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Abstract. A clear and unambiguous definition of the design concept would be
useful for developing a cumulative tradition for research on design. In this arti-
cle we suggest a formal definition for the concept design and propose a concep-
tual model linking concepts related to design projects. The definition of design
incorporates seven elements: agent, object, environment, goals, primitives, re-
quirements and constraints. The design project conceptual model is based on
the view that projects are temporal trajectories of work systems that include
human agents who work to design systems for stakeholders, and use resources
and tools to accomplish this task. We demonstrate how these two suggestions
can be useful by showing that 1) the definition of design can be used to classify
design knowledge and 2) the conceptual model can be used to classify design
approaches.

Keywords: design, information systems design, software design project, re-
quirements, goals, science of design.

1 Introduction

There have been several calls for addressing design as an object of research. Freeman and
Hart [1] call for a comprehensive, systematic research effort in the science of design:
“We need an intellectually rigorous, formalized, and teachable body of knowledge about
the principles underlying software-intensive systems and the processes used to create
them,” (p. 20). Simon [2] calls for development of a “theory of design” and gives some
suggestions as to its contents (p.134). Yet, surprisingly, it seems no generally-accepted
and precise definition of design as a concept is available.'

A clear understanding of what design means is important from three perspectives.
From an instructional perspective, it seems obvious that any designer’s education
ought to include providing a clear notion of what design is. Furthermore, better under-
standing what design is will inform what knowledge such education could include.

From a research perspective, in any theoretical or empirical work in which design
is a construct, a clear definition will help ensure construct validity. Furthermore, a
clear understanding of the meaning of design will facilitate developing measures of

' As an anecdotal note — we have asked colleagues in several conferences to suggest a defini-
tion for “design” (in the software and IS context) and often the responses indicated IS aca-
demics did not have a well-defined notion of the concept.
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design-related constructs, such as design project success. Moreover, building a cumu-
lative tradition of design research can benefit from having a well-defined, the alterna-
tive being different theories define design differently, or not defining it explicitly.

From a (software design) practitioner’s perspective, a clear definition of design can
help organize, share and reuse design knowledge. Such sharing can enhance software
project success and software development productivity. Furthermore, understanding
the elements of design would be useful in determining the issues and information that
need to be considered in the process of design and in planning this process.

Given the potential value of a clear definition of design, our objective here is to
suggest such a definition. We first seek to answer the question: what are the important
elements of design as a phenomenon? We then seek to situate design in a network of
related concepts.

We begin our discussion by making a distinction between the science of design and
the design science research paradigm as elucidated by Hevner et al. [3]. In their view,
design science research “builds and evaluates constructs, models, methods and instan-
tiations” with “design intent” ([4], p. 256). In contrast, Freeman and Hart [1] call on
the community to theorize and justify theories about design — what March and Smith
[4] call “natural science intent” (p. 256). Design science is a research paradigm, like
experimentalism. Science of design is a field of inquiry, like psychology. Here we
seek to primarily address issues related to the science of design.

The paper is organized as follows. First, we synthesize a definition of design by
applying concepts and suggestions in existing literature (§2). We then evaluate the
proposed definition in Section 3. Section 4 situates our view of design in a conceptual
model of software design projects. In Section 5, we demonstrate how the proposed
definition of design can be applied to indexing design knowledge for reuse and by
using the conceptual model of software design projects to classify design approaches.
Finally, we discuss the implications of our definition of design for current themes in
software design and requirements research (§6).

2 Proposing a Formal Definition of Design

2.1 Design in the Literature

We have conducted a review of existing definitions of the concept “design” in the
literature. A list of definition we examined is provided in the Appendix (Table 9). We
analyzed the definitions in three ways: first, we identified concepts that appeared
common to several definitions (Table 1). We then analyzed each definition as to
whether it appeared to have errors of omission or inclusion by testing them with re-
spect to a set of examples. We have found that all definitions included errors of either
kind or both. The detailed analysis is provided also in Table YY (Appendix). Finally,
we have identified four main areas of disagreement among the definitions.

While most of the areas of agreement seem reasonable, a few appear problematic.
First, some definitions confuse design with good design, adding desirability criteria to
the definition, as evidenced by words like “optimally” [5] and “optimizing” [6]. De-
signs might be suboptimal, but we still call them designs. Second, organizing does not
necessarily constitute design, for example, when someone returns books to their
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Table 1. Frequency of Common Concepts in Analyzed Definitions

Concept Frequency
Design as a process 11
Design as creation 11

Design as planning

Design as a physical activity (or as including implementation)
System (as the object of the design)

Design as being deliberate, or having a purpose, goal or objective
Design as an activity, or a collection of activities

Design as occurring in an environment (or domain/situation/context)
Artifact, as the object of the design

Needs or requirements

Design as a human phenomenon

Design as organizing

Parts, components or elements

Constraints or limitations

Process (as the object of design)

Design as creative

Optimizing

Design as a mental activity

Resources
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proper shelves in a library, one is organizing the books into a pre-designed arrange-
ment rather than actively performing a design task. Third, four definitions state or
imply that design is strictly a human phenomenon. However, machines can also de-
sign objects (e.g., Bradel and Stewart [7] report on the design of processors using
genetic algorithms).” Fourth, while many designers are surely creative, not all design
need involve creativity. For example, design might involve relatively minor modifica-
tions to a previously created design.

Finally, we mention the four areas of disagreement we have identified. First, dif-
ferent objects of design arise: system, artifact and process. Second, disagreement
exists concerning the scope of design: where or when a design begins and ends. Third,
some definitions indicate that design is a physical activity, others a mental activity.
Fourth, some disagreement concerns the outcome of design: is it a plan, an artifact, or
a solution?

2.2 Suggesting a Definition of Design

In this section, we develop our proposed definition of design. First, Eekels [8] differ-
entiates between the subject of the design and the object of design. The subject of the
design is the (often human) agent that manifests the design. The design object is the
thing being designed. Design outcomes such as an artifact, a system or a process that
appear in some existing definitions are encompassed here by the more general term,
design object.’

