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Abstract. Many information systems researchers designate their work as design
science referring to the term “IT artifact” and the categorization systems that
have emerged under this label. Alas, there is no consensus at this point as to what
the research output in design science is and what types of artifacts exist. Using a
widely accepted artifact typology would strengthen the scientific discussion and
ease the categorization of contributions. Based on a literature review of all DES-
RIST publications and a special MISQ issue on design science, we derived such
a typology. We identified eight relevant artifact types and related our typology to
existing ones. With this contribution, we hope to enable a discussion about what
legitimate design science outputs and their main types are.
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1 Introduction

Design science has been established as a research paradigm in information systems
for many years. According to the current consensus, design science is about designing
IT artifacts [1, 2]. However, not even in the superordinate discipline of information
systems research (ISR) has a common understanding of the IT artifact evolved. Cur-
rent discussions in design science do not provide any grounding in existing publica-
tions, but are derived from analogies with natural or social science. Additionally,
different views on the IT design artifact exist, making it difficult for the researcher to
know which view to follow when classifying their own design research.

The purpose of this paper is to identify which types of IT design artifacts exist.
Thereby, we hope to create a more uniform understanding, facilitating design output
comparison. Additionally, we aim to reduce confusion about what a design output is
and what it is not. To achieve this, we performed a literature review of design science
publications. As literature, we selected the 2006-2009 DESRIST publications and the
2008 MIS Quarterly vol. 32 no. 4 special issue on design science, and qualitatively
analyzed the statements about the design artifacts in those articles. The goal of the
analysis was to identify artifact types that can be found in existing publications.

The paper is structured as follows: First, the current understanding of the IT artifact
in design science is introduced. Then, our literature review and the design outputs
found are presented. Following, results of the qualitative analysis are given and impli-
cations discussed. Finally, a conclusion is drawn.
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2 Related Work and Background

The discussion about the object of research in information systems has been going on
for some time [3-10], as summarized by Benbunan-Fich and Mohan [11] and Alter
[12]. The sub-discipline of design science has developed more recently and accord-
ingly offers less existing work on its research output. The link between information
systems as behavioral science and design science is the overlap regarding their re-
search objects. While related, the implications of the discussion about the “IT artifact”
differ for the two approaches: Behavioral research usually produces theories about
information systems, with information systems, or more general “IT artifacts” being
the object of research. On the other hand, the output of design science are not theories
as known from behavioral research but predominantly designs, so that the research
output oftentimes is the same as the research object. This recursive relationship is
discussed in other design disciplines as well, often with reference to Gadamer’s “her-
meneutical circle” [13].

For design science, Vaishnavi and Kuechler Jr. [14] identify the two perspectives
on the research output from March and Smith [2] and from Purao [15]. March and
Smith [2] state: “Design science products are of four types, constructs, models, meth-
ods, and implementations.” For them, constructs or concepts are conceptualizations
that “form the vocabulary of a domain”. They see a model as “a set of propositions or
statements expressing relationships among constructs”. It represents “situations as
problem and solution statements”. Methods are based on constructs and models. They
are “a set of steps (an algorithm or guideline) used to perform a task.” Finally, an
instantiation realizes “an artifact in its environment”.

Purao [15], following Gregg et al. [16], has a perspective different from March and
Smith. In his viewpoint, the most visible output of design research is “the situated
implementation of an invention (artifact) as software or system”. The implementation
ensures that the design is feasible. However, for Purao, “two other kinds of outputs
are more important for design research”. The first are operational principles or repro-
ducible knowledge. They are abstractions to explicate the intended behavior in ac-
cepted forms. The second kind of output is the “metaphorical understanding of how
the artifact supports or controls the phenomenon of interest”. Thereby, “the expected
behavior of the phenomenon [...] is articulated”.

In addition to these two perspectives, Winter [17] and Bucher and Winter [18] extend
the classification of March and Smith [2] by theory. Winter [17] argues: “Although
theory building is not design science research, theories as ‘intermediate’ artifacts need
to be included in the system of relevant artifacts for IS design science research.”

Walls et al. [19] have a different view on theory. They propose “Information Sys-
tem Design Theory” (ISDT) to present research outputs of design science. An ISDT
describes a design product, consisting of meta-requirements and a meta-design, and a
design process. It combines different types of the categorization of March and Smith
and includes additional information about the design.

