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Abstract. Researchers in the area of Information Systems (IS) applying the de-
sign science paradigm are confronted with the challenge to make theoretical 
contributions which also help to solve current and anticipated problems in prac-
tice. This is often referred to as the rigor and relevance challenge of design 
science research. To ensure relevance of the research outcome, research 
projects in IS are often conducted in close cooperation with one or more indus-
try partners. This typically leads to a need for early results and a binding to the 
specific organizational context of the participating industry partner(s). 

In this paper, we propose pattern-based design research (PDR), an iterative 
design research method consisting of four phases, to overcome this problem. 
We argue that patterns as early stage design artifacts enable researchers to build 
innovative artifacts that address current and anticipated problems of practition-
ers in an organizational context. Building on well-established concepts as  
patterns, design theories, and the design theory nexus, the proposed research 
method enables a researcher to theorize and learn from the intervention at the 
industry partner(s) while performing rigorous and relevant design science re-
search. We illustrate the applicability of PDR by presenting a research project 
from the area of enterprise architecture management. 

1 Rigor and Relevance in Practice-Driven Research 

In the field of Information Systems (IS) research a pluralism of paradigms, methods, 
and research approaches is prevalent. While behavioral science traditionally plays a 
major role in IS research, the approach of design science is meanwhile also accepted 
by the scientific community. Design science approaches (cf. [1-3]) target the creation 
of a novel artifact, i.e., a solution to a relevant problem. Researchers designing an 
artifact need to account for two important criteria: rigor and relevance (cf. [3-5]). On 
the one hand, rigor can be achieved by applying sound methodologies [6]. On the 



74 S. Buckl et al. 

 

other hand, relevance can be achieved by addressing the needs of using practitioners. 
Nevertheless, there is an on-going debate on the topic of rigor and relevance. Al-
though many scientists agree that both rigor and relevance have to be achieved simul-
taneously [7, 3], another school of thought exists with the perception that rigor and 
relevance each compromise the other [8]. It, in this sense, remains challenging to 
account for both rigor and relevance [9]. 

Enterprise Architecture (EA) management is a field, susceptible to practice-driven 
resign research. While this field has been researched for more than 10 years [10], yet 
the diversity of the management challenges and the differing organizational contexts 
have hampered the development of single and embracing management approach. 
Moreover, the management function in general and modeling of the EA in particular 
has to be tailored to the concerns and context of the using organization [11]. With no 
well-established and sufficiently detailed management approach at hand and in the 
light of the diversity of the management concerns to be addressed, the development of 
an organization-specific EA management is far from a routine design activity. Espe-
cially, the design of the modeling languages is a challenge that is of interest for re-
searchers and practitioners as well. 

In a similar line as the aspect of relevance is gaining more and more importance for 
the field of IS research (cf. [5]), the number of research projects that are conducted in 
close cooperation with an industry partner or which even are industry-funded increas-
es. Such cooperations on the one hand open the door for developing and extracting 
case studies (cf. [2, 12]) by employing an intrinsically motivated industry partner but 
on the other hand are typically subject to the partnering organization's pace. The de-
mand for an early delivery of results and the methodological rigor required for aca-
demic contributions (cf. [13]) mirrors the tension between rigor and relevance. This 
leads to a situation in which researchers are challenged to ensure that their research 
does not degenerate into “routine design” that according to [3] must be distinguished 
from design science. In contrast, the close cooperation can be used to contribute to 
design by providing empirical evidence. 

[14] coined the term community determined output to delineate that the expected 
level of abstraction in the research outcome is determined by the members of the  
participating community. This in particular applies to research performed in close 
cooperation with an industry partner. To address the different objectives of this  
community, consisting of practitioners – seeking for practical solutions – and academ-
ics – searching for theories – knowledge on different levels of abstraction has to be 
documented as research findings. 

The situation in which scientists cooperate with industry can be described by fur-
ther characteristics. In IS research often so called wicked problems (cf. [15, 16]) are 
tackled. Wicked problems occur, if the specific situations of different industry part-
ners relate to asymmetric criteria determining the different solutions [17]. In order to 
increase the relevance of the developed design artifact in terms of importance and 
suitability (cf. [5]) often an iterative approach is applied. Thereby, each iteration – 
with a single or multiple industry partners – allows learning and accordingly the evo-
lution of the designed artifact in order to provide a sustainable solution. 
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Findings originating from research projects that have been conducted in close co-
operation with an industry partner should naturally account for the aspect of relev-
ance. Therefore, we subsequently present the pattern-based design research (PDR) 
approach that addresses the aforementioned challenges accounting for the aspect of 
rigor in practice-driven research projects. It makes use of patterns, design theories, 
and a design theory nexus which are introduced in Section 2. By adding a dedicated 
phase for evaluation and learning to the existing methods an iterative approach – PDR 
– is created in Section 3. To illustrate the idea of PDR, a concrete example from the 
domain of Enterprise Architecture (EA) management is presented in Section 4. We 
use patterns for EA information models to show how they can be used to derive de-
sign theories and allow for a controlled nexus evolution by incorporating adjusted as 
well as new solutions to enhance the general design theories. 