2 Some research indicates this might also be the case for animals (see [9] and [10]).
? Note: often the object is called an artifact, when designed by humans. The more general term
object allows (in principle) for non-human agents such as animals and computers.
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Some definitions mention parts, components or elements of which the design ob-
ject is, or is to be, composed. Obviously, all artificial physical things are made from
other things. These other things might be given, or also are composed of components.
We term the lowest level of components primitives. Similarly, but perhaps less obvi-
ously, if we assume that atomic conceptual things, such as a single thought or idea,
are not designed (but discovered or just are available), then all conceptual things that
are designed are made from other conceptual things. Therefore, all design involves
components, or primitives, which are, or can be, assembled or transformed to create
the design object.4 March and Smith [4] note that “Technology includes...materials,
and sources of power” (p. 252). Materials and sources of power would be included in
the set of primitives.

The outcome of a design effort is not necessarily the design object itself, but may
be a plan for its construction, as pointed out by the definitions that characterize design
as planning rather than building. The common factor here is that the agent specifies
properties of the design object: sometimes as a symbolic representation, as in an ar-
chitectural blueprint, sometimes as a mental representation, as in the picture in the
painter’s mind, and sometimes as the artifact itself, as in a hand-carved boomerang.
We call the specified properties of the design object a specification. More specifi-
cally, a specification is a detailed description of a design object’s structural proper-
ties, namely, what primitives are assembled or modified and, if more than one com-
ponent is used, how primitives are linked together to make the artifact.’

Practically speaking, a specifications document might include desired behaviors as
well as structural properties. From the perspective of this paper, these desired behav-
iors are requirements — they are not strictly part of the specifications. The object’s
behavior emerges from the behavior of the individual components and their interac-
tions. By behavior we mean the way the object responds to a given set of stimuli from
its environment (including agents who interact with the artifact).

The specification may be purely mental, provided in a symbolic representation,
presented as a physical model, or even manifested as the object itself.

Churchman [11] points out that “Design belongs to the category of behavior called
teleological, i.e., "goal seeking" behavior,” (p. 5). Many of the definitions we sur-
veyed also included the concepts of goal, purpose or objective. It is possible the goal
is not explicit or not well-defined. However, a design effort is always intentional. For
example, a social networking web application can be designed, without having an
articulated explicit goal, based only on the vague idea that it would be useful (and
fun) to have an online space where people could connect. We would still say the web
application was designed. On the other hand, accidental or unintentional discoveries
are not really designed. Thus, goals are inherent to design insofar as a designer must

* What the set of available primitives is can be a relative issue. A designer might be given a set
of components, or component types, where each might be in turn composed from lower level
components. We consider primitives the set of component-types available to the designer,
independent of whether they are natural, or the outcome of previous design. Furthermore,
even if the components are not yet available, a designer might proceed assuming they will be
available. The assumptions made about these components will become requirements for their
design.

3 This notion of specification agrees with that of Bourque and Dupuis ([14], p. 1-3), that design
is the activity that produces “a description of the software’s internal structure”.
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have intentionality. However, this should not be interpreted as a requirement that a
design goal is or can be explicitly specified and articulated.

Many definitions characterize the design process as occurring within an environ-
ment, domain, situation or context. Design involves two different environments: the
environment of the design object, and the environment of the design agent. As pointed
out by Alexander [12] “every design problem begins with an effort to achieve fitness
between two entities: the form in question and its context.” Clearly, the design proc-
ess or activity also occurs within some environment, even if that environment is diffi-
cult to characterize. March and Smith [4] mention the “organizational setting” (p.
252) and Hevner et al. [3] refer to “organizational context” (p. 77). For instance, the
software created by a developer is intended to operate in a different environment than
the developer. For the environment of the artifact the qualifier “organizational” is not
always valid because, for some design objects, the environment does not have to be
an organization (e.g. the environment of a pacemaker is a human body).

Many definitions also mention needs or requirements and limitations or con-
straints. The issue of requirements requires a clarification. If we interpret require-
ments strictly as a formal requirements document or as a set of mathematically
expressible functions (as in [13]) the system is to perform, then requirements are not
absolutely necessary. The primitive hunter who fashions a spear from a branch speci-
fied the spear’s properties by creating it — without an explicit reference to formal
requirements (let alone mathematically definable functions). However, in the sense
that every designer expects or desires of the design object to possess certain properties
or exhibit certain behaviors, requirements are inherent to design. Requirements are a
major construct in requirements engineering and software design (see, for example
[15] and [16]).

Similarly, all design must involve constraints. Even if the design agent had infinite
time and resources, physical design is still constrained by the laws of physics, virtual
design by the speed and memory of the computational environment, and conceptual
design by the mental faculties of the design agent. Constraints are a major construct in
engineering design (see [2] and [17]). However, we note that, as for goals and re-
quirements it is possible constraints are not stated or perceived explicitly.

The above analysis leads to the following suggestion for the definition of design
(modeled in Figure 1). Table 2 further describes each concept in the definition.

Considering design as a process (depicted in Figure 2), the outcome is the specifi-
cation of the design object. The goals, environment, primitives, requirements and
constraints are, in principle, the inputs to the design process; however, often knowl-
edge of these may emerge or change during the process. Nevertheless, the design
process must begin with some notion of the object’s intended environment, the type
of object to design and some initial intentions. By initial intentions, we simply mean
that design cannot be accidental — the design agent must have intentionality. Finally,
if the type of design object changes significantly (e.g., from a software system to a
policy manual), the existing design effort is no longer meaningful and a new design
effort begins. The possibility of changing information is related to the possibility that
the design process involves exploration. It also implies that the design might evolve
as more information is acquired.
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Design

(noun) a specification of an object, manifested by some agent, in-
tended to accomplish goals, in a particular environment, using a set of
primitive components, satisfying a set of requirements, subject to some
constraints,

(verb, transitive) to create a design, in an environment (where the

designer operates)

i t
creates
Design 5a »-[ Specification |«
) il
Agent
of an
S
is intended to accomplish ) is subject to .
Goals | S e Object ) »| Constraints
ﬂuated in an s comp+osed of satisfies
Environment I Requirements

Fig. 1. Conceptual Model of Design (as a noun)

Table 2. Definitions of Design Concepts

Concept

Meaning

Design Speci-
fication

Design Object
Design Agent

Environment

Goals

Primitives

Requirements

Constraints

A specification is a detailed description of an object in terms of its structure,
namely the components used (out of the set of possible types of primitives)
and their connections.

