we argue that it is
beneficial to define the notion of design space in terms of
having more precise ways of addressing core issues in
design research; in terms of increasing designers' awareness
and overview of design processes; and in terms of making
specific design moves on the basis of this understanding.

As a first delimitation, the perspective on design spaces
presented here conceives design space as a conceptual
space, and we do not directly address the notion of physical
design spaces. As a second delimitation, our perspective is
informed by creativity research into constraints (e.g. [6,
34]). Traditionally, researchers in this field have studied
how constraints restrain the potential for creativity. In very
recent years, attention has turned toward the ways in which
constraints can simultaneously restrain and enable creative
thought and action, and how practitioners through insights
into constraints can manipulate them in order to further and
strengthen their creative process. Thus, we focus on the
components of the design space that can be manipulated. As
a third delimitation, we mainly address properties of the
potential future product of a design process, e.g. forms of
interaction and intended use situations.

The contributions of this paper are three-fold: (1) the
constraint-based articulation of the design space including a
discussion of this perspective; (2) a simple format for
documenting the manipulable components of the design
space called a design space schema; (3) an initial discussion
of ways in which practitioners can employ design space
schemas productively in design. In contrast to other kinds
of design representations capturing a specific design idea,
the design space schema specifically encapsulates a space
of opportunities.

The paper is structured as follows: We begin by offering an
overview of related work in order to ground and position
our work, primarily on the notion of design space, mapping
and documenting design processes and, not least, the notion
of constraints. We then present our constraint-based
framework for design spaces, including the design space
schema. In order to exemplify the framework in action, we



introduce and analyse an interaction design case in which
we have employed the framework. We discuss different
ways of manipulating and manoeuvring the design space
supported by this approach. Finally, we discuss the benefits
and pitfalls of this way of understanding the design space.

RELATED WORK

We propose a constraint-based approach to representing
central aspects of design spaces. Thus, we mainly position
our work in relation to three forms of related work, namely
contributions regarding the notion of design space, mapping
and documenting design and, finally, constraints.

The Notion of Design Space

As said, we address design spaces understood as conceptual
spaces, not physical spaces. In the past, a number of
contributions to design literature have studied design space
as a conceptual space although in quite diverse ways.

One of the early examinations of design space is found in
the literature on design rationale, which seeks to document
and analyse the underlying rationale for decisions made in a
design process. MacLean et al. [26] define a design space as
“a space of possibilities” (p. 203) and propose an approach
dubbed Design Space Analysis to examine why specific
possibilities were selected in the design process. McLean et
al. also offer a notation technique for protocol analysis,
‘QOC’, focusing on the questions that might be posed
regarding the shaping of an product (e.g. ‘how wide should
a scroll bar be?’), the options that were available (e.g.
‘narrow’ or ‘wide’), and the criteria by which options were
chosen in response to the question (e.g. ‘size of the screen’
and ‘ease of hitting the scroll bar with the mouse’). Here,
the design space is thus represented as discrete possibilities,
and the aim of the post-hoc design space analysis is to
uncover the line of reasoning behind a product. We find this
an interesting approach in terms of unfolding the design
process; however, we wish to move toward an approach
that can be used more actively in the design process proper,
and one that offers a more nuanced and broader overview of
the design space. This intent resonates with that of
Beaudouin-Lafon & Mackay [3], who broadly define a
design space as something “which constrains design
possibilities along some dimensions, while leaving others
open for creative exploration” (p. 9). Beaudouin-Lafon &
Mackay examine how prototyping can help designers
expand and contract the design space. More recently, this
understanding of design spaces is adopted by Benyon [4] in
relation to other design techniques, e.g. brainstorming and
the use of scenarios, but no further definition of design
space is developed. The arguably most thorough treatment
of the notion of design space is offered by Heape [19], who
also sees the design space a conceptual space constructed
by the designer, and concludes that “the design process can
be described as the construction, exploration and expansion
of a conceptual space; a Design Space” (p. 368). Heape
builds upon the work of Schon [38, 40], among others,
particularly in adopting a systemic and constructivist

approach to understanding the design space as something
that continuously develops in interplay (or conversation, to
use Schon’s terms) between the designer and the design
problem. Heape analyses a range of student design projects
and proposes an elaborate, if also fairly abstract, approach
to diagramming design spaces in terms of point clouds [19,
p. 305]. Our perspective is informed by both Beaudouin-
Lafon & Mackay [3] and Heape [19]. The former suggests
that the design space be understood as interplay between
constraints and design possibilities; a suggestion we seek to
expand and operationalize. The latter proposes a situated,
systemic understanding of the design space as an evolving
construct, and suggests an approach to mapping the design
process as a whole. This understanding of the design space
resonates with what we propose here, although we advocate
a more focused way of capturing and diagramming the
salient components of the design space that the designer can
form. In line with Heape, our understanding of the design
space is also influenced by Schon’s pragmatist perspective,
in which the designer plays a crucial role in constructing
and developing the design space through processes of
framing and inquiry.

