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The Formulation of Design Theories for Information Systems

Abstract

The aim of this paper is to examine how Information Systems Design Theories (ISDTs) can be
formulated. Drawing primarily on work by Heidegger (1993) and Simon (1996), it is
proposed that the formulation of a design theory for information system artifacts should
recognize six aspects of the design: the purpose, the form or shape, the material components,
the means (development process), the underlying microtheories and the entailments of the
design (insofar as these can be anticipated).  A number of problems remain and further work
is suggested.

Keywords: information systems, theoretical foundations, design theory,
design science

1. Introduction

Our aim in this paper is to explore in some detail how design theories for information system
can be understood and explicated.  Information Systems (IS) as a discipline is concerned with
action - the design, construction and use of software and systems involving people,
technology, organizations and societies.  In acting in building information systems it is
preferable not to approach every new development problem afresh.  We would like at least
some guiding knowledge that transfers from one situation in which action is taken to another.
Generalized knowledge of this type can be referred to as design theory.
There has been some work on the nature of information systems design theories (ISDTs) but
some questions have not been dealt with satisfactorily and there are issues that need
untangling. What are the things that we are talking about building?  Are we interested in
design theory for tools and methodologies in addition to complete information systems?  How
is design theory articulated?  Is it about the attributes of the artifact when constructed, the
process that brings it into being, or is there more? What is the relationship between design
theory and other types of theory? Should the word theory be used at all? Is it a special type of
traditional theory? Is specification of ‘microtheories’ or ‘kernel’ theories a necessary part of
design theory?  Our paper provides an elaboration of design theory that goes some way
towards answering these questions in what we believe is a more comprehensive manner than
has been done previously.
Questions about design theory are significant for the Information Systems discipline.  The
development of design theories provides a response to calls for theory that is unique to our
discipline, separate from our various referent disciplines (Weber, 1997).  Knowledge about
Information Systems development methodologies and specific applications systems are
recognized as core knowledge for the discipline (Baskerville and Myers, 2002, following
Davis, 2000).  These core knowledge areas have vital relevance to industry.  The
shortcomings in the extant literature on design theory means, however, that researchers have
little in the way of accepted guidelines for presenting or accumulating knowledge on the
design or development of information systems artifacts in research papers, theses and
practitioner articles.
In the remainder of this paper we investigate the nature and possible component parts of an
ISDT.  The scope of the paper does not extend to a detailed discussion of the manner in which
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the knowledge for an ISDT is acquired and justified, though these epistemological issues will
be addressed in further work.

2. Design and theorizing

In this paper we adopt a wide rather than a narrow view of theory. The word theory is used to
encompass what might be termed elsewhere conjectures, models, frameworks, or “body of
knowledge”. Our ontological position recognizes theory as having an existence separate from
the subjective understanding of individuals, an inhabitant of the World 3 of Habermas (1984)
and Popper (1986). Theory and theoretical knowledge are invented by human beings rather
than being discovered. We invent concepts, models and schemes to make sense of experience
and, further, we continually test and modify these constructions in the light of new
experience. Theoretical terms are abstractions, human inventions that are simply convenient
devices for managing and expressing the relations among observables. Concepts and ideas are
invented but correspond to something in the real world (World 1). A computer program as an
electronic artifact exists in World 1, yet the articulation of the algorithm or design principles
that are represented in the program belongs to World 3.   Though there may be a degree of
interpersonal agreement about the objects in Worlds 1 and 3, each of us experiences these in a
different way in terms of our own subjective understanding (World 2).
There are limits on what we class as theory. Theory is about abstraction and generalisation
about phenomenon, interactions and causation. We do not regard a collection of facts, or
knowledge of an individual fact or event, as theory.  “Data are not theory” (Sutton and Shaw,
1995, p. 374), though data may form the foundation for theoretical development. Thus, a
description of the method used in one case for the construction of an artifact is not theory.
Taking a broad view of theory it is possible to identify five inter-related categories of theory
based on the primary type of question at the foundation of a research project (Gregor, 2002a,
2002b). These five categories are summarized in Table 1.