The design object is the entity (or class of entities) being designed. Note, this
entity does not need to be a physical object.

The design agent is the entity or group of entities that specifies the structural
properties of the design object.

The object environment is the context or scenario in which the object is intended
to exist or operate (used for defining design as the specification of an object).

The agent environment is the context or scenario in which the design agent
creates the design (used for defining design as a process).

Goals are what the design object should achieve; goals are optative (i.e.
indicating a wish) statements that may exist at varying levels of abstraction
[18]. Since the designed object exists and/or operates in an environment,
goals are related to the impact of the artifact on its environment.

Primitives are the set of elements from which the design object may be com-
posed (usually defined in terms of fypes of components assumed to be available).
A requirement is a structural or behavioral property that a design object must
possess. A structural property is a quality the object must posses regardless
of environmental conditions or stimuli. A behavioral requirement is a re-
quired response to a given set of environmental conditions or stimuli. This
response defines the changes that might happen in the object or the impact of
these changes on its environment.

A constraint is a structural or behavioral restriction on the design object, where
“structural” and “behavioral”” have the same meaning as for requirements.
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Fig. 2. Context-level Conceptual Model of Design (as a Verb)

2.3 What Can Be Designed and Examples of Design Elements

“What can be designed?” is a difficult ontological question, one we are not sure we

can answer completely. However, we have identified at least six classes of design

object:

e physical artifacts, both simple, such as boomerangs (single-component), and
composite, such as houses (made of many types of components)

e processes, such as business workflows

e symbolic systems, such as programming languages

e symbolic scripts, such as essays, graphic models, and software (which, in turn,
prescribe the behavior of other artifacts, i.e. computers)

¢ laws, rules and policies, such as a criminal code

¢ human activity systems, such as software development projects, committees,
schools, hospitals, and artistic productions (e.g. operas)

Clearly, the nature of a specification depends on the class of design object since the
structure and components of; for example, a law would be very different from those
of a physical object.® For simple artifacts, such as a one-piece racket or a metal blade,
the specification would include structural properties such as shape, size, weight and
material. For a composite physical artifact, such as a desk, the specification would
include the primitive components and how they are connected. Since a process is ‘a
set of partially ordered activities aimed at reaching a goal’ [19], a specification of a
process might identify the activities and their order (although other approaches are
possible — e.g. using, Petri Nets [20] or states and events [21]). For a symbolic sys-
tem, the specification might include syntax, denotational semantics and (for a spoken
language) pragmatics. A symbolic script can be specified by symbols and their

® It is of interest to see how some of the concepts can be applied to non-physical artifacts such
as a law. Although a law clearly is a designed (albeit conceptual) artifact, the notion of a “be-
havior” of a law might not be clear. One possibility would be the conditions under which it is
invoked. Likewise, constraints with respect to laws can be a constitution or cultural values
that limit the types of laws that can be enacted.
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arrangement. A policy or law can be specified in some (possibly formal) language.
The specification of a human activity system might include the various roles and tasks
and their relationships and interactions.

Furthermore, all of the elements from the definition of design might vary depend-
ing on the object type. Table 3 provides examples of each design element for each
type of design object.

2.4 Scope of Design

According to the perspective on design expressed in this paper, design (as a verb) is
the act of specifying the structural properties of an object, either in a plan, or in the
object itself. Because design is an activity, rather than a phase of some process, it may
not have a discernable end point. Rather, it begins when the design agent begins
specifying the properties of the object, and stops when the agent stops. Design may
begin again if an agent (perhaps a user) changes structural properties of the specifica-
tion or design object at a later time. This defines the scope of the design activity.

Our definition does not specify the process by which design occurs. Thus, how one
interprets this scope of activities in the design process depends on the situation. If a
designer encounters a problem and immediately begins forming ideas about a design
object to solve the problem, design has begun with problem identification. If require-
ments are gathered in reaction to the design activity, design includes requirements
gathering. In contrast, if a designer is given a full set of requirements upfront, or gath-
ers requirements before conceptualizing a design object, requirements gathering is not
part of design. Similarly, if the construction agent refines the specification (a possible
occurrence in software development), construction is part of design, but if the de-
signer creates a complete specification on paper that the construction agent follows,
construction is not part of design. Any activity, including during testing and mainte-
nance, that involves modifying, or occurs within an effort to modify, the specification
is part of design. Therefore, design practice may not map cleanly or reliably into the
phases of a particular process, such as the waterfall model [22].

This distinction has particular bearing for software design, where a significant de-
bate over the scope of design exists. On the narrow-scope side, Bourque and Dupuis
[14], for example, define design as:

the software engineering life cycle activity in which software requirements
are analyzed in order to produce a description of the software’s internal
structure that will serve as the basis for its construction, (p. 3-1).

On the broad-scope side, Freeman and Hart [1], for example, argue that:

Design encompasses all the activities involved in conceptualizing, framing,
implementing, commissioning, and ultimately modifying complex systems—
not just the activity following requirements specification and before pro-
gramming, as it might be translated from a stylized software engineering
process, (p. 20).

One way of interpreting this debate is as follows. Proponents of a narrow scope of
the design process posit that all inputs to design (goals, environment, primitives,
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requirements and constraints) are fully defined before any property of the object has
been decided. Furthermore, the design phase results in a full specification of all rele-
vant object properties before coding begins. In contrast, proponents of a broad scope
of design recognize that properties of the object are often defined during requirements
elicitation or, at the opposite end - during coding. Moreover, design might not begin
with a complete knowledge of all information needed. And the process might include
obtaining additional information. Which side of this debate better reflects software
design practice is an empirical question; the proposed definition of design is compati-
ble with either.