Problem and Solution Space

In order to position our own conceptualisation of the design
space, it is necessary to distinguish our use of the term from
the notions of problem and solution space, which can be
traced back to the seminal work by Reitman [37], Simon
[43] and Simon & Newell [42]. According to Reitman, “a
sequence of problem transformations may be thought of as
a chain or path through a hypothetical problem space, with
an initial problem as origin and the current problem as a
temporary terminus” (p. 305) Thus, “each problem defines
a set of constraints that must be met by subsequent
transforms if they are to lead to a solution of that problem”
(ibid.). Informed by Reitman’s work, Simon [41] argues
that “[d]esign solutions are sequences of action that lead to
possible worlds satisfying specified constraints” (p. 124).
According to Dorst [15], this view on problem and solution
space comprises a rational problem-solving approach to
design creativity, and it constitutes one of two main
paradigms. As opposed to this, Dorst positions Schon’s [38,
40] view on design as a reflective practice with emphasis on
the unique characteristics of the individual design problem:
“[I]t is clear that a 'problem space' is not given with the
presentation of the design task; the designer constructs the
design world within which he/she sets the dimensions of
his/her problem space, and invents the moves by which
he/she attempts to find solutions” [39, p. 11, emphasis in
original]. Informed by both design creativity paradigms, but
building specifically on the latter, the arguably prevailing
understanding of problem and solution space is the so-
called integrative systems view [2], according to which the
problem space and the solution space co-evolve as argued
by Maher [28], Maher & Poon [29], Maher and Tang [27]
and Poon & Maher [36]. As Dorst & Cross [14] put it:
“Creative design seems [...] to be a matter of developing



and refining together both the formulation of a problem and
ideas for a solution, with constant iteration of analysis,
synthesis and evaluation processes between the two
notional design ‘spaces’—problem space and solution
space” (p. 434). Thus, as noted by Dorst & Cross, the
essential creative event in a design process is not primarily
seen as a creative forward ‘leap’ from problem to solution.
Rather, it is construed as the scaffolding of a ‘bridge’ that
identifies a specific problem-solution pairing. This is what
Schon [38] calls ‘problem framing’. Recently, Wiltschnig,
Christensen & Ball [49] have presented a similar argument
for the problem-solution co-evolution, only in their case it
is studied specifically within a collaborative setting. Here,
we subscribe to their deliberately broad definition of
problem space as “the required behaviour of the design”
and solution space as “the potential structural combinations
that constitute the design” (p. 516). In doing this, we wish
to demarcate our own constraint-based understanding of the
design space, as the terms ‘problem space’, ‘solution space’
and ‘design space’ are so closely connected (see e.g. Goel
& Pirolli’s [18] analyses of the ‘design problem space’).
Consequently, we will not explore in detail the conceptual
complexity among these three terms. We deem it more
fruitful to convey a specific understanding of the design
space as a widely adopted, yet hitherto vaguely defined, key
concept and point of reference in the design process.

Documenting and Mapping Design

We propose a simple annotation technique for capturing
salient components of the design space, entitled a design
space schema. This approach is informed by previous work
on documenting and mapping design. As said, Heape [19]
has proposed a notation technique for illustrating design
projects as design spaces, focusing on a designer's
exploration and experiments to create a composition from a
myriad of potential components. This is an inspiring, if also
very elaborate technique. Our approach builds more directly
upon a simpler notation, namely Zwicky’s [50] and Zwicky
& Wilson’s [51] work on morphological analysis, which
concerns the identification and investigation of the possible
relationships or configurations in complex problems.
Morphological analysis means identifying the parameters of
a problem and then finding the conditions for each
parameter. By doing so, an overview of the problem can be
established, and different configurations can be examined.
Zwicky [50] suggests that the parameters and conditions be
represented in a matrix, which informs our approach, since
it offers a very straightforward mode of mapping potentially
complex issues and interrelations between various
parameters of a design space, e.g. a simple matrix with
three parameters, each listing five conditions, can represent
125 different configurations. While Zwicky did not bring
morphological analysis to bear on design, a series of more
recent contributions have discussed different ways of
documenting and mapping design. Dalsgaard, Halskov &
Nielsen’s [13] work most clearly resembles Zwicky's
matrix approach in an examination of salient aspects in the

design of media fagades (the use of interactive technologies
to enhance building facades) such as the interplay between
different forms of interaction forms, content types and
physical materials. Prior to that, Lanzara & Mathiassen [23]
have proposed that different types of mapping design
processes can improve the managing of design processes,
e.g. by using diagnostic maps to identify perceived
problems in the design process, or by using historical maps
to outline the chronology of a project. Subsequently,
Dalsgaard, Halskov & Nielsen [12] have proposed three
types of maps for design reflection, i.e. overview maps for
capturing the general flow of a design process, strand maps
for focusing on the development of a specific concept
during a design process, and focal maps for describing and
reflecting upon a specific design event.