Table 1 Categories of Theory

Theory category Research question IS Examples
 I. Analyzing and

Describing
What is? Taxonomy of information

systems development
models (Kwon and Zmud,
1987)

 II. Understanding How and why? Structurational model of
technology (Orlikowski
1992)

 III. Predicting What will be? Organizational size as a
predictor of innovativeness,
without justification (Rogers
1995)

IV. Explaining and
Predicting –
“traditional
theory”

What is, how, why and
what will be?

Theory of representation
(Weber, 1997)

 V. Design and Action How to do something? Design of executive
information systems (Walls,
Widmeyer et al. 1992)
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Design of systems
supporting emergent
knowledge processes
(Markus, Majchrzak et al.
2002)

Thus, in this paper we are concerned with theory of Type V – theory for design and action.
We recognize design theory as a prescriptive1 type of theory that can build on and incorporate
the other types of theory. It gives guidelines or principles that can be followed in practice.

There are diverging views on the status of design theory and its relationship to other types of
theory. The classic work that treats design theory (science) as a special prescriptive type of
theory is Herbert Simon’s The Sciences of the Artificial (1996) first published in 1969.
Simon (1996) notes that in an earlier edition of his work he described a central problem that
had occupied him for many years:

How could one construct an empirical theory?

I thought I began to see in the problem of artificiality an explanation of the
difficulty that has been experienced in filling engineering and other professions
with empirical and theoretical substance distinct from the substance of their
supporting sciences.  Engineering, medicine, business, architecture and painting
are concerned not with the necessary but with the contingent – not with how
things are but with how they might be – in short, with design (p. xii).

Simon contrasts design science with natural science, which is concerned with knowledge
about natural objects and phenomena. Design science must take account of natural science as
an artifact is a meeting-place or interface between the inner environment of the artifact and
the outer environment in which it performs, both of which operate in accordance with natural
laws.  Simon discussed design science in the contexts of economics, the psychology of
cognition, and planning and engineering design, but not Information Systems. It has taken
some time for Simon’s ideas to filter through to Information Systems and they are still not
unequivocally accepted in this discipline.
Weber (1987), for example, recognized difficulties with design work in Information Systems.
He saw the “lure of design and construction” as a factor inhibiting the progress of Information
Systems as a discipline and called for theory that gave Information Systems a paradigmatic
base.  Although Weber spoke of the science of design and guidance for designers, his focus
was more on theory that has an explanatory role, as in the natural sciences, rather than the
distinctiveness of theory that is prescriptive.
In 1992, Simon’s ideas were adopted and applied to consideration of ISDT by Walls et al.
(1992). Recently the ideas of these authors have enjoyed some currency as shown in the
specification of a design theory for knowledge management systems by Markus et al. (2002).
The explication of ISDT by Walls et al. (1992) is probably the most complete and thorough to
date, and is discussed in more detail further in this paper.
Since 1992, however, there have been varying and rather scattered approaches to the problem
and articulation of design theory in Information Systems and allied fields. March and Smith
(1995) followed Simon’s ideas closely, with an important difference.  They saw design

                                      
1 The term “prescriptive” is used rather than the term “normative” as the latter can have connotations of a moral

dimension, that is a normative “should” rather than a prescriptive or imperative “how to”.  Though important,

matters relating to ethical and moral issues are beyond the scope of this paper.
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science products comprised of four types: constructs, models, methods, and implementations,
but excluded theories.  Jarvinen (2001) and Lau (2001) express similar views.
Other discussion of related work in the Information Systems literature is scattered and appears
under different labels. Associated research has been referred to as engineering type research
(Cecez-Kecmanovic 1994), as a constructive type of research (Iivari, Hirschheim and Klein
1998), as prototyping (Baskerville and Wood-Harper, 1998), and a systems development
approach (Lau, 1997; Burstein and Gregor, 1999). Gregor examined different types of theory
in Information Systems (2001, 2002a) and design theory in particular (2002b), but did not
explore the formulation of design theory in detail.
Relevant work appears in other disciplines, including management accounting (Kasanen,
Lukha et al. 1993), accounting information systems (David, Gerard et al. 2000) and education
(Savelson, Phillips et al. 2003). The design patterns approach has enjoyed some prominence
and considers the sharing of design knowledge drawn from practice rather than theory
(Alexander, Ishikawa et al. 1977). Schön (1983) links the development of professional
knowledge to “reflection–in–action”, though he focussed more on the epistemology of
practice, placing technical problem solving within a broader context of reflective enquiry.
The conclusion drawn from the extant literature is that while considerable attention has been
paid the concept of design theory, there is a lack of consensus as to its nature and
comparatively little discussion as to how it should be formulated, in Information Systems or
elsewhere. This challenge is addressed in the following sections.