3 Evaluating the Proposed Definition of Design

In this section we evaluate our definition of design, based on the degree to which it:

e Satisfies a set of four definition evaluation criteria (Appendix, Table 8)
e Incorporates areas of agreement in existing definitions (Tables 1 and 4)
e Resolves disagreements in existing definitions (§2.1)

e Appears usable and useful.

3.1 Definition Evaluation Criteria

Coverage. Whether a definition has proper domain coverage (i.e. can account for all
phenomena in the domain to which it applies) is an empirical question, akin to a uni-
versal hypothesis. Therefore, the definition cannot be proven to be correct; however,
it could be shown to have coverage problems by a counter example. Thus, we evalu-
ated the definition by testing it against a diverse set of examples (such as those in
Table 3). We found that the examples could be described in terms of the seven pro-
posed aspects of design.

Meaningfulness. This refers to the requirement that all terms used have clear mean-
ing. We have defined explicitly all terms having imprecise everyday meanings in
Table 2.

Unambiguousness. This refers to the requirement that all terms used have unique
meaning. All terms with potentially ambiguous meanings are defined. All terms not
explicitly defined are intended in the everyday sense, that is, as defined in the diction-
ary. Where terms have multiple definitions, the intention should be clear from the
context.

Ease of Use. The proposed definition is presented in natural language, and is seg-
mented into clearly distinct elements, to ensure clarity for both practitioners and re-
searchers. It is consistent with everyday notions of design and differentiates design
from related terms such as invention, decision-making, and implementation. Table 3
provides examples of the elements of design to facilitate use of the definition.
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3.2 Areas of Agreement

The relationship of each area of agreement to the proposed definition is analyzed in
Table 4. Aspects of design mentioned in the literature that we demonstrated should
not be included are marked “discounted.” As can be seen in the table, all areas are
accommodated explicitly or implicitly.

Table 4. Incorporation of Areas of Agreement

Concept Consistency with Proposed Definition

Design as a process implicit in the verb form of the proposed definition
Design as creation explicit in the verb form of the proposed definition
Design as planning encapsulated by the design ‘specification;” however,

planning may be lightweight, especially where specifi-
cation occurs simultaneously with creating the object
System (as the object of the design) included in the more abstract term, design object
Design as being deliberate, or having explicitly included as goals
a purpose, goal or objective
Design as an activity, or a collection  implicit in the verb form of the proposed definition
of activities

Design as occurring in an environ- explicitly included as environment

ment (or domain/situation/context)

Artifact, as the object of the design included in the more abstract term, design object

Needs or requirements explicitly included as requirements

Design as organizing Discounted

Parts, components or elements explicitly included as primitives

Design as a human phenomenon Discounted

Constraints or limitations explicitly included as constraints

Process (as the object of design) included in the more abstract term, design object and
listed as one of the main categories of design objects

Design as creative Discounted

Optimizing Discounted

Resources implicit in primitives and the verb form of the proposed
definition (since creating something always uses re-
sources)

3.3 Areas of Disagreement

The proposed definition address each of the four areas of disagreement among exist-
ing definitions described in §2.1. First, different objects of design arise: system,
artifact and process. We addressed this by using the more general term, design object
and suggesting major categories of such objects. Second, disagreement exists
concerning the scope of design: where or when a design begins and ends. We dis-
cussed this issue in §2.4. Third, disagreement exists as to whether design is a physi-
cal or mental activity. Clearly, design (for humans) is mental activity, albeit one that
may be supported by physical activities (such as drawing diagrams or constructing
physical models). The fourth disagreement, concerning what can be designed, was
addressed in §2.3.
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3.4 Usefulness and Usability

We suggest that the proposed definition of the design concept can inform practice in
several ways. First, the elements of the definition (excluding agent) suggest a framework
for evaluating designs: specification — is it complete? object — did we build the right
thing? goals — are they achieved? environment — can the artifact exist and operate in the
specified environment? primitives — have we assumed any that are not available to the
implementers? requirements — are they met, i.e., does the object possess the required
properties? constraints — are they satisfied? Second, the breakdown of design into ele-
ments can provide a checklist for practitioners. Each element should be explicitly identi-
fied for a design task to be fully explicated. For example, a project team might not be
able to provide consistent and accurate estimates of design project costs if crucial ele-
ments are unknown. Third, a clear understanding of design can prevent confusion be-
tween design and implementation activities. Such confusion might lead to poor decisions
and evaluation practices. For example, a manager who needs to hire team members for a
project might view programmers as implementers only (not understanding the design
involved in programming) and thus look for the wrong sorts of skills in applicants.
Fourth, the elements of design can also be used to specify and index instances of design
knowledge for reuse. This is demonstrated in §4.

4 A Conceptual Model for the Design Project

We now propose a conceptual model (a set of concepts and their relationships) for
design-related phenomena.” Here, we limit our discussion to design within the infor-
mation systems field. Specifically, we view design as a human activity that occurs
within a complex entity, which can be thought of as a human activity system. Alter
[23] defines a work system as “a system in which human participants and/or machines
perform work using information, technology, and other resources to produce products
and/or services for internal or external customers,” (p. 11). Expanding on this con-
cept, we suggest that a project is a temporal trajectory of a work system toward one
or more goals; the project ceases to exist when the goals are met or abandoned. Fol-
lowing this, we define a design project as a project having the creation of a design as
one of its goals. This relationship is shown in Figure 3.

Hun;antA(r:Tt]lwty Project
yste . _1
is a temporal
? trajectory of a ?
Work System Design Project

Fig. 3. Design Project Generalization Relationship. Shaded arrow indicates relationship; un-
shaded arrow indicates generalization.

" We note that to define a conceptual model of a domain, one needs to define the concepts used
to reason about the domain (and their relationships). Such a conceptual structure is an ontol-
ogy. Hence, we view our proposal as a conceptual model and as an ontology of concepts.
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Fig. 4. Design Project Conceptual Model. Shaded arrows indicate reading direction, unshaded
arrows indicate generalization, shaded diamonds indicate composition; all relationships many-
to-many unless otherwise indicated.

The design project is the central concept of our conceptual model (depicted in Fig-
ure 4). Each concept is defined and each relationship is discussed in the following
section (except the concepts from the definition of design, defined in Table 2).