2 Contributing Perspectives and Approaches 

The role of patterns for IS research is subject to controversies (cf. [18]). In other do-
mains, like software engineering, patterns are well accepted artifacts. Similarly, the 
role of theories as artifacts for IS research is heavily discussed (cf. [19]). Patterns in 
contrast to design theories represent best practices that are bound to a specific context 
in which the provided solution has proven to work. Similarly a design theory nexus 
interlinks alternative design theories and details the context in which a specific design 
theory can be applied. The three concepts pattern, design theory, and design theory 
nexus are introduced in the following to prepare the presentation of PDR. 

2.1 Patterns  

[20] and [21] introduced the idea of patterns in the area of construction and urban 
planning. According thereto, a pattern documents a solution for a recurring problem 
given a specific context. [22] applied the pattern idea to document solutions within the 
domain of software engineering. They elicited a more explicit pattern structure ex-
tended with additional sections, namely consequences, known uses, and related pat-
terns. The concept of patterns has also been used to document software architectures 
[23]. Accordingly, documenting good practice solutions to recurring problems in a 
specific context as patterns is a commonly accepted way to facilitate knowledge dis-
semination in design-intensives domains. The knowledge abstracted in these patterns is 
knowledge on operational principles in the sense of [14], i.e., is intended to be applied 
“as-is”. If a solution to a single problem is too complex to be documented by a single 
pattern or the resulting pattern would be too specific, a pattern language can be used 
instead. A pattern language decomposes the complex problem/solution description into 
several self-contained patterns [24]. Since each pattern solves a specific problem with-
in the shared context of the language references between the independent patterns are 
required. Such references according to [25] can be used to, e.g., identify a smaller pat-
tern that is used by a larger pattern, define variants of patterns, or a sequence of elabo-
ration, i.e. a sequence of patterns from the simple to the complex. 
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2.2 Design Theory 

[26] were the first to introduce the notion of prescriptive theories in the field of IS 
research. The publications of [27-29], or [30] show, that prescriptive theories – also 
called design theories – generated special attention in the IS community. Such theo-
ries provide knowledge support to design activities. Hence, they are considered as 
“theorized practical knowledge” [31]. Accordingly, the development of design theo-
ries requires a close cooperation of scientists and practitioners. Figure 1 presents a 
conceptual framework for the activities of theorizing in design research according 
[29] and [32]. The two activities observation and experimentation call for research 
that is conducted in close cooperation with industry. 
 

 

Fig. 1. Elements of theorizing in design research (Source: [32]) 

Different perspectives on the components of design theories have been taken by 
[26-27], and [28]. [30] presents a synthesized perspective, further influenced by the 
idea of pattern-based theory building. We adopt this perspective encompassing the 
components shown in Figure 2.  

 

Fig. 2. Components of a design theory (Source: [30]) 
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2.3 Design Theory Nexus 

[17] presents the idea of a design theory nexus to address the challenge of wicked 
problems, i.e., of problems that are characterized by asymmetric criteria. In conse-
quence, possible solutions can only be evaluated in terms of 'good' or 'bad'. A nexus 
connects these alternative solutions, i.e., design theories. Using the construct of a 
design theory nexus best practice solutions that evolve from research cooperation 
projects with industry can be combined to a knowledge base that helps “decision 
makers in choosing which of the theories are most suitable for their particular goals in 
their particular setting” [17]. Figure 3 gives an overview about the concept of a design 
theory nexus that connects different theories and defines the constraining goals and 
environmental contexts in which the different theories have proven to work good. 
 

 

Fig. 3. Components of a design theory nexus [17] 

To construct a design theory nexus, [17] detail a five step approach: (1) identify ap-
proaches, e.g. via a literature analysis, (2) analyze approaches to identify explicit or 
implicit conditions, i.e. context and problem descriptions, that must hold, (3) formulate 
assertions conditions are assessed for practical relevance and reformulated, (4) develop 
decision making process that builds on the assertions, and (5) develop tool that sup-
ports the evaluation regarding the fit for each design theory in a given situation. 