Looking into further publications, Vahidov [20] proposes an output classification
matrix that is aligned with the Zachman framework. As categories, he proposes struc-
ture, behavior, motivation and instantiation. As perspective, he proposes analytical,
synthetic, technological and implementation. Any design is categorized along both
dimensions to determine which cell of the matrix it fits in.
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Carlsson [21] follows van Aken [22] in distinguishing three types of designs: “1)
an object-design, which is the design of the IS intervention (initiative), 2) a realiza-
tion-design, which is the plan for the implementation of the IS intervention (initia-
tive), and 3) a process-design, which is the professional’s own plan for the problem
solving cycle and includes the methods and techniques to be used to design the solu-
tion (the IS intervention) to the problem.”

In summary, some statements on the design science research output exist, but most
are not grounded. We have the impression that many authors reference March and
Smith or some other classification building on March and Smith in their design sci-
ence papers. Few authors reflect on the quality of the classification used. A discussion
has not yet taken place. Especially, a common view on the use of the categorization
systems has not yet emerged.

3 Literature Review Approach

To help remedy the aforementioned situation, we performed a literature review to
identify types of design science research output using a literature review.

We loosely follow a qualitative literature review methodology. Our methodology is
based on the recommendations from [23], the methodologies described in [24] and the
example paper [25]. Effectively, we applied a mix of coding and mutual agreement.
Table 1 gives an overview of this approach. The remainder of this section describes
each step in more detail.

Table 1. Sequence of steps to derive this article’s typology

Activity Description Results
Data set definition Determine the set of articles to review  Set of 106 articles
Filtering of Identify the articles that contribute a Subset of 62 articles
design articles design that is relevant for practitioners
Extraction of Identify if and how authors subsumed  List of terms describing
authors’ categories their output under any type or category  design categories
of design
Determining Each researcher: abstract the identified  Three individual
individual typologies terms into typology, grouped by simi-  typologies
larity
Unified typologies Unify the three individual groupings Typology draft
into one agreed-upon typology
Individual classification =~ Each researcher: classify all design Three classifications of
of articles articles using the typology draft design articles
Consolidation of Discuss differences in classification Unified classification of
classification and determine if differences affect articles, final typology
typology

3.1 Data Set Definition and Filtering of Design Articles

The data set contains 106 papers; 102 papers from DESRIST 2006-2009 conferences
and 4 papers from the MISQ vol. 32 no. 4 special issue. Arguably, the data set is far
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from comprehensive. This might lead to an incomplete typology. At the same time,
the selected publications had an explicit focus on design science and arguably offered
a better look at the complete bandwidth of design science in ISR than publications
with an otherwise specialized focus. As we are not interested in quantitative state-
ments and consider our study to be exploratory, we feel that this data set is of suffi-
cient size and quality.

The research authors of this paper were involved in the literature review and in-
terpretation; the research was conducted between December 2nd, 2009 and January
4th, 2010. By using publications that are specialized on design science as our data
set, we expect to cover the majority of IT artifact types designed in actual research
projects.

To determine which articles were of further interest, we had to decide which papers
to classify as design science and include in the review and which papers to exclude.
We decided to include papers presenting prescription-driven design science according
to van Aken [22] and papers prescribing design and action according to Gregor [26].
Based on these two papers, we developed two questions to classify publications: Who
uses the results?, with practitioners being in scope and researchers only being out of
scope; and How are the results used? with to guide action being in scope and to un-
derstand the world, to inform only being out of scope.

Each of the researchers looked at each of the 106 papers as to whether it contained
a designed artifact, using the two questions presented above. In 38 cases we inde-
pendently classified a paper as not presenting a designed artifact. In 12 cases a con-
sensus could be reached after a discussion. After the discussion, 62 of the 106 papers
remained that we considered presenting a design within the realms of information
system design science.

3.2 Extraction of Author’s Categories

For the remaining papers, we extracted statements from the papers about what the
proposed design is. Additionally, we extracted what type of design artifact the paper’s
authors classified their design as. This step did not involve any interpretation of the
terms found; they were taken from the papers unchanged. A summary of types found
in the 62 papers can be seen in table 2.