Notes. 1) The relationships between the definition-of-design elements (e.g. con-
straints) and the other design project conceptual model elements (e.g., knowledge) are
omitted to maintain readability. 2) The relationships between design approach and
elements other than design project are unclear at this time and left for future work. 3)
All shown concepts are implicitly part of the work system within which the design
project takes place. 4) Creates is shown in this diagram as a relationship between
design team and design, whereas Fig. 1 depicted creates as a relationship between
agent and specification. In a design project, the design team is the agent. Furthermore,
since the design project conceptual model includes the design concept, the model
shows that the design team creates the design, which is a specification.

4.1 Discussion of Concepts

Alter [23] identifies nine elements of a work system:

e Work practices
e Participants
e Information



116 P. Ralph and Y. Wand

Technologies

Products and services the work system produces
Customers for those products and services

Environment that surrounds the work system
Infrastructure shared with other work systems
Strategies used by the work system and the organization

Since a design project is a trajectory of a work system, it should share all of these
elements. Furthermore, since a design project is particular type of project, it should
have properties not necessarily shared by other projects and work systems. Here, we
discuss each element of the conceptual model, the relationships among elements, and
the correspondence between elements of the conceptual model and elements of a
work system. The conceptual model includes all the work system elements and, in
addition, several elements specific to design projects, such as design approach.

Activities. Activities include the specific behaviors engaged in by participants in the
design project. These may include interviewing stakeholders, modeling requirements,
evaluating proposed design, etc. Activities exist at differing levels of granularity; for
instance, modeling can be further divided into sub-activities such as writing scenarios,
drawing entity relationship diagrams and then comparing the data models with the
scenarios.

Participants and Stakeholders. Alter [23] defines participants as the “people who
perform the work,” (p. 13). Because individual participants vary among projects, we
use the generic label, stakeholder. A stakeholder [24] is a person or entity with an
interest in the outcome of the project. Design projects may have different types of
stakeholders we specifically indicate the designer type for obvious reasons.

Designer. A designer is an agent that uses his or her skills to directly contribute to the
creation of a design. This concept is specific to design projects.

Knowledge. Stakeholders may have and use knowledge during their involvement
with the design project. In our interpretation, knowledge includes the kinds of infor-
mation and knowhow used by stakeholders in a design project. To define knowledge,
we extend the definition suggested by Bera & Wand [25]: given the states of the agent
and the environment, knowledge is the information that enables an agent to select
actions (from those available to the agent) so as to change the current state of affairs
to a goal state. The design project can create knowledge as it proceeds — a tenant of
the design science research paradigm [3].

Skill. A skill is a combination of mental and/or physical qualities that enable an agent
to perform a specific action. Skills differ from knowledge as the latter enable one to
select actions.

Technologies. Technologies are artificial, possibly intangible, tools and machines.
Technologies can be used by the design team to create the design.

Design. The design, defined above, is the product that the design project aims to pro-
duce. This concept is specific to design projects.

Environment and Infrastructure. Fig. 4 combines Alter’s environment and infra-
structure constructs because both represent aspects of the project that are outside its
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scope. Checkland [26] argues that, to properly model a system, the analyst must first
model the system it serves. This wider system served by a design project is its envi-
ronment. Alter [23] argues, “the work system should be the smallest work system that
has the problems or opportunities that are being analyzed,” (p. 22). Following this,
then, the environment is the smallest coherent system served by the design project.

The environment construct is a potential source of confusion because Design Pro-
ject and Design both have environments. The design project’s environment is the
work system in which the project occurs; the design’s environment is the context in
which in the object is to operate.

Design Approach and Strategy. A design approach is a set of beliefs about how
design (and related activities) should be done. Examples include The Unified Soft-
ware Development Process [27], and the Systems Development Lifecycle [28], [29].
According to Alter, “Strategies consist of the guiding rationale and high-level choices
within which a work system, organization, or firm is designed and operates” (p. 14,
[23]). As a design approach contains rationale and is implemented as choices, it corre-
sponds to Alter’s strategy construct. A design project may explicitly instantiate a
formal design approach by using some or all of its elements. If a broad scope of de-
sign is taken (§2.4), a design approach can refer to the entire development process
from problem identification to implementation and maintenance.

We have adopted the more general term, design approach, in lieu of design process
or design methodology because what is referred to as “design process” often contain
much more than a set of activities. Moreover, methodology is an overloaded concept
used both as a formal word for ‘method’ and as the systematic study of methods. The
design process concept is specific to design projects.

Design Team. All designers involved in a project comprise the design team. The
design team engages in activities and uses technologies to create the design and other,
intermediate artifacts. This concept is specific to design projects.

Artifacts. In this model, artifact is used in the broad, anthropological sense of any
object manufactured, used or modified by agents in the design project. Examples
include conceptual models, software development environments, whiteboards, and
e-mails.®

Metric. A metric is a way or standard of taking a measurement, where measurement
refers to a process of assigning symbols (often numbers) to an attribute of an object or
entity (see [30], [31], [32]), and also the symbols assigned. In the case of a design
project, metrics are used for evaluating specifications, designed objects, or the design
project, among other things.

Design Worldview. Worldview is a way of translating the German word “Weltan-
schauung” meaning a way of looking onto the world. It is sometimes used in social
sciences to indicate a set of high level beliefs through which an individual or group
experiences and interprets the world. A precise definition of this concept is elusive. In
Table 5 we suggest some possibilities for classifying Worldviews in the design con-
text. Weltanschauungs are not mutually exclusive, i.e., a project could adopt several.

8 This is not to be confused with the artifact that is the object of design.
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Table 5. Identified Design Weltanschauung

Weltanschauung Description

Proponents / Examples

Problem Solving  Design can be seen as an attempt to solve a [2], [3], much of the design
known problem, a view characterized by the  science and engineering
beliefs that a problem exists and is identifiable literature.
and that the success of a design is related to
how well it solves the problem.