3. Formulating Information Systems Design Theory

In discussing ISDT we should first consider the nature of the artifacts about which we are
theorizing.  We are considering systems that involve humans, technology, organizations and
society.  The essence of these artifacts is that they are systems in which there is human use of
information and communication technologies. It is this property that distinguishes ISDTs
from other types of design theory: for example, in architecture, medicine, or management.  A
further characteristic of the nature of the artifacts we are considering is that they are not static.
An information system, given its encapsulation of humans, technology, organizations and
society, will evolve.  This evolution will be driven by the changes in its component systems,
organizations, people and technology, and the external environment with which it interacts.
In discussing the formulation of an ISDT we extend the work of Walls et al. (1992), who
largely relied on Dubin (1978) as a basis for specifying theory.  Dubin’s view of theory is that
of the traditional Type IV category (Table 1), with units of analysis, laws of interaction and so
on.  Though these ideas are still relevant to an ISDT they do not go far enough in specifying
what should be considered in an ISDT.  In expanding on Walls et al’s (1992) work we have
gleaned further ideas from Heidegger (1993) and from using more of Simon’s ideas.
Heidegger (1993) seeks to identify the essence of modern technology.  This process
commences with an examination of the instrumentalist view of technology as suggested by
Aristotle and his four explanations for change, commonly known as the four causes.

For centuries philosophy has taught that there are four causes: (1) the causa
materialis, the material out of which, for example, a silver chalice is made; (2) the
causa formalis, the form, the shape into which the material enters; the causa
finalis, the end, for example, the sacrifical rite in relation to which the reqired
chalice is determined as to its form and matter; (4) the causa efficiens, which
brings about the effect that is the finished, actual chalice, in this instance the
silversmith  (p. 313).
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Heidegger showed that these four causes differ from one another yet belong together in
considering the nature of the artifact.  The coming together of the four causes in the chalice is
seen as example of poi_sis, the arising of something from out of itself, as for example, in the
bursting of a blossom into bloom.  We will build on this idea to explicitly consider all four
causes as part of an ISDT.
Heidegger (1993) goes on to argue that while an instrumental view of technology may be
correct it is not the true essence of modern technology.  Modern technology, as opposed to
previous technology modifies and challenges the natural order.  It controls and reorders the
natural order rather than simply using it.  Heidegger uses the comparison between a windmill,
which harnesses the wind but doesn’t change it, and a hydro-electric dam, which captures and
changes the river. The objects within the natural order are modified to become a standing
reserve for technology.  The water of the river becomes the power source for hydro-electric
power generation.  The way in which these objects are perceived is framed with a different
perspective provided by modern technology.  This “enframing” (ge-stell) offered by modern
technology and its capacity to overwhelm and restrict all other ways of revealing is the
essence and danger of modern technology. Hence this view provides an argument for
supplementing the four causes, the instrumental view of technology, with consideration of the
revealing which the ISDT offers.
From the above we suggest that an ISDT should have six aspects: the four explanations of
Aristotle, plus the microtheories justifying the design (Simon, 1996; Walls et al., 1992), plus
the idea of entailments or enframing (Heidegger, 1993). Thus, an ISDT would have an
embodiment that takes the form:

1. In order for a system to meet a particular goal or satisfy certain requirements:
2. it could take a certain form or shape,
3. it can consist of certain material components,
4. it could be constructed by a certain process involving certain agents.
5. The justification for the design, for the links between goal, form, process, and

materials, depends on certain microtheories.
6. The design has certain entailments or implications, in terms of emergence, evolution

or constraints.
We argue that a theory that is fully formulated should incorporate consideration of all six
aspects, even if some aspects are in vestigal form.   It is probable that if we examine specific
ISDT we will find that some aspects are paid much more attention than others, with other
aspects of the design perhaps implicitly assumed.  Partial ISDTs may focus on one element,
for example the process by which a particular type of information system can be built.  We
argue, however, that all six aspects must be present in some form in order for an ISDT to
exist.   For example, the principles for building a system to achieve some end may be
hypothesized, but unless some feasible method for bringing the design into being using
existing materials is also envisaged, then a design theory does not exist. Using this criteria,
Vanevaar Bush’s ideas for the Memex (Bush 1945), was not a design theory.
Formulation of an ISDT in this form can lead to testable research hypotheses.  A specific
example is taken from a review of explanations from knowledge-based systems (Gregor and
Benbasat, 1999), which is used as an illustration throughout the next section.
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The inclusion of a suitable explanation facility (a design feature) will lead to
improved performance, learning and more positive user perceptions of intelligent
support system (design goals) (adapted from Gregor and Benbasat, 1999).

Such hypotheses may not always be able to be tested in any simple or direct fashion.
Landauer (1987) points out the difficulties of attempting to test the effectiveness of one total
system against that of another.
Each of the six aspects of a design theory is discussed in the following section.

4. The six aspects of an Information Systems Design Theory

The six proposed aspects of an ISDT are discussed in more detail.

(1) The purpose, end or goal (the causa finalis)

This aspect is the set of meta-requirements that describe the class of goals and types of
systems to which the theory applies (Walls et al., 1992). These requirements can only be
understood in terms of the environment in which the system is to operate; just as, in order to
understand the purpose of the silver chalice, we need to understand the religious ritual in
which the chalice is to be used.
This aspect of the theory formulation allows different theories to be categorized, compared
and extended. For example, a contribution to an ISDT for decision support systems would be
expected to show that it filled some gap in existing ISDT, offered an ISDT that was superior
in some way to existing ISDT, or extended an existing ISDT.
As an example, the review article by Gregor and Benbasat (1999) began by demonstrating
that that there was a lack of understanding and agreement about how explanation functions in
knowledge-based systems (the class of systems) should be constructed.  These functions are
included in intelligent systems with the aim of improving performance with the system,
learning from the system, and user perceptions of the system (design goals).  Some
explanation was given of the context in which such systems are used.

(2) The form, shape or features (the causa formalis)

This aspect refers to the structure or organization of the design product.  The shape of the
design is seen in the properties, functions, features or attributes that the system possesses
when constructed.  For example, a design theory for a word processor could show how a
completed system included file manipulation features, text manipulation features and so on
and how these features were interrelated.
Simon (1996) presents the view that complex systems might be expected to be constructed as
a hierarchy of levels, or in a boxes-within-boxes form. A powerful technique for designing
such a complex structure is to discover viable ways of decomposing it into semi-independent
components corresponding to its many functional parts. The design of each component can
then be carried out with some degree of independence of the design of others, since each will
affect the others largely through its functioning and independently of the details of the
mechanisms that accomplish the function.  The decomposition of the complete design into
functional components will not be unique, and there may exist alternative feasible
decompositions of radically different kinds.
Information systems are obviously examples of complex systems that benefit from
decomposition into sub-systems or component parts in both design and construction, as is
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recognized in many systems development methodologies. Thus, we expect that design theory
can be used on a number of levels – for a system as a whole and for the sub-systems within
the system.
From our continuing example with knowledge-based systems, a design principle at one level
is that these systems should include an explanation function, under certain conditions. The
design theory for the explanation function itself is at a lower level and includes principles
such as “Explanations should be provided automatically if this can be done relatively
unobtrusively” (Gregor and Benbasat, 1999, p. 497).