Creativity Constraints

As articulated by the said two design creativity paradigms
[15], conceptualising a given design task most often entails
finding an innovative solution to a creative design problem.
Since the influential work by Reitman [37] and Simon [41],
constraints have become part of not only a rational view on
design as advanced problem-solving, but integral to a
broadly accepted understanding of design. Chandrasekaran
[10] even argues that “[formally], all design can be thought
of as constraint satisfaction, and one might be tempted to
propose global constraint satisfaction as a universal solution
for design” (p. 65). Etymologically, the term constraint
suggests a merely restraining property, i.e. constraints as
“limitations on action [that] set boundaries on solutions”
[48, p. 198]. Even so, a number of researchers (e.g. [16, 20,
30, 32]), have stressed how constraints play a dual role by
also having an enabling character. As Boden [8] remarks,
“[c]onstraints on thinking do not merely constrain, but also
make certain thoughts - certain mental structures - possible”
(p. 58). Constraints appear in all creative domains, but are
often labelled as requirements, conditions, conventions,
rules, demands, etc., depending on the specific domain.
This diverseness causes a fragmented view on constraints
and their salient features. In order to bridge findings from
individual creative domains and design in particular, we
have elsewhere argued for adopting the proposed domain-
general unifying descriptor ‘creativity constraints’ meaning
“explicit or tacit factors governing what the creative agent/s
must, should, can, and cannot do; and what the creative
output must, should, can, and cannot be” [33, p. 8]. In our
comprehensive reviews of current contributions to research
into creativity constraints [5, 6, 35], we have shown how
creativity constraints in design are usually conceived as
exhibiting (at least) two salient features in addition to their
dual enabling and restraining character. These two features
concern mapping and manipulability of creativity
constraints. As for mapping, Elster [16] has offered an
extensive philosophical treatment of constraints and the
benefits to agency that they entail. Specifically, Elster has
built various typologies, notably the distinction between
intrinsic (i.e., material, situated, built-in), imposed (by



external stakeholders) and self~imposed (by the agent him-
/herself) constraints, albeit with no clear focus on creative
processes. Within creativity research, Amabile [1] has
established a generic typology of creativity constraints, but
with no particular focus on design. In terms of design
research, the argued main contribution has been offered by
Lawson [24], who has devised a (three-dimensional) cube-
like model of creativity constraints specifically adhering to
(architectural) design problems. While the model’s thirty-
two boxes pin down specific design challenges and
obstacles, it says less about the creativity constraints
pertaining to the creative design process itself. Stokes [46],
on the other hand, has presented a problem-solving model
that not only applies to (rational) problem-solving, but also
focuses on the mapping and manipulability of creativity
constraints of relevance to many creative domains. From
Reitman [37, see his so-called ‘open constraints’], Stokes
incorporates the idea that paired constraints direct and limit
search in a problem space, and from Simon [41, 43] that
search can only lead to novel solutions if the problem is ill-
structured [47, p. 174]. This leads Stokes to assert that
creativity constraints can be chosen and are indeed
manipulable throughout a creative process. While Stokes
[46, 47] covers a number of creative domains, she does not
investigate design. In our current conceptualisation of the
design space, therefore, we draw on previous and relatively
disjointed contributions, which each informs our work.
Specifically, we draw on our proposal of (a) creativity
constraints as a domain-general unifying descriptor; the
idea of (b) mapping creativity constraints in the tradition of
Amabile [1] and Lawson [24]; and the emphasis on the (c)
manipulability of creativity constraints as underlined by
Reitman [37] and further developed by Stokes [46, 47].
Finally, in prioritising creativity constraints as integral to
creative processes in general and design in particular, we
bring ourselves in accord with leading creativity researchers
Sternberg & Kaufman whose concluding chapter [45] in the
most recent edition of The Cambridge Handbook of
Creativity [21] stresses constraints as a pivotal growing area
of analysis in creativity research in a broad sense and thus
also in design.

A CONSTRAINT-BASED UNDERSTANDING OF DESIGN
SPACES

On the theoretical foundation presented above, we define a
design space as a conceptual space, which encompasses the
creativity constraints that govern what the outcome of the
design process might (and might not) be. A design space is
thus a construct, developed by the designer on the basis of
his/her knowledge and experience (or repertoire, in Schon's

terms) in response to external conditions such as the terms
of a contract, a design brief or the materials at disposal.
Since a design space is co-constituted by the designer and
the conditions of the design project, it changes not only
according to these conditions, but also when designers learn
more about the situation they as designers address, and
examine new approaches while discarding old ones.

Via the designers' mapping and evolving understanding of
manipulable, salient components of the design space, it may
come to be interpreted in new ways. Sometimes, this may
lead to interesting new combinations of existing parts; at
other times, it may show the limitations of what was
previously deemed a promising path for the project.

In addition to our constraint-based definition of the design
space, we propose a notation technique for capturing salient
components of a design space in a so-called design space
schema, which is based on previous research [12, 50, 51]. A
design space schema is basically a table consisting of
aspects (similar to what Zwicky denotes parameters) listed
in the top row and a number of options (or conditions, in
Zwicky’s terminology) for each aspect in the columns
below. As an example, consider the design space schema in
Table 1 representing the design space for the initial part of a
media architecture design project that our research group
has previously undertaken [13]. This design space schema
offers a systematic overview of key aspects of the media
facades at a given point in time: Display, Location,
Situation, Interaction, Content, Purpose and Experience.
For each of the aspects, the options in a specific column
represent a list of alternatives considered in the design
process, e.g. the display technology may either be LED
panels or projections. A particular use scenario or design
concept may be construed as a path through the design
space, e.g. ‘a bodily interaction fagade using projection
technology communicating information in a playful manner
when people arrive at the entrance of the building’.