Problem Finding Design can be seen as an attempt to solve an ~ [33], much of the require-
unknown problem, implying that understand- ments engineering litera-
ing the problem is part of the design process.  ture

Epistemic Design can be seen as a learning process [26]
where actions that can lead to improvements
to the current situation (in the eyes of stake-
holders) are discovered.

Inspiration Design can be seen as a result of inspiration,  the design of Facebook
i.e., instead of beginning with a problem, de-  [34]
sign begins with an inspiration of the form
‘wouldn’t it be great if....°

Growing Design can be seen as growing an artifact, [4], [35]

progressively improving its fit with its envi-
ronment and purpose.

Some design projects may explicitly adopt one or more design Weltanschauung.
However, even without such an explicit view, every project participant brings a view
of design to the project, and the combination of these views comprises the project’s
collective Weltanschauung. This concept is not necessarily common to all work
systems.

4.2 Evaluation of the Conceptual Model of Design Projects

To evaluate the set of concepts underlying the proposed conceptual model, we use
evaluation techniques suggested for ontologies. Ontology evaluation can proceed in
several ways. The competency questions approach [36] involves simultaneously dem-
onstrating usefulness and completeness by analytically proving that the ontology can
answer each competency question in some question set. The ontology is then consid-
ered complete with respect to that question set. In contrast, Noy and Hafner [37] sug-
gest two dimensions of ontology quality: coverage and usefulness. Coverage can be
demonstrated by comparing an ontology to a reference corpus: terms in the corpus
that do not fit into the ontology indicate lack of coverage. They further point out that
“An important way of evaluating the capabilities and practical usefulness of an ontol-
ogy is considering what practical problems it was applied to” (p. 72).

Since the proposed “ontology” is not intended to answer particular questions,
evaluation with respect to coverage and usefulness seems preferable. Assessing the
conceptual model’s coverage is beyond the scope of this paper; however, a possible
approach is evident. By surveying a range of design approaches, e.g. The Rational
Unified Process, Agile Methods, The Waterfall Model, The Spiral Model, etc., A list
of design concepts can be generated and compared to the proposed conceptual model.
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Coverage can be measured by the extent to which these revealed concepts match the
proposed concepts (usually as instances of the generic concepts suggested above).

We address usefulness in section (§5.2) by demonstrating how the conceptual
model can be applied in principle to the practical problem of classifying and contrast-
ing design approaches.

5 Potential Applications

In this section we discuss possible applications of the proposed definition of design
and of the design project conceptual model. First, we suggest the use of the elements
of the definition of design to classify and index design knowledge. Second, we dis-
cuss the use of the design project conceptual model for comparing and classifying
approaches to software design.

Application 1: Design Knowledge Management System

The importance of reuse in software development has been widely recognized. For
example, Mili, et al. [38] state that software reuse “is the (only) realistic opportunity
to bring about the gains in productivity and quality that the software industry needs”
(p. 528). Ambler [39] suggests a number of reuse types in software engineering, di-
vided into two broad categories: code reuse and knowledge reuse.

Code reuse includes different approaches to organize actual code and incorporate it
into software (e.g., libraries of modules, code fragments, or classes) and the use of
off-the-shelf software. Code repositories can be considered design knowledge bases.
Though some authors (e.g., [35]) argue that the best mechanism to communicate de-
sign is the code itself, sharing design is not the same as sharing design knowledge.
Even well-commented code does not necessarily communicate design knowledge
such as the rationale for structural decisions (e.g., why information was stored in a
certain structure).

Knowledge reuse refers to approaches to organizing and applying knowledge about
software solutions, not to organizing the solutions themselves. It includes algorithms,
design patterns and analysis patterns.” Perhaps the most successful attempt to codify
software design knowledge is the design patterns approach. A design pattern is an
abstract solution to a commonly occurring problem. The design pattern concept was
originally proposed in the field of architecture [40] and became popular in software
engineering following the work by Gamma et al. [41]."

Despite the apparent benefits of sharing design knowledge, it has been observed
that it is difficult to accomplish. Desouza et al. [42] claim that “Experts and veterans
continue to shun reuse from public knowledge spaces” and that when the needed

Other approaches to organizing software development knowledge include Architectural
Patterns, Anti-Patterns, Best Practices and development methods. As well, standards and
templates (e.g., for documentation) can be considered organized knowledge.

' The Portland Pattern Repository (http://c2.com/ppr/) is an example of a design pattern re-
pository that could be called a design knowledge base.
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artifact “was not found in their private space ... it was also less costly for them to
recode the desired artifact than to conduct a global search for one” (p. 98). This indi-
cates the difficulties of locating needed design knowledge (or other software arti-
facts). One way to facilitate search is to classify and index design knowledge on
meaningful dimensions. We now demonstrate by example how the proposed defini-
tion of design can provide such dimensions and thus help index instances of design
knowledge.

An Example. In programming, an iterator object traverses a collection of elements,
regardless of how the collection is implemented. Iterators are especially useful when
the programmer wants to perform an operation on each element of a collection that
has no index. The iterator design pattern is a description of how best to implement an
iterator. Table 6 shows how the design knowledge represented by the iterator design
pattern might be indexed using the elements of the proposed definition of design.
Note that, in this application the goals, requirements, etc. are properties of the iterator,
not of the design pattern. The goal of the design pattern, for instance, is to explain
how to implement an iterator (and not to traverse a collection).

Table 6. Example of Design Knowledge Indexing

Object Type | Symbolic Script

Object Iterator

Agent application programmer

Goals access the elements of a collection of objects

[Environment | object-oriented programming languages

Primitives primitives and classes available in object-oriented programming languages

Requirements| have a means of traversing a collection, be implementable with respect to a
variety of collections, etc.
Constraints must not reveal how the objects in the collection are stored, etc.

By classifying design knowledge according to these dimensions, a designer can ask
questions of the form ‘are there any design patterns (object) for traversing a collection
(requirement) in an object-oriented language (environment)?” We suggest that such
classification can help organize and share design knowledge and thus help improve de-
signers’ effectiveness and efficiency in locating and applying useful design knowledge.