3.3 Individual Categories

We continued by interpreting the information found. Our aim was to identify a set of
types that would be coherent and classify all artifacts found. Hence, the next step was
for each researcher to look at the terms extracted from the 62 papers to come up with
his own set of types. The guideline was to identify types of design research outputs,
respectively IT artifacts that are structurally different, requiring different description
meta-models. We believe that types, differentiated along structure, are important
because they require different descriptions, evaluation techniques and research meth-
odologies. To expose the process of our research, the types found by each of the re-
searchers are shown in table 3.
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Table 2. Extraction of authors’ categories (multiple terms per paper possible)

Category Synonymous usage  Paper
Algorithm [271; [28]; [29]
Approach [30]; [31]
Architectural style [32]
Architecture Tool architecture [33]; [34]; [35]
Concept Modeling concept [36]; [33]; [37]
Construct [36]

Design artifact [38]

Design guidelines [39]

Design implications [40]

Evaluation

Framework

Grammar

Graphical representation
Information System
Instantiation

IT-artifact

Meta-Design

Method

Methodology

Metric
Model

Principles

Process

Protocol

Prototype
Recommendation
Rule

Simulation platform
System artifact
System design
Theory

Tool

Typology
No term matching

Process Framework
Modeling grammar

Method fragments,
situational Method
Modeling
methodology

Model prototype,
design model
Design principles

Protocol extension
Software Prototype

Design Theory,
Theory nexus

The paper delivers a
designed artifact but
it is not explicitly
subsumed under any
term

[41]; [42]; [43]; [40]; [44]; [45]; [46]
[41]; [47]; [48]; [39]; [49]; [50]

[51]; [37]

(35]

[52]; [53]
[39]; [54]; [55]
[33]; [56]; [57]
(50]

[58]; [51]; [591; [47]; [52]; [45]

[541; [60]; [61]; [62]; [37]
[30]; [47]; [63]

[42];

[64]; [65]; [66]; [31]; [49]; [46]

[55]; [53]
[43]; [48]
(30]

(32]; [67]

[51]; [66]; [43]; [40]; [68]; [69]

[44]
[70]
[71]
[72]

[731; [48]; [74]; [75]); [72]; [76]; [77]

)

s

[78]; [79]; [65]; [411; [44]; [39];

[801; [81]; [54]; [57]
(33]

[36]

[82]; [83]; [84]

3.4 Unified Typology

81

Looking at the number of types found in the previous step, it is obvious that the
granularity varies. To derive an agreed-upon typology, we discussed every proposed
type. For some types, we noticed that we used different names for the same thing
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(e.g. technology method vs. algorithm). In these cases, we decided to agree on one of
the names used. In some cases we used a different granularity, for example, one ty-
pology contained one type where another differentiated several types. In these cases,
we had to discuss which types would require similar description structures. Finally,
some types were vague and covered a large number of different concepts, all of which
were structurally similar. In those cases we introduced an auxiliary criterion use (as in
how is the artifact used with regard to a system?), which helped to uncover possible
differences between subtypes and allowed to map them to existing types or to intro-
duce new narrower types.

Table 3. Author’s personal typologies

Author A Author B Author C
Method Construct System Design
- Modeling Language Model Method
- Methodology - Cost model - Situational Method
- Evaluation - Business model - Guideline
Software Requirements - Design Method
- Prototype Software architecture - Business Method
- Algorithm Instantiation - Evaluation Method
- System Method - Learning Method
Model - Technology Method ~ (Evaluation) Framework
- Algorithm - Business Method Instantiation
- Data Model - Modeling approach - Prototype
- Metric IS curriculum - Tool
- Generalized Machine (Modeling) Language
Description Design Theory
- Principle - For Method
- Architectural - For System
Style - Meta-Design
- Pattern Algorithm/Protocol
- Guideline Model
- Typology - Cost Model
- Taxonomy - Concept
- Ontology - Ontological Design
- Data Model
- Typology
- Architecture
- Metric
- Strategy
Curriculum
Codified Experience
- Design Principles
- Principles

- Architectural Style
- Pattern
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Furthermore, we excluded two types that arguably are designs: for implementation
we agreed that it is used to evaluate some more general design proposition. We were
able to reclassify all papers stating to present an implementation as system design. For
IS curriculum we agreed that it is not considered an IS research output as it is not
related to an information system and to ignore the type for the further proceeding.