As indicated by the ....” in the far right-hand side column,
more aspects may be added during the design process. Also,
an aspect may be eliminated or ignored. As regards a
specific aspect, options may similarly be added or removed
as the design process unfolds. Informed by creativity
constraint research, we consider the aspects and options to
be both restraining and enabling. On a concrete level, an
option represents a possible component in a design solution,
but at the same time, it can also rule out other components,
e.g. deciding on content for guidance may rule out
considering subtle experience. On a more abstract level, a
set of options can lead the designer to think in distinct ways

Display Location Situation Interaction Content Purpose Experience
LED Entrance Arrival Touch Guidance Information Playful
Projection Wall Exploration Gesture Ornaments Branding Subtle

Fagade Bodily

Table 1. The design space schema for a media architecture project.




about how to solve the problem at hand, while at the same
time function as blinkers that obfuscate alternatives. And
going further still, the act of physically noting down certain
parameters while leaving out others creates a tangible
design artefact, which can become a nexus for design
discussions and decisions. Using the terminology of Actor
Network Theory, the act of creating a design space schema
can be seen as a process of inscription: “An inscription is
the result of the translation of one’s interest into material
form” [9, p. 143]. This, says Callon (ibid.), can result in the
design space schema prescribing certain programs of action,
i.e. prompting designers to act in certain ways. This is not
necessarily a negative since design is as much about ruling
out undesired options as it is about selecting desired ones.
Still, it is an inherent part of creating a design space schema
that designers must consider.

A design space schema cannot capture all aspects of a
design process, nor is it meant to. It is developed to give an
overview of a complex situation in a straightforward and
accessible form. We propose it as a means for designers to
consider and map the aspects of the process that they find
most salient. As design spaces are dynamic and evolve over
time, a design space schema represents a moment in time,
and it also changes over the course of time. In the following
case study, we show how a design space schema transforms
in a design project, and in the discussion, we suggest
strategies for working with the schema, which designers
can employ to manipulate and manoeuvre the design space.

LEGO PROJECTED PLAY

We have applied the design space schema as a tool to
support design in several cases, and as our main case, we
here present and discuss Projected Play, an instance of
tangible 3D tabletops based on 3D projection. In this case,
we have primarily used the design space schema as a tool
for documenting and analysing the design process. We have
chosen this case due to its explanatory power in that it is a
concise example that enables us to show the constraint-
based approach and the design space schema within the
scope of the paper.

As described in [11], 3D projection on physical objects is a
particular kind of augmented reality that augments a
physical object by projecting digital content directly onto it.
Three-dimensional projection installations are based on
having an accurate 3D model of the physical part of the
augmented reality installation. In the digital 3D world, one
can produce digital content corresponding to the shape of a
physical object. By positioning and calibrating the
projection system so that the relationship of the projection
to the physical object corresponds to the virtual camera’s
relation to the 3D model, one can project the digital model
onto the physical elements of the installation, thereby
augmenting the physical object. The tangible 3D Tabletop
platform developed by our research laboratory, CAVI,
consists of a translucent table surface under which are
mounted two projectors and two cameras, see Figure 1.
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Figure 1. The Tabletop.

Above the table, two additional projectors are mounted (not
shown in Figure 1). The projectors underneath the table
display visuals on the table, while the projectors mounted
around the table project content onto tangibles on the table
surface, which are fitted with visual markers beneath their
bases. The visual markers and tracking software have been
custom-developed by our research laboratory.

Projected Play is a series of experimental prototypes
developed in collaboration with the LEGO Group. A recent
implementation was tested at LEGO World in Copenhagen,
Denmark, in 2013, a four-day event offering visiting
families the opportunity to play with LEGO. In this case,
we operate with two kinds of tangibles: cubes and stylised
buildings as featured on Figure 2.

Figure 2. Cubes and stylised buildings.

On the table surface, we have set coloured circles along the
edge of the table surface. When introduced onto the table,
all tangibles are white. The cubes produce virtual bricks
that are sprayed onto the table. When a cube is moved over
one of the circles, the cube is ‘filled up’ or ‘painted” with
the colour of the circle, Figure 3, and the bricks sprayed
from it now match that colour.

Figure 3. Painting a cube.

All cubes can push away the virtual bricks on the table,
which have 3D physics properties. When two coloured
cubes are close to each other, they flicker and exchange



colour. When a cube touches a building, a layer of bricks
gets filled with the colour of the cube, thereby enabling
users to paint buildings in different layers of colour, see
Figure 4. When a building is coloured from bottom to top, it
emits a large flash and blows away the virtual bricks.

Figure 4. Painting layers of a building.

THE LEGO PROJECTED PLAY DESIGN PROCESS

Here, we discuss how the design of the Projected Play
installation emerged through a series of design explorations
and design experiments. For the analysis, we apply the
design space schema as a framework for understanding and
manoeuvring design spaces at particular points in time of
the design process. First, we look into the design of the
Tabletop platform on which Projected Play is built.

The Tabletop Platform

Our research laboratory has previously built two interactive
tabletops; however, the tabletop surface of each of these
was considered too small for an event as big as LEGO
World, which attracts thousands of visitors.

Table 2 below represents an early version of the initial
design space as perceived by our team of engineers and
designers, and it captures the main aspects considered. The
design space at this point in time is of an engineering kind
consisting mainly of quantitative or measurable properties
such as the dimensions of the table (Height and Surface
Size). For some of the aspects, we consider sub-aspects,
like in the case of the projectors where we for each of them
consider aspects such as Lumens, Resolution, Number of
Projectors, and Throw (distance to the projection surface).
We could have represented it differently with four separate
design aspects for projectors, e.g. Top Projector Lumens,
Top Projector Resolution, with a separate column for each,
but for reasons of simplicity, we have chosen to gather
these aspects in a single aspect of the design space schema.
It should be noted that the projectors are a special part of
the design space, because our design team does not design
the projectors, but select them from a pool of commercially
available projectors. In order to simplify our presentation
here, the camera used for tracking objects together with
light sources under the table surface and aspect ratios of
projectors are design aspects not included in the design
space schema in Table 2.