Application 2: Design Approach Classification Framework

Classifying design approaches is important for several reasons. First, practitioners
need guidance in selecting appropriate design approaches for their situations. Second,
such classification can facilitate comparative research on approaches. Third, it can
guide the study of the methods employed by experienced developers (which, in turn,
can inform research on software design and software processes).

At least two types of classifications of design approaches are possible. First, a clas-
sification can be based on the actual elements (e.g. steps, interim products) that com-
prise a design approach or process. This can be termed a “white-box” approach.
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Second, a classification can be based on the environment that “surrounds” a design
approach. For example, specific objectives of the approach, the view of design it
embeds, and the roles of stakeholders. This can be termed a “black-box” approach.

We suggest that the proposed design project conceptual model can be used to cre-
ate a black-box classification scheme for design approaches. In the following we
demonstrate how this can be done by examples. Using dimensions derived from the
design project conceptual model, Table 8§ classifies three design approaches: the Soft
Systems Methodology [26], Extreme Programming [35] and the Rational Unified
Process [16]. We chose these three because they are each prominent in the literature
and represent significantly different perspectives.

6 Discussion and Implications for Software Design Research

6.1 Completeness, Design Agency and Software Architecture

For years, researchers have argued that informal specifications may suffer from in-
completeness (e.g., [43]). Above, we defined a specification as a detailed description
of an object in terms of its structure, namely the components used and their connec-
tions. This allows a more precise characterization of incompleteness. We suggest that
a design specification is complete when the relevant structural information that has
been specified is sufficient for generating (in principle) an artifact that meets the re-
quirements. a

Based on the notion of completeness we have defined above, we can now identify
three forms of incompleteness. First, relevant components or connections may be
missing. For example, the specification for a bicycle may be missing the qualification
that the tires be attached to the rims. Second, a particular component or connection
may be insufficiently described. For example, it may not be clear from the specifica-
tions how the tires should be attach to the rims or which tire to use. (Please note, here
we are not distinguishing here between incompleteness and ambiguity.) Third, a com-
ponent may not be part of the set of primitives but can be designed based on existing
primitives or other components. The design will not be complete until specifications
exist for all such components.

Completeness is not an end state for a design specification. Future changes in the
set of primitives may render a previously-complete specification incomplete. Fur-
thermore, many researchers now agree on the importance of “the fluidity, or contin-
ued evolution, of design artifacts,” ([44], p. 36). In situations where future conditions
are difficult or impossible to predict, one response is to focus on the evolvability and
adaptability of the design object [2], [45]. The characterization of design advanced
here provides important implications for design fluidity. First, specification complete-
ness does not imply constancy. A design specification can clearly be evolved over
time by its original creator, the design object’s users, or others, to respond to changing
conditions. Furthermore, the elements of the proposed definition enumerate classes of

" Since it is impossible to list all of the properties of any object, we limit our discussion to
“relevant” properties, i.e., a sufficient subset of properties to allow a “generating machine”
(e.g., a human being or a manufacturing robot) to deterministically assemble the object.
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possible changing conditions, in response to which the design object or specification
might need to evolve. For example, the specification might be modified in response to
changes in the environment. Finally, the set of requirements might contain stipula-
tions for a design object’s evolvability by end-users or others.

This raises questions of who exactly, in a typical software project, is the design
agent? We have defined the design agent as the entity or group of entities that specifies
the structural properties of the design object. When users are involved in design,
whether a user is part of the design agent depends on the nature of his or her involve-
ment. Simply providing information, such as requirements, does not make a user part
of the design agent, nor does testing and giving feedback. To share in design agency,
the user must make at least one structural decision regarding the design object. As a
complete discussion of this issue would require incorporating the vast literature on
authority and organizational power (e.g., [46], [47]), here we simply point out that
official authority to make a structural decision does not necessarily coincide with the
practical reality of who makes a decision. The key to identifying the design agent is in
separating those individuals (or groups) who provide information about constraints,
primitives and the other design elements, and those that decide on structural properties.

Another theme currently gaining significant attention is software architecture [44].
Software architecture is the level of design concerned with “designing and specifying
the overall system structure,” ([48], p.1). This presents a possible difficulty: if a speci-
fication is a description of the components of a design object and their relationships,
which components and relationships are parts of the software architecture? How does
one distinguish high-level components and relationships from low-level ones? A
design specification for a complex system might exist simultaneously at many levels
of abstraction. Alternatively (and perhaps more likely) high-level components are
defined in terms of lower-level components and these are defined in terms of even
lower-level components, etc., until everything is defined in terms of primitive
components. In this multilevel view of design, the software architecture concept is a
threshold above which is architecture, and below which is “detailed design.” Is this
threshold arbitrary? At this time, we can only suggest these fundamental questions
about software architecture as topics for future research.

6.2 Implications for Research

The proposed characterization of design also gives rise to several implications for
design research. To date, much design research has been prescriptive, addressing
practical recommendations and guidance for software development; yet little theoreti-
cal, and even less empirical, treatment of software design exists [49]. This has led to
many calls for field research in this area (e.g., [1], [49]). Defining design as the proc-
ess by which one specifies an object’s structural properties raises several important
research topics:

1. How is software designed in practice?
2. To what extent is each element of the proposed definition (requirements, primi-
tives, etc.) known when design begins?
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3. Can a single theory explain all of the diverse behaviors involved in software de-
sign?

4. How do designers discover each kind of information?

5. What factors influence design project success?

Put another way, academic treatment of software design may involve developing
and testing interdependent process and causal theories of design. Process theories can
be used to explain how design occurs.'? Causal theories deal with effects of some
variables on others and can be used to suggest how to design better.

6.3 Goals Versus Requirements in Information Systems Development

The notion of goal is considered essential in requirements engineering as the concept
that captures the motivation for developing a system (“why”) and the way to define
objectives at various level of abstraction [18]. Our definition of design includes both
goals and requirements. We now describe briefly how these two concepts are related
within this context.