3 Pattern-Based Design Research 

Patterns can be understood as early stage design science artifacts observed in practice. 
Based on this understanding, we propose a pattern-based design research (PDR)  
method that outlines an approach to balance rigor and relevance in IS research. Fol-
lowing the activity framework for design science research as proposed by [33] our 
research method consists of four main activities: observe & conceptualize 
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representing the problem diagnosis, pattern-based theory building & nexus instantia-
tion, which enables the abstraction of observed solutions to better theories in terms of 
[14], solution design & application, representing the creation of an IS artifact, and 
evaluation & learning closing a direct feedback loop from practice to academia. Fig-
ure 4 gives an overview about our pattern-based design research method and illu-
strates the interplay between theory and practice. 
 

 

Fig. 4. Pattern-based design research 

3.1 Observe and Conceptualize 

Patterns are commonly accepted means to document good practice solutions to recur-
ring problems in a specific context. Patterns are further accepted as way to facilitate 
knowledge abstraction and dissemination in design-intensive domains. Therein, pat-
terns are operational knowledge in the sense of [14] gained from practice. Following 
this understanding, patterns are neither invented nor developed, but observed best 
practice solutions. The rule of three, established in [34], gives account to this fact: a 
documented pattern must provide reference to at least three known uses in practice to 
ensure the re-usability of the provided solution. The different patterns that have been 
published over the years, mostly follow a typical pattern format according to [23] 
consisting of a description of the addressed problem, the solution, and the intended 
application context for the solution. A pattern further identifies driving forces, denotes 
known usages as well as consequences, and makes relations to other patterns explicit. 

In the observe & conceptualize activity of the PDR method, good practices from 
industry are observed and documented following a typical pattern structure. Thereby, 
the observer which can either be a researcher or practitioner describes at least the 
following concepts: problem to be addressed, solution that has proven to work good, 
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context in which the solution can be applied, and forces that frame the solution space. 
Depending on the application domain, the conceptualization might be further detailed 
(see Section 4) by using grounding theories to elicit a pattern terminology for the 
application domain. The documentation of the pattern candidates is refined in cooper-
ation with the industry partner during so-called pattern workshops. During the con-
ceptualization and documentation of the pattern candidates, known patterns in the 
field are revisited for relevant terms. In particular, synonyms and homonyms used in 
the description are identified, and resolved, where possible. Unresolved terminologi-
cal issues remain to be documented in the next phase via pattern relationships for 
linguistic compatibility. 

3.2 Pattern-Based Theory Building and Nexus Instantiation 

The pattern-based theory building & nexus instantiation activity of the PDR method 
describes how pattern candidates mature and evolve to competing design theories for 
a specific application domain that are interconnected in a design theory nexus. Pat-
terns, which can be regarded as coherent and self-contained design entities describing 
a solution to a specific problem, can in line with [35] be understood as elementary 
design principles. In this sense, we interpret patterns as potential building blocks for a 
design theory. A design theory itself shows typical characteristics of a pattern, i.e. a 
design theory contains a context description in which the provided solution is appli-
cable as well as the problem to which it can be applied (see Figure 2). 

The construction of the design theory nexus from pattern candidates is a possible 
result from a research cooperation carried out between practice and academia. There-
by, a pattern candidate evolves over time to a pattern, a part of a pattern language, to a 
part of a design theory as illustrated in Figure 4 by the different levels of the orga-
nized collection. If a pattern candidate matures through three successful known uses 
in practice to a pattern, the researcher integrates the new pattern into the organized 
collection of patterns by defining relationships to the already existing patterns. Rela-
tionship types that can be used are the ones introduced in Section 2. Reflecting the 
inherent interdisciplinary of IS research, the researcher accounts for terminological 
compatibility by introducing two new types of relationships between patterns – lin-
guistically compatible and linguistically diverse – to indicate that two patterns employ 
compatible or conflicting terminologies. 

Building design theories from patterns might at a first glance be an easy to accom-
plish task, as some constituents of a design theory as introduced in Section 2.2 can be 
directly mapped to parts of the pattern description, e.g. context and problem as well as 
solution model and forces. Patterns however typically vary in respect to the level of 
granularity and abstraction on which they are described due to their observational 
nature. This in particular becomes obvious, when the patterns are to be composed into 
a design theory for a certain research field. The different relationship types of a pat-
tern language support the researcher in addressing this problem and in doing so facili-
tate the construction of a design theory from a pattern language. Exemplifying this, 
we subsequently discuss selected relationship types and their roles in pattern-based 
theory development: 
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• Used by describes that and how a larger pattern employs another patter to solve a 
sub-problem of the larger pattern. Building on this relationship the researcher can 
aggregate solution building blocks into a comprehensive solution for a coarse 
grained problem. 