Height Surface Size Top Bottom
Projectors Projectors
60 cm — 100 cm Length: Lumens: Lumens:
I5m-2m 1400 + 3000 2 x 2600
Width: Resolution: High Resolution:
08m-—15m Numbers: -4 Standard
Throw: Standard Numbers: [-2
Throw: Short

Table 2. Initial design space for the Tabletop platform.

A crucial part of the context for testing the first prototype
was the fact that it first of all was a busy venue with more
that 40,000 visitors over a four-day period including many
children of all ages. Therefore, it was important that the
table surface was of a size that could accommodate more
than just three or four people at a time, but also that the
height of the table would still allow smaller children to
reach the tangible object to be added to the set. In this
sense, a Height of no more than 80 cm — 90 cm was a
crucial constraint together with a Surface Size of the table
of around 1.2 m (width) by 1.8 m (length). Once settled on
these aspects, next to consider were the Bottom Projectors.
The tentative decision with respect to the size of the table
surface meant that two projectors were needed, each having
to cover at least half of the tabletop surface. In order to
respect the low height of the table, finding the proper short-
throw projector was a challenge. Looking into standard
projectors on the market led the designers to reconsider the
height of the table, which was increased slightly to fit with
the projectors with the lowest available short-flow distance.

The Top Projectors were selected based on experiences
from past 3D projection projects, which had made it evident
that high-resolution was crucial due to the acute projection
angle onto the tangible to be added later in the process.
Realising the next step in the process, it was also decided to
use two Top Projectors in order to cover projection on all
sides of the tangibles. Another aspect of the intended
context of use was the highly illuminated light condition at
the LEGO World site. This led to choosing Top Projectors
with high lumens specification available — with an eye
toward Cost. The number of projectors could have been a
potentially critical constraint, but the software infrastructure
previously developed in our lab was designed to manage, in
principle, an unlimited number of projectors.

The physical design, not least ease of transportation, was
another critical constraint. The cost of producing the table
was balanced out against the cost of transporting and setting
up the tabletop on-site outside our laboratory, which was
expected to occur on multiple occasions leading to the
physical design of producing the table in a collapsible form
made out of light-weight materials. The design decision
with regard to this aspect of the design space affected
previous decisions concerning another aspect, Surface Size,
which was adjusted slightly to a smaller size. Table 3 shows
the eventual design mapped onto the design space schema.



Height Surface Size Top Bottom
Projectors Projectors
93 cm Length: Lumens: Lumens:
1.44m 1400 + 3000 2 x 2600
Width: Resolution: Resolution:
1.14m 2 x 1920 x 1080 1280 x 800
Numbers: 2 Numbers: 2
Throw: Standard, Throw: Short,
1.50 — 1.80:1 0.53:1
1.60 —2.21:1

Table 3. Eventual design space for the Tabletop platform.

Projected Play

For the initial part of the design process, multiple ideas
were proposed and in order to structure design discussion,
the design space considered was represented as the schema
shown in Table 4. The design space schema conveys how
certain aspects of the design space are more concretely
considered than others. At this point, Content on Table
Surface was not addressed except for the consideration that
it most likely was going to be ‘LEGO-related’ whereas,
which we return to, the main focus was on the Basic Idea.
But first, it is important to note that Tangible Shape was a
particular concern, since we have previously implemented a
couple of other Tangible 3D Tabletop installations using
tangibles with very simple geometrical shapes, e.g. cubes
and boxes. However, for the current project, we wanted to
challenge our technical 3D projection setup, which we
believed could accommodate more complex shapes. Based
on past design experiments, we were very much aware of
how the 3D projection set-up constituted a constraint with
regard to how complex the Content on the Tangibles could
be. Due to the resolution of the visual material projected
onto the tangible, content could only be simple graphical
material, not text. Also, if we opted for tangibles of a more
complex form than before, this would be an even stronger
constraint on the content projected onto the tangibles.

Since we also had a research interest in experience design,
we included Experience as a separate design aspect to
capture our interest in designing for and studying emergent
and exploratory use. This design aspect thus constituted a
self-imposed creativity constraint. Use Situation as such is
not part of the actual design, but is intended to capture that
we were considering whether to design a single-user system
or a multi-user system. By addressing this aspect explicitly,
we later realised that we wanted to design for multiple user

groups at the same time. The pivotal aspect of the design
space was the Basic Idea for which we brainstormed many
candidates, including a game and a learning platform. The
brainstorming was guided, informed, and constrained by
many of the other aspects, but in different ways. The fact
that we had early on chosen a particular kind of experience
(emergent and exploratory) was a decisive constraint (a
concept presented in detail in [5]) having a profound impact
on the kind of Basic Ideas we considered and, not least,
chose to exclude, e.g. we did not explore in detail any
learning applications. Another insight was that the tangible
tabletop with multiple tangibles could potentially smoothly
accommodate two or more groups playing at the same time.
Likewise, the goal of pursuing design for exploratory
experience seemed to go hand-in-hand with the right
content on the tangibles. Also, the fact that the design and
implementation had to be completed within five weeks
constituted a process-oriented constraint.