We start by observing that in the information systems context, a design object is an
artifact situated'® in an environment termed the application domain and designed to
support activities of the application domain. Typically, the application domain is an
organizational setting such as a business or a part of a business. The application do-
main itself operates within an external environment. For example, a business is em-
bedded within a business environment comprising customers, suppliers, competitors,
service providers, and regulatory bodies. The application domain and the external
environment interact: the environment generates stimuli that invoke actions in the
domain. The actions of the domain can impact its environment. Similarly, the artifact
is situated in the domain. The domain and the artifact interact: the domain creates
external stimuli which invoke actions in the artifact. The actions of the artifact can
impact the domain. Once the artifact is embedded a change occurs: the domain now
includes the artifact. Now the modified domain (with the included artifact) interacts
with the external environment. This view is depicted in Figure 5.

We define domain goals, or simply goals, as the intended impact of the actions in
the domain on the external environment.'* The purpose of the artifact is to enable the
domain to accomplish these goals more effectively and efficiently. The artifact does
this by responding to stimuli from the domain is ways that will support the domain in
accomplishing the goals. Accordingly, requirements can be defined as the properties

12 According to Van de Ven and Poole [50] “a process theory [is] an explanation of how and
why an organizational entity changes and develops.”

'3 The word “situated” should not be taken literally in the physical sense, but in sense that the
artifact acts in a role of a component of the domain, and interacts with other components.

'* To demonstrate, consider, for example, profitability, which might appear related to the busi-
ness rather than to its environment. However, profitability is the outcome of exchanges be-
tween a business and its environment, and the business should act in a way these exchanges
create the desired outcome.
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Fig. 5. Separate Domains of Goals and Requirements

that the artifact should possess in order to accomplish its purpose. These require-
ments can be of two types:

1. Structural requirements are intended to assure the artifact can match well with the
other components of the domain, or those of the external environment it might in-
teract with.

2. Behavioral requirements define the desired responses of the artifact to stimuli
from the domain (or from the environment) generated when the domain is working
to accomplish its goals. These responses, in turn, affect the domain (and, directly,
or indirectly, the environment).

The Requirements definition process can be viewed as identifying what properties
(structural and behavioral) the artifact should possess in order to support the domain
in accomplishing the goals. Design can be viewed as the way to assemble available
types of components in order to accomplish an artifact that meets the requirements.

7 Conclusion

The work we describe here is motivated by the observation that a clear, precise and
generally accepted definition of the concept of design can provide benefits for re-
search, practice and education. Our literature study indicated that such a definition
was not available. We therefore undertook to propose a definition of the design con-
cept. The definition views the design activity as a process, executed by an agent, for
the purpose of generating a specification of an object based on: the environment in
which the object will exist, the goals ascribed to the object, the desired structural and
behavioral properties of the object (requirements), a given set of component types
(primitives), and constraints that limit the acceptable solutions. As one possible appli-
cation of our definition we demonstrate how it can be used to index design knowledge
to support reuse of this knowledge.

As a second step, we situate the design concept in a network of related
concepts appropriate to the information systems and software development domain by
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proposing a conceptual model for design projects. The intent of this conceptual model
is to facilitate study of design projects by identifying and clarifying the main relevant
concepts and relationships. We demonstrate the usefulness of this conceptual model
by using it to compare several approaches to system and software design.

Finally, we link our proposed definition of design to current themes in design re-
search, in particular, the notion of requirements as used in system development.

One purpose of this work is to facilitate theoretical and empirical research on de-
sign phenomena. We hope this paper will contribute to clarifying understanding and
usage of design and related concepts and encourage scientific research on design.
Another purpose is to create a set of concepts that can guide practices and education
in the domain of information systems and software design.

This article includes examples of design from diverse areas such as prehistoric
hunters, artists, and architects. The reader may question whether such a broad per-
spective on design is useful for studying software development. It will be of interest
to find out if software designers are more similar to engineers or to artists, or perhaps
are a class on their own. This can only be answered by observing the behaviors of a
wide range of those who are engaged in software design (elite and amateur, engineers
and “hackers”, formally trained and self-taught). Having a well-defined set of con-
cepts to describe phenomena related to design and to design projects and to reason
about these phenomena can provide guidance for such undertaking.
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Appendix: Analysis of Existing Definitions of Design

We have identified at least 33 definitions of design and sub-types of design (such as
“software design” and “urban design”) in the literature. Though design has several
meanings, we have focused on the meaning involving plans for an object and plan-
ning or devising as a process.

We employed judgment sampling and snowball sampling, i.e., we made educated
guesses as to where to look, and then investigated promising references. This strategy
was consistent with our goal of identifying as many relevant definitions as possible.

To evaluate the definitions we applied a set of four main criteria: coverage, mean-
ingfulness, unambiguousness and ease of use (see Table 8). The first three are derived
from the evaluation criteria for good theories mentioned, for example, by Casti (1989,
p-44-45). The fourth is a pragmatic criterion. We do not claim that these are the best
criteria, but, in the absence of a guiding theory for evaluating definitions, that they are
reasonable and have face validity.

To give the reader a sense of the thought process behind the analysis, we discuss
two representative examples of the definitions encountered. The first example is by
Engers et al. [6] who define design as “the creative process of coming up with a well-
structured model that optimizes technological constraints, given a specification.” This
definition has both meaningfulness and coverage problems. First, the meaning of
‘optimizes technological constraints’ is unclear. In optimization techniques, one opti-
mizes the characteristics of an object subject to constraints, not the constraints them-
selves. Second, the use of “well-structured” paints an idealistic portrait of design. This
confounds the notion of design with measures for design quality. For example, an
inexperienced computer science student can design a personal organizer application.
The application might not be “well-structured”, but is nonetheless designed. Thus,
this definition omits activities that are clearly design. The second example is that of
Hinrichs [51] who defines design as “the task of generating descriptions of artifacts or
processes in some domain,” (p. 3). This also has coverage problems. “My chair is
grey” is a description of an artifact in a domain, but is clearly not a design. The prob-
lem here is that the definition relates to previously-designed artifacts. Thus, this defi-
nition includes phenomena that are not design.

The complete analysis of existing definitions is presented in Table 9. Of the 33
definitions identified, we have found that all seem to have coverage problems, at least
12 have meaningfulness problems and at least three have some form of ambiguity.
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