• Refined by represents the inverse relationship of used by in which a refining pat-
tern targets a similar problem and context as its “larger” pattern but provides a 
more detailed solution model or outlines a broader variety of forces to be balanced. 
Relationships of that can be used by the researcher to define principles of adapta-
tion in the design theory as they sketch possible trajectories for refining the design 
artifact. 

• Variant relates to a pattern with a similar or closely related problem and context as 
the initial pattern, providing a solution that only slightly differs from the original 
one. Relationships of that type may help the researcher to refine the context and 
problem description by both broadening the scope of the corresponding classes and 
by raising further dimensions of distinction. 

• Sequence of Elaboration relates different patterns that describe more and more 
elaborate solutions for a similar problem and context. Patterns connected by that 
type of relationship may be understood as contribution to the principles of adapta-
tion by providing possible ways to evolve the design artifact and to bring it to a 
more 'mature' level. 

With the alternative or competing design theories developed from pattern-based 
theory building, the researcher has successfully processed step 1 and 3 of the con-
struction process of a design theory nexus instantiation (see Section 2.3). The final 
steps 4 and 5 deal with the development of a decision making process and its imple-
mentation within a tool to support usability. The researcher is supported during these 
final steps by the common terminology established by the meta-conceptualization. 

3.3 Solution Design and Application 

The design theory nexus instantiation is applied in this activity of the PDR method by 
the researcher to construct a situated design artifact. Therefore, the exemplary prob-
lem in context is used as input to the decision making process whose output is the 
exemplary design artifact. Creating an expository instantiation, the researcher applies 
the principles of implementation in practice, i.e., in the environment of an organiza-
tion willing to use the design theory nexus instantiation. Accounting for terminologi-
cal aspects, the solution design must be configured and adapted to the terminology of 
the using organization. Finally the configured design is established as new solution in 
the organization under consideration. 

3.4 Evaluation and Learning 

While time passes, the instantiated solution may evolve and deviations from the origi-
nally configured design may arise in practice. These deviations represent the artifact 
evolution in terms of a design theory and can be ascribed to the ongoing change of 
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environments, contexts, and goals of the using organization. Following the PDR ap-
proach these derivations observed by the practitioner can be used by the researcher to 
evolve the design theory nexus. Thereby two main types of deviations can be distin-
guished that result in different kinds of learning: 

• Deviations in the instantiated solution that represent minor changes with re-
spect to the configured design. These deviations can typically be traced back 
to the corresponding design theory, organizational context, or problem. 

• Major changes in the instantiated solution that do not match a design theory, 
organizational context, or problem from the configured design. These devia-
tions typically represent newly observed best practices. 

To identify the above deviations a formal review process of the instantiated solution 
needs to be set up by the practitioner and researcher. If new best practices are ob-
served they have to be documented as pattern candidates as described in the observe 
& conceptualize phase. Minor changes typically result in a rework of existing patterns 
in terms of changes with respect to context, problem, and solution interplay. Similar-
ly, minor changes might also result in new relationships of the pattern language. In 
particular the relationships refined by, variant, and sequence elaboration are therefore 
used. 

4 Pattern-Based Design Research Example _ BEAMS IBBs 

The research described in this section is an exemplary instantiation of the pattern-
based research design (PDR) method presented in the previous section. The example 
is based on previous research in the field of Enterprise Architecture (EA) manage-
ment. EA management establishes a holistic perspective on all elements forming the 
architecture of an enterprise, e.g. business processes, applications, information, hard-
ware, and their interrelations. For EA management, descriptions of the EA are created 
and used. A conceptual model, called “information model” or “meta-model”, is usual-
ly used to define the structure of an EA description. Figure 5 shows an exemplary 
excerpt of such a model. Based on this perspective, the respective management func-
tion aims to increase transparency about the enterprise [36] and to control the enter-
prise evolution [37]. 