The most significant design decision made was going for
designing not a game with specific rules or gameplay, but
an interactive installation with colour-changing tangible
objects. This decision led to modifications of the design
space considered, see Table 5. Some aspects were narrowed
down to a single option, e.g. the Basic Idea; other aspects
were expanded or elaborated in more detail, while some
remained fixed constraints, e.g. emergent and exploratory
Experience. Deciding on the Basic Idea directed focus on
other aspects, especially the two aspects related to the
tangibles. As first choice, it was decided to work with cubes
built from white LEGO bricks; a decision the designers felt
confident about when it came to adding visual material by
means of projection. Having decided on one of the options
concerning Tangible Shape, the designers turned to the
related aspect of Content on Tangible. Thus, the design
space schema was both a driver of the process and used as a
way of capturing (perhaps only tentative) decisions.

The choice of creating the tangibles out of LEGO bricks
enforced an inherent constraint on the complexity of the
tangibles. However, as it was a research goal of the project
to explore the boundaries with regard to the complexity of
the tangibles projected onto, it was decided to expand that
particular aspect of the design space. Building a car out of
white LEGO bricks was considered, but the decision was
soon made to go for something more basic, namely an
Asian-style tower and a simple stairway.

Content on Content on Tangible Shape Experience Basic Idea Use Situation
Table Surface Tangible
Simple and graphical Slightly complex Emergent Game Individual
LEGO style Cubes Exploratory Tetris game Social
Stairs Learning Multiple groups
Asian-style tower Walk-up and use

Table 4. Initial design space for Projected Play.



Content on
Tangible

Content on
Table Surface

Tangible Shape

Experience

Basic Idea Use Situation Interaction

Coloured spots in Mono-chrome LEGO | Cubes
LEGO primary colours | primary colours (red, | | EGO car

A sea of LEGO bricks | blue, green, yellow) .
Asian-style tower

Stairway

Emergent

Exploratory

Playing with colour- Individual Colouring of cubes
chz.mging LEGO Social Objects exchanging
objects ; colours

Multiple groups

Cubes colouring the

Walk-up and use ?
other objects

Table 5. Eventual design space for Projected Play.

Hitherto, Interaction as well as Content on Table Surface
had not been considered and constituted an empty corner of
the design space. Coloured spots for each of four primary
colours were added along the edges of the table, and
moving a white cube onto one of the coloured spots would
paint the cube in the corresponding colour. The Interaction
aspect of the design space was further expanded by adding
two more elements: (1) bringing two cubes close to each
others would trigger an exchange of colour between the two
visualised by a checkered animation; (2) moving a cube
close to a tower tangible or the stairway object would add a
coloured layer to the tangible. All design decisions were
guided by the constraints settled by the Experience aspect
and the concern for the Use Situation.

For the last part of the design process, a little more attention
was paid to the content of the tabletop by adding a sea of
floating LEGO bricks, which opened up an opportunity in
another part of the design space, Interaction. This led to the
additional feature that when the tower or the stairway-
tangible had been coloured by cubes, an explosion occurred
repelling the nearby bricks in the sea of LEGO bricks.

DISCUSSION

The issue of how design projects unfold and why design
concepts end up the way they do is integral to design
research. Here, we have defined the design space as a
conceptual space, which (a) encompasses the creativity
constraints that govern what the outcome of the design
process might (and might not) be; and which (b) is co-
constituted, explored and shaped by the designer during the
design process. Also, in order to study how design spaces
are established and transformed throughout a design
process, we have proposed a particular form of (c) schema
as a concrete means to represent the design space.

Using a specific design process as our object of study
enables us to identify a number of strategies that designers
apply when manipulating and manoeuvring the design
space. The design space schema enables the designer to
work both globally and locally in the sense of identifying
and addressing several aspects at a time versus working
with a single aspect at a time. This way of working is much
similar to creating horizontal and vertical prototypes [17].

Decisions about what to include in the design space schema
reflect what the designer perceives as pivotal aspects of the

design, thereby bringing to the foreground the most crucial
— and critical — aspects. Our present initial and limited study
of the use of the design space schema clearly suggests the
use of several strategies: (1) Dynamically removing and
adding aspects; (2) Dynamically removing and adding
options; (3) Brainstorming with regard to options within
one aspect; (4) Temporarily ignoring aspects; and (5)
Deciding (perhaps only temporarily) on one aspect to
consider the implication with respect to another aspect. In
our previous use of the design space schema, we have
applied the strategy of systematically combining all options
with regard to two or more aspects; however, we have not
observed this strategy in the current case.

In addition to (a) providing an overview of the design
space, the design space schema (b) directly supports
ideation; (c) serves as documentation; (d) supports internal
as well as external communication; (e) establishes a shared
understanding among design team members; and (f) serves
as a resource for reflection on a given design process.

The design space schema shares many similarities with
various kinds of design representations, but in contrast to
these, the design schema encapsulates not a specific design
idea but rather, as the term suggests, a space of
opportunities. Moreover, the design space schema thinking
offers a way of capturing how a design concept has evolved
over time, including decisions made and alternatives
considered. The design space schema helped us keep track
of aspects considered and which of those aspects that were
deemed the most important ones to consider. At the same
time, making parts of a design space explicit in a design
space schema may actually help in finding blind spots in the
design, e.g. the relation between tangible and tabletop
content in the specific case considered.