After analysis of term the individual classifications, we agreed upon eight types,
listed in table 4.

Table 4. Artifact typology by number of occurrences (multiple types/paper permitted)

Artifact Type Use Structure Paper
System design Description  Structure or behavior-related  [73]; [48]; [74]; [75];
description of a system, [72]; [82]; [76]; [77];
commonly using some [56]; [79]; [331; [78];
formalism (e.g. UML) and [31]; [34]; [66]; [40];
possibly text [52]; [64]; [43]; [68];
[531; [291; [71]; [811;
[69]; [51]
Method Support Definition of activities to [58]; [51]; [59]; [47];
create or interact with a [52]; [45]; [54]; [61];
system [62]; [37]; [83]; [44];

[301; [39]; [41]; [371;
[57]; [63]; [83]

Language/ Support A (generally formalized) [65]; [37]; [63]; [55];
Notation system to formulate state- [35]; [51]
ments that represents parts of
reality
Algorithm Description Executable description of [27]; [28]; [29]; [67];
system behavior [61]; [32]
Guideline Support Suggestion regarding behav-  [36]; [39]; [43]; [70]; [84]

ior in a particular situation
(if in situation X do Y)
Requirements Description Statement about System [807; [49]; [81]
(A system of type X should
have some property Y
[because of Z])
Pattern Support Definition of reusable ele- [63]; [32]
ments of design with its
benefits and application
context
Metric Support A mathematical model thatis [42]
able to measure aspects of
systems or methods
Re-classified as After reading the whole [60]; [38]; [46]; [50];
‘no design’ paper the contribution was
re-classified as not deliver-
ing/addressing a design
artifact.
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In our typology, we define system design to be a description of an IT-related sys-
tem. The description can be on any granularity level and can focus on any aspect like
structure, process, and interactions. Examples are “software architecture”, “enterprise
architecture”, “database schema” and “business process diagram”.

For us requirements are statements about a system in the form: “A system of type
X should have some property Y.” Optionally a reason for the requirement can be
given. Generally, requirements restrict the design space for a system design. Exam-
ples are: “A life-supporting system should never fail.” “A multi-tenancy system
should never expose private data to other tenants.”

In our definition a method consists of activities, possibly in some order, that are
performed by people in order to support the system development. Methods often de-
fine results/deliverables of activities and roles. Examples are “software engineering
method”, “enterprise architecture method”, “requirements analysis method”, and
“organizational change method”.

An algorithm is in some kind similar to a method in that it describes a sequence of
activities. However, an algorithm is executed by a computer. In our definition, it is an
executable description of a system behavior. Examples are “sorting algorithm”, “data
mining algorithm”, and “protocol”.

A pattern provides generalized system design elements that can be used for many
different kinds of system designs. In that sense, it is used not to describe how a
specific system should look like. Rather, a pattern provides support to create such a
system design. Patterns exist for programming, software architecture, enterprise archi-
tecture, organizational design etc. Usually, the pattern is described with its benefits
and the context of application. Examples are ‘“singleton”, “asynchronous message
queue”, “service-oriented architecture”, and “matrix organization”.

A guideline provides a generalized suggestion about system development. In that
sense it is similar to a pattern, but does not contain system design elements or state-
ments about these elements. It does not have a fixed structure, but will usually make
statements like: “In situation X one could/should do Y.” Examples are “If high code
quality is required, pair programming should be used.” “If a project is late, don’t add
more people.”

A language | notation provides concepts and their interrelation, used to support
system development. A graphical notation might include modeling elements and rules
how these elements can be related. Often, a language / notation is referenced as a
result type in a method. Examples are “entity-relationship model”, “business process
modeling notation”, and “object-oriented programming language”.

Finally, in our typology, we define metric as some kind of model that is used to
evaluate aspects of a system design or a support for a system design. A metric will
provide a conclusion about the evaluated construct. Usually, a metric is a mathemati-
cal model, but qualitative metrics are also possible. Examples for metrics are “busi-

LEINT3

ness case”, “architecture evaluation model” and “cyclomatic complexity”.