(3)  The material components  (the causa materialis)

This aspect concerns the physical entities involved in the class of information systems under
consideration – for example, people, hardware, networks, the physical environment.  The
properties of these entities are relevant to the design theory in accordance with theories of
natural science and human behaviour.
Our continuing example (Benbasat and Gregor, 1999) recognizes the limitations placed on
explanations from knowledge-based systems by available technology (somewhat implicitly)
in terms of presentation formats recognized (text or multimedia). Similarly, the article
encompasses consideration of human users with discussion of different usage by expert
compared with novice users.  Knowledge of differences, however, is not translated into design
guidelines for different types of users.

(4) The means or process (the causa efficiens)

This aspect concerns the means by which the design is brought into being – a process
involving agents and actions. Simon (1996) believed that process and product were
inextricably linked.

What we ordinarily call “style” may stem just as much from these decisions about
the design process as from alternative emphases on the goals to be realized
through the final design … both the shape of the design and organization of the
design process are essential components of a theory of design (p. 130).

It may be argued that a particular process, methodology or tool has usefulness in building IS
across a wide range. For example, Truex et al. (1999) make the claim that organizations that
are not stable, but continuously adapting to their environment, need system development
methods that assume that systems should be under constant development, can never be fully
specified, and are subject to constant adjustment and adaptation.
Conversely, the construction of an information system of a particular type could be done in
more than one way. The characteristics of the different methods will normally have
implications for the “emergence”/long term life of the system as well as a range of other
tradeoffs in terms of cost, efficiency and so on. In any case, an ISDT should explicitly address
what method (or methods) can be used to construct a design.
Examination of the article by Benbasat and Gregor (1999) shows it is lacking in this respect.
A fuller ISDT for explanation facilities would include some of the methods that are required
to build them; for example, knowledge acquisition techniques for gaining knowledge from
experts to justify explanations or participative design methods such as those used by De Greef
and Neerincx (1995) to ensure explanations match user needs.
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(5) Microtheories

This aspect provides the justificatory knowledge for linking goals, shape, processes, and
materials.  Some knowledge is needed of how material objects behave so as to judge their
capabilities for a design. For example, the bandwidth of communication channels limits
designs of e-commerce systems by placing limits on data carried within a time period.
Knowledge of human cognitive capacities heavily influences principles of human-computer
interaction design.  Simon (1996) refers to these theories as “micro-theories” and Walls et al.
(1992) as “kernel theories”.  Walls et al. (1992) see kernel theories as informing design
products and design processes separately.  Here we argue that they are a linking mechanism
for a number, or all, of the other aspects of the design theory.
The nature and degree of reliance on microtheories is arguable.  Theories might come from
natural science, social science (Simon, 1996) or practitioner-in-use theories (Saker and Lee
(2002). Simon argues that it is possible to have a design theory with an incomplete
understanding of the micro-theories on which it is based, believing that building a theory of a
system:

Does not depend on having an adequate micro theory of the natural laws that
govern the system components.  Such a microtheory might be simply irrelevant (p.
19).

He argues that the relationship between design science and natural science can follow what he
observes in the practice of the natural sciences.  We do not have to know, or guess at, all the
internal structure of the system components, but only that part of it that is crucial to the
abstraction in the design theory. An example is given of the first time-sharing computer
systems, where only fragments of theory were available to guide initial designs.
The phenomena that arise out of the creation of design science artifacts can be the targets of
natural science research (March and Smith, 1995).  In any new discipline people often do
things for which theory has no explanation and provides no foundation, and theory evolves
only after practice has demonstrated that something works (Glass, 1996).   Natural science
explanations of how and why an artifact works may lag years behind the application of the
artifact (March and Smith, 1995).
Our example article on explanation facilities argues for a theoretical base that includes
Toulmin’s model of argumentation (Toulmin, 1958). It is shown that explanations that
conform to Toulmin’s model of argumentation, in that they provide adequate justification for
the knowledge offered, should be more persuasive and lead to greater trust, agreement,
satisfaction, and acceptance – of the explanation and possibly also of the system as a whole.
Toulmin’s theory provides a link between design principles and goal, but it also suggests a
link between process and goal – the process of constructing explanations should include the
gathering of what is regarded as adequate justificatory evidence for each explanation.