The design space thinking strategy may seem to potentially
encompass most aspects of the design process; however, as
we have briefly touched upon, focus is on the design itself,
not process-related aspects such as stakeholders, methods,
deadlines, money, skills of the design team members,
market considerations and more. In the case discussed, we
have included a single of the non-product oriented aspects,
namely context of use, since choosing LEGO World as the
venue for testing a tangible tabletop installation constituted
a crucial self-imposed creativity constraint that governed
the entire design process.



The research in this paper is limited by building mainly on
a single case, which raises the obvious question whether our
approach is worthwhile in other situations, e.g. in much less
open-ended design tasks like the design of an e-commerce
website, to give a more industry-oriented example.

We have argued for a constraint-based understanding of the
design space as a conceptual space, which (a) encompasses
the creativity constraints that govern what the outcome of
the design process might (and might not) be; and which (b)
is co-constituted, explored and shaped by the designer
throughout the design process. Also, we have argued that
the design space may profitably be represented in the form
of (c) a design space schema organised around options
subsumed under various aspects. This approach to a design
process enables and supports one particular kind of design
thinking for designers, and for researchers, the approach
provides a useful platform for conducting design research.
Compared to some of the other ways of conceptualising and
representing design, we argue that the creativity constraint-
based understanding of the design space we have presented
entails (at least) three advantages: (1) it is straightforward
in terms of mapping and visualisation; (2) it can be as
sketchy and simple or as comprehensive and detailed as the
situation requires; and, given the manipulability of the
design space schemas, (3) it is easy to use as a means to
manoeuvre and transform the design space.

We plan on advancing this research in several ways. As
regards the technical aspects, an obvious next step is to
examine the possibilities for implementing a tool for
capturing the design space, thereby making it less costly to
capture the design space at specific points in the design
process as well as help keep track of how the design space
is transformed throughout the process. As for the practical
use aspects, we plan on documenting and studying the
design space schema in use in a number of design cases in
which we will also introduce other representation and
documentation resources and tools in order to get a richer
understanding of the benefits and limitations of different
design representation tools, as well as the underlying
assumptions that such tools embody.

ACKNOWLEDGMENTS

We would like to thank our industry collaborator, LEGO.
This research has been funded by Aarhus University’s
interdisciplinary research centre for Participatory IT, PIT.

REFERENCES

1. Amabile, T.M. Creativity in Context: Update to "The
Social Psychology of Creativity.” Westview Press,
Boulder, CO, 1996.

2. Askland, H.H., Ostwald, M., and Williams, A. Changing
conceptualisations of creativity in design. Proc. Desire
2010, ACM Press (2010), 4-11.

3. Beaudouin-Lafon, and M., Mackay, W. Prototyping
tools and techniques, in Jacko, J.A., Sears, A. (eds.). The

Human—Computer Interaction Handbook. (2nd ed.).
Lawrence Erlbaum Associates, Hillsdale, NJ, (2003),
1017-1040.

4. Benyon, D. Designing Interactive Systems: A
Comprehensive Guide to HCI and Interaction Design.
Addison Wesley, Harlow, UK, 2010.

5. Biskjaer, M.M., and Halskov, K. Decisive constraints as
a creative resource in interaction design. Digital
Creativity 25, 1 (2014), 27-61.

6. Biskjaer, M.M. Self-Imposed Creativity Constraints.
PhD diss. Aarhus University, Aarhus, Denmark, 2013.

7. Biskjaer, M.M., Dalsgaard, P., and Halskov, K.
Creativity methods in interaction design. Proc. Desire
2010, ACM Press (2010), 12-21.

8. Boden, M.A. The Creative Mind: Myths and
Mechanisms (2™ ed.). Routledge, London, 1990/2004.

9. Callon, M. Techno-economic networks and
irreversibility, in Law, J. (ed.). 4 Sociology of Monsters:
Essays on Power, Technology and Domination.
Routledge, London (1991), 132-161.

10.Chandrasekaran, B. Design problem solving: A task
analysis. Al magazine 11, 4 (1990), 59-71.

11.Dalsgaard, P. and Halskov, K. 3D projection on physical
objects: Design insights from five real life cases. Proc.
CHI 2011, ACM Press (2011), 1041-1050.

12.Dalsgaard, P., Halskov, K., and Nielsen, R. Maps for
design reflection. Artifact 2, 3-4 (2008), 176-189.

13. Dalsgaard, P., Halskov, K., and Nielsen, R.: A design
space explorer for media fagades. Proc. OZCHI 2008,
ACM Press (2008), 219-226.

14.Dorst, K., and Cross, N. Creativity in the design
process: Co-evolution of problem-solution. Design
Studies 22, 5 (2001), 425-437.

15.Dorst, K. Describing Design: A Comparison of
Paradigms. PhD diss. Delft University of Technology
Press, Delft, Belgium, 1997.

16.Elster, J. Ulysses Unbound: Studies in Rationality,
Precommitment, and Constraints. Cambridge UP,
Cambridge, UK, 2000.

17. Floyd, C. A systematic look at prototyping, in Budde,
R., Kuhlenkamp, K., Matthiassen, L, & Ziillighoven, H.
(eds.). Approaches to Prototyping. Springer, Berlin,
(1984), 1-18.

18.Goel, V., and Pirolli, P. The structure of design problem
spaces. Cognitive science 16, 3 (1992), 395-429.

19.Heape, C. The Design Space: The Design Process as the
Construction, Exploration and Expansion of a
Conceptual Space. PhD diss. The University of
Southern Denmark, Senderborg, Denmark, 2007.