3.5 Classification of Papers by the Typology

To verify how uniform our understanding of the eight types is and to ensure that we
did not miss a type, each researcher reclassified each of the 62 papers using the uni-
fied typology. For this, only the extracted information from the first iteration and the
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papers’ abstracts could be used. For 31 papers, all researchers used the same types.
Two of these papers contained an IS curriculum, which we did not include in our final
typology as discussed above. For 12 papers, a consensus could be reached after a
short discussion. One further paper was classified as IS curriculum. We had to check
the remaining 19 papers for two possibilities: whether the classification was ambigu-
ous or impossible because the design was not clearly described in the excerpts re-
viewed by us. Or if they were an instance of a type that might still be missing from
our typology. We re-read all papers in more detail and then discussed our individual
findings. For five papers, we concluded that the paper actually did not contain any
design. For the other 14 papers, a type could be identified after continued reading. We
did not come across any papers that required adding a completely new type. There-
fore, we believe that the typology is complete with respect to the data set used.

4 Discussion

The two major aspects of this article are to get a better understanding about what a
design artifact in design science is and what types of artifacts can be separated. At this
point we want to reflect on the results presented in the previous section, addressing
the approach, the types identified and the relation to the existing artifact categoriza-
tion systems.

4.1 Review of Our Approach

In contrast to other design artifact categorization systems (cf. section 2), we chose to
derive the artifact types from existing literature. The reflection of our approach must
therefore focus on the quality of the data and our choice regarding its interpretation.

We noted that within the DESRIST publication the heterogeneity of notions about
“design” and “design science” converged, while the quality with which contributions
and mapping to a particular artifact type increased. This is not surprising for a young
discipline and a young conference, but highlights the fact that the notion of what de-
sign is and what design artifacts are is not yet stable. The possibility that our typology
is affected by such a shift in notions is possible but not a problem, as our aim is to
facilitate discussion and the narrowing of understanding about artifacts and not to
settle it.

As described above, we analyzed the articles on two levels: the first level included
the title, the abstract and the keywords; the second level was to look at the whole
article and read as much as necessary. In principle it might be that the understanding
of what an article is about shifts, depending on how much one reads. This could affect
both the decision about whether a design is presented as well as the categorization of
the artifact. This risk is mitigated by several factors: we do not depend on quantitative
data, so the possibility that the type of an artifact changes does not change our results.
Also, we are focused on what the authors state their artifact is, as we want to find out
what researchers consider artifacts to be. If an author states clearly in the abstract that,
for example, a method is constructed, we considered this to be the relevant piece of
information. We wanted to analyze what authors claim their design is; we did not
want to determine what the authors have actually designed. Only if the first level of
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analysis did not contain such a clear categorization by the author we did consider the
full text, which further reduced the number of possible occurrences.

We attempted to separate different types by their internal structure; that is, by
the constituting elements and their relations. This separation took place based on the
terms in table 3, which describes the researchers’ individual interpretation of possible
type candidates. The structures were not derived directly from the structures inherent
in the reviewed articles but were introduced as needed, when a decision had to be
made whether to keep two terms as separate types or to merge them into one. One
might argue that this approach facilitates ad-hoc decisions. Yet, looking at our results,
we believe that the types we identified are justifiably different from each other and
are defined in a way that is comprehensible by other researchers and practitioners in
the field.

4.2 Review of Our Results

The eight final types are introduced in detail in section 3.4. Here, we want to discuss
some of the backgrounds and intermediate candidates.

Several of the reviewed articles used the term model to describe their contributed
artifact (cf. table 2), as did all researchers in this paper (cf. table 3) in their intermedi-
ate grouping of terms. Consequently, model was a candidate artifact type for a while,
but was excluded in the end. We found it to be too generic and in any particular in-
stance shared too many characteristics with other types. Design models are covered
by system design; mathematical models (at least in our sample) could be all subsumed
under metrics. Other models were more aptly described as languages or notations.
The possibility remains that in a larger data set we would find another type of model.
In such a case, it would most likely still be possible to introduce specialized types of
artifacts instead of returning to a general type model.