 (6) Entailments – emergence, poi_sis, enframing

The sixth and final aspect of design theory is consideration of the possible entailments of the
design.  This is probably the most difficult aspect to both delineate in a meta-theoretical sense
and to deal with in a specific ISDT. A reason Popper and the Greek thinkers were against
technology and an “instrumentalist” view of science was from a sense of ignorance of the
effects our interventions might have on nature (O’Hear, 1989).
A relatively prosaic view of this aspect is that it means designing for flexibility and
continuing evolution of a system in the face of an uncertain future. Simon (1996) considered
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that with complex systems and design of an evolving artifact, flexibility and adaptability
could be enabled by feedback loops to refine design.
O’Hear (1989, p. 220) writes of an “evolutionary trajectory” rather than “a design” and notes
the attempt to predict the direction or outcome of a particular technological innovation in
advance is bound to be uncertain.  It is possible that all that can be done is to be aware of the
possibilities of emergence, poi_sis and enframing from technological designs.
Our example article on explanations is completely deficient in this respect. No consideration
is given to the possibility that the nature of explanations could vary over time, or with the
experiences of a particular user.  Some thought on this aspect could lead to a richer design
theory for more flexible explanatory capabilities.

4. Concluding remarks

In view of the limited discussion that has occurred to date on the formulation of design theory
specifically for Information Systems, some of the ideas expressed here may be regarded as
rather novel and are likely to lead to further debate, which is to be encouraged.  The thinking
of the authors has changed in the course of writing this paper and may evolve again with
further work.
What we propose here draws on work mainly from Simon (1996) and Heidegger (1993) but
synthesizes thoughts from these authors in arriving at the six aspects of a design theory
proposed.  Neither of these authors attempted to specify clearly how a design theory should
be expressed.
A number of issues have not been addressed in the paper.  One issue is the level of theory
dealt with.  The ISDT we have used as examples could be regarded as “mid-range”. They deal
with a class or category of systems.  It is possible that we may be able to discover “grand”
theories of design or design principles that cover a large set of systems.  For example, design
process guidelines such as “Most theories of IS implementation are too narrow and
mechanistic; IS implementation can only be understood as part of the broader social and
organizational context” (Klein and Myers, 1999, p. 80) are at a high level of generalization.
Should we be looking for more, very general, guidelines of this nature?
A second issue is the manner in which the theory formulation is represented.  Representation
languages could include ordinary language, mathematics, drawings, models and diagrammatic
tools (Simon, 1996).  Simon posits that problem representation influences design and that
special forms of logic may be needed to capture reasoning about imperatives.   Here we have
proposed that design theory can be formulated in ordinary propositional form (possibly
supplemented by diagrammatic representations) and specified six aspects of the theory that
should be described.  Similar but different ideas can be found in the literature on design
patterns, where the key ingredients of a pattern are listed (Alexander et al., 1977).
Additionally, Jarvinen (2001) suggests theory development could be expressed in terms of
advancement from an initial, somewhat problematic state of knowledge, to another “better”
state through the construction/design of some artifact.  Research of this type should provide a
description of these two states of knowledge (before and after the artifact was constructed).
These works have not attempted to elucidate theory specification to the degree we have here,
but there is a possibility that expressing design theory in their terms could lead to different
outcomes.  This possibility is beyond the scope of the current paper, but could be investigated
in further work.
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A third issue is the idea of entailments in a design theory, in terms of poi_sis and enframing,
which remains problematic and deserves much further attention than has been possible here.
We believe, however, that our paper is useful in considering the formulation of design theory
separately from consideration of the epistemological issues of how such theory can be
developed and tested, though both matters are necessarily linked.  A clearer idea of how a
design theory can be formulated provides a basis for further work on evaluating contributions
to knowledge of this type.  Many Information Systems researchers are doing work of the
ISDT type, as shown by Morrison and George (1995), but have little guidance on how to
express what they are doing.  Work towards clearer theory formulation should help with the
further aim of building a cumulative body of knowledge.
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