20.Joyce, C.K. The Blank Page: Effects of Constraint on
Creativity. PhD diss. University of California, Berkeley,
CA, 2009.

21.Kaufman, J.C., and Sternberg, R.J. (eds.). The
Cambridge Handbook of Creativity. Cambridge UP,
Cambridge, UK, 2010.

22.Lakoff, G., and Johnson, M. Metaphors We Live By.
University of Chicago Press, Chicago, IL, 1980.

23.Lanzara, G.F., and Mathiassen, L. Mapping Situations
Within a System Development Project. (DAIMI PB-179,
MARS report #6), Aarhus University, Denmark, 1984.

24.Lawson, B. How Designers Think: The Design Process
Demystified. Elsevier/Architectural, Burlington, MA,
2006.

25.Lucero, A., Vaajakallio, K., and Dalsgaard, P. The
dialogue-labs method: Process, space and materials as
structuring elements to spark dialogue in co-design
events. CoDesign 8, 1 (2012), 1-23.

26.MacLean, A., Young, R.M., Belotti, V.M.E., and
Moran, T.P. Questions, options, and criteria: Elements
of design space analysis. Human-Computer Interaction
6, 3-4 (1991), 201-250.

27.Maher, M., and Tang, H.-H. Co-evolution as a
computational and cognitive model of design. Research
in Engineering Design 14, 1 (2003), 47-64.

28.Maher, M.L. A model of co-evolutionary design.
Engineering with Computers 16, 3-4 (2000), 195-208.

29.Mabher, M.L., and Poon, J. Modeling design exploration
as co-evolution. Computer-Aided Civil and
Infrastructure Engineering 11, 3 (1996), 195-209.

30.McDonnell, J. Impositions of order: A comparison
between design and fine art practices. Design Studies
32,6 (2011), 557-572.

31.Muller, M.J. Participatory design: The third space in
HCI, in Jacko, J.A., Sears, A. (eds.). The Human-
Computer Interaction Handbook. Lawrence Erlbaum
Associates, Hillsdale, NJ, (2002), 1051-1068.

32.0Onarheim, B., and Wiltschnig, S. Opening and
constraining: Constraints and their role in creative
processes. Proc. Desire2010, ACM Press (2010), 83-89.

33.Onarheim, B., and Biskjaer, M.M. 2013. An
introduction to 'creativity constraints'. Proc. ISPIM 2013
(2013), 1-16.

34.0Onarheim, B. Creativity from constraints in engineering
design: Lessons learned at Coloplast. Journal of
Engineering Design 23, 4 (2012), 323-336.

35.0narheim, B. Creativity under Constraints: Creativity
as Balancing 'Constrainedness'. PhD diss. Copenhagen
Business School, Denmark, 2012.

36.Poon, J., and Maher, M.L. Co-evolution and emergence
in design. Artificial Intelligence in Engineering 11, 3
(1997), 319-327.

37.Reitman, W.R. Heuristic decision procedures, open
contraints, and the structure of ill-defined problems, in
Shelley, M.W., and Bryan, G.L. (eds.). Human
Judgments and Optimality. Wiley, New York City, NY,
(1964), 282-315.

38.Schon, D.A. The Reflective Practitioner. Basic Books,
New York City, NY, 1983.

39.Schon, D.A. Designing as reflective conversation with
the materials of a design situation. Knowledge-Based
Systems 5, 1 (1992), 3-14.

40.Schon, D.A. Educating the Reflective Practitioner.
Jossey-Bass, San Francisco, CA, 1987.

41.Simon, H.A. 1996. The Sciences of the Artificial. (3¢
ed.). MIT Press, Cambridge, MA, 1969/1996.

42.Simon, H.A., and Newell, A. Human problem solving:
The state of the theory in 1970. American Psychologist
26,2 (1971), 145-159.

43.Simon, H.A. The structure of ill structured problems.
Artificial intelligence 4, 3-4 (1973), 181-201.

44.Star, S.L., and Griesemer, J.R. Institutional ecology,
‘translations' and boundary objects: Amateurs and
professionals in Berkeley's Museum of Vertebrate
Zoology, 1907-39. Social Studies of Science 19, 3
(1989), 387-420.

45.Sternberg, R.J., and Kaufman, J.C. Constraints on
creativity: Obvious and not so obvious, in Kaufman,
J.C., and Sternberg, R.J. (eds.). The Cambridge
Handbook of Creativity. Cambridge UP, Cambridge,
UK (2010), 467-482.

46.Stokes, P.D. Creativity from Constraints: The
Psychology of Breakthrough. Springer, New York City,
NY, 2006.

47.Stokes, P.D. Using constraints to create novelty: A case
study. Psychology of Aesthetics, Creativity, and the Arts
3, 3(2009), 174-180.

48.Vandenbosch, B., and Gallagher, K. 2004. The role of
constraints, in Boland Jr., R.J., and Collopy, F. (eds.).
Managing as Designing. Stanford UP, Stanford, CA,
(2004), 198-202.

49.Wiltschnig, S., Christensen, B.T., Ball, L.J.
Collaborative problem—solution co-evolution in creative
design. Design Studies 34, 5 (2013), 515-542.

50.Zwicky, F. Discovery, Invention, Research - Through
the Morphological Approach. Macmillian, Toronto,
1969.

51.Zwicky, F. and Wilson, A.G. (eds.). New Methods of
Thought and Procedure: Contributions to the
Symposium on Methodologies. Springer, Berlin, 1967.