In this and other discussions the dimension of use was helpful. We identified three
different uses that the IT design research outputs had:

e Description: How should a system look like?
e Support: How do I create a system design and the IT system?
e Evaluation: What properties does a system have?

While we succeeded to refer to structure as our only criterion to differentiate the
types, use was very helpful in getting a first and general understanding why two types
should or should not be differentiated. With a better understanding how two types are
different, it was then possible to also identify their structural differences.

Another term highly debated within the community is design theory (e.g. [1, 19,
85]). Several authors of reviewed articles explicitly referenced design theory or theory
with focus on design (cf. table 2). We identified two views on what such a theory
would be. One view considered a design theory to be a design augmented by theoreti-
cal background and proposition about how instances of the design would behave in
real life. We extracted such a design and categorized it under the appropriate type. A
second view considered design theories to be very high level and generalized state-
ments about design, which does not necessarily contain any design fragments itself.
This view does not contain any design and was excluded from the review.
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The eight identified types are somewhat related, as to be expected. Guideline and
pattern have similarities — a pattern is a specialized form of guideline, as well as
guideline and requirement, as they both contain descriptions of goals. Also, the level
of abstraction is different: system design subsumes low level system designs as well
as architecture descriptions and business processes, whereas algorithm and metric are
more precisely and narrowly defined. Such “unevenness” might be unsatisfying or
aesthetically unpleasing for a typology. This is, however, no concern to us. For one,
the limited data set in a developing field, we discussed earlier is partly responsible for
this. Also, we would evaluate the quality of the typology pragmatically, that is, by
looking at the ease with which articles can be classified into one of our types. For us,
based on the available data, this typology worked sufficiently well.

4.3 Relation to Larger IT-Artifact Discussion

In section 2 we have discussed other definitions and typologies of artifacts that we
could find within the information systems design science literature. When comparing
those to our results, several differences become apparent. The literature identifies
fewer types of artifacts and they are of a more abstract nature. Our typology
shares with the published ones the separation between structural and behavioral arti-
facts (model | method in case of March and Smith [2] and design product /| design
process of Walls et al. [19]).

More insightful than comparing individual types might be to contrast the different
groups of people addressed by the typologies. We argue that previous typologies of
the IT artifact had the research community in mind, when deriving their typologies:
March and Smith [2] with their the artifact type construct describe it as the vocabu-
lary, with which to reason about design. Purao [15] explicitly considers the knowl-
edge about an artifact as a relevant output. Similarly, Walls et al. [19] and Winter [17]
focus on the design theory as a central output of design research. We agree with these
authors in that all these outputs are relevant for design science and that building
knowledge about designs is a crucial task for design science. Nevertheless, in our
view the separation along the lines of who can make use of the artifacts (researcher or
practitioner) is relevant and meaningful for the field of design science and that any
discussion about types of artifacts should start with the “first order objects”, namely
the designs that are both object and result of research. The “second order objects”,
such as theories, representing knowledge about “first order objects” can follow. Any
typology of artifacts though, should be grounded in the available literature, if only to
have a chance to be established by its own outputs and not as possibly inaccurate
analogies to other sciences.

5 Conclusion

The purpose of this paper was to identify types of design research output. By qualita-
tively analyzing all DESRIST publications and four MISQ papers, we have created a
typology containing eight distinct types (see table 4). As we used 62 papers contain-
ing design research output to establish the typology, we are confident we covered
most types currently relevant for the discipline. To our best knowledge, we are the
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first to ground such a typology in existing literature. Using the typology, researchers
can clarify the object of their research, possibly also facilitating focus and usage of
suitable research methodologies. Thereby, confusion of reviewers and readers is re-
duced and comparability of designs increased; the level of standardization as well as
the quality of scientific communication within the design science community would
increase.

Based on our grounded typology, a discussion can take place as to whether further
types should be the object of design science research. It is possible that there are types
that have not yet been presented. Reasons might be that such types are difficult to
design, difficult to evaluate or even that a type has not yet been relevant. A periodical
evaluation of “artifacts in use” can supply valuable insight for the ongoing discourse
about the elements and boundaries of the discipline. A follow-up discussion could
also sharpen the understanding of theory in design science research and its relevant
artifacts.
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