4.1 Observe and Conceptualize 

In 2007 researchers from the Technische Universität München started to observe 
identical solutions to EA management problems during their various industry projects. 
With the idea of software design patterns [22] in mind, an extensive catalog of pat-
terns for EA management has been published [38]. It includes patterns for EA man-
agement methods (M-pattern), patterns for EA management viewpoints (V-patterns), 
and patterns for information model fragments (I-patterns) [39]. 
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Fig. 5. Exemplary enterprise architecture information model 

4.2 Pattern-Based Theory Building and Nexus Instantiation 

Based on the context descriptions of the EA management patterns, the Building 
Blocks for Enterprise Architecture Management Solutions (BEAMS) [40, 41] demon-
strated how patterns can be used to derive design theories for EA management. These 
theories were derived as reusable and configurable building blocks based on the in-
itially observed patterns, for example as information model building blocks (IBBs). 
As outlined by [42] and visualized in Figure 3, a design theory nexus consists of 
goals, environment, theory nexus, and design solution. The five step process for a 
nexus construction suggested by [17] has been executed as follows. 

1. The available approaches in the area under consideration, i.e. EA management, 
have been examined by pattern documentation. 

2. Competing theories, i.e., patterns, have been investigated for explicit or implicit 
conditions, e.g. by determining their different goals. 

3. Assertions based on prominent characteristics of competing approaches have been 
derived which resulted in the organizational context description of the nexus (en-
vironment). Centralized vs. decentralized IT organization is one of them. 

4. Based on a fitting matrix including the identified EA management goals, the or-
ganizational context assumptions and the various solutions, a decision-making 
process for selecting one or more appropriate approaches for designing an EA 
management function has been developed. Therefore, these constraints, i.e., goals 
and organizational context, determine whether a competing EA management ap-
proach succeeds or fails. 
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5. A tool supporting the utilization of the presented nexus has been described by 
[43]. It begins with a characterization of the situation followed by a selection of 
building blocks and concludes with their assembly. 

4.3 Solution Design and Application 

With the characteristics of a specific organizational context and concrete problems as 
input, the introduced design theory nexus for EA management is able to design an EA 
meta-model suitable for a specific enterprise. Based on assembled building blocks, i.e 
the solution design, researchers and practitioners adapt the outcome to additional 
organization-specific requirements. This adaption includes, among others, the renam-
ing of the general concepts provided by IBBs. Such renaming comprises, e.g. the 
adaptation of model element names to fit the terminology used by the implementing 
organization. The general concept of an IT System, as depicted in Figure 5, might be 
renamed to Business Application if this term is commonly accepted within the partici-
pating linguistic community. Another adaptation might extend or replace values of an 
enumeration to describe the organizational requirements in more detail. For example, 
if an IBB provides that a Project Proposal can either be in state accepted or rejected, 
another state to be revised could be added if necessary. As a result, this activity of 
PDR method provides an applicable EA meta-model which can be implemented by 
software tools and used for documenting an EA. 

4.4 Evaluation and Learning 

After the solution design and its organization specific adaption, the information model 
backing an EA management function is tailored to cover the concerns that are known 
at the time of its design. Changes in stakeholder composition, in the organizational 
context or the enterprise context, and the rising maturity of the enterprise-level man-
agement functions require EA management governance to take the adequate meas-
ures. Relevant measures given the perspective of pattern-based learning are measures 
that adapt the information model. Two kinds of such measures can be distinguished: 

─ Adaptations in which new IBBs are selected in response to changing concerns. 
─ Adaptations in which the information model is changed without using IBBs. 

Adaptations of the latter kind in particular are sources for learning and for evolving the 
design theory nexus. To enable pattern-based learning, a minimum level of formality 
regarding the EA management governance (or the part of information model adapta-
tions) is required: for each adaptation at least the responsible enterprise architect has to 
be documented. Additional information on the concern that caused the particular adap-
tation as well as on the stakeholders requiring the concern to be addressed is beneficial 
for the subsequent step of the learning-process, but not mandatory. 

The different adaptations occurring in the information models of different industry 
partners are reviewed on a regular basis. A consulting company, the vendor of an EA 
management tool, or an organized body of practitioners can perform the necessary 
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reviews. During these reviews, the group of reviewer groups and classifies singular 
adaptations, i.e., singular changes to an information model, into larger logic units of 
change. This grouping is performed either based on the documented concerns or 
based on the results of interviewing the responsible enterprise architects. The change 
units form “pattern candidates”. For each of the pattern-candidates information fol-
lowing the structure proposed by [24] and the relationships to IBBs constituting the 
configuration previous to the adaptation are documented. 

The mandatory elements (context, problem, solution, and related patterns) of de-
scribing an artifact of re-use do not only apply to newly identified pattern candidates, 
but are also applied to the validated artifacts, i.e., the patterns and the design theories. 
The mesh of relationships established by denoting related artifacts of re-use comple-
ment the perspective of the singular artifact to the whole of a pattern language in 
terms of [24], or a design theory nexus in terms of [17], respectively. The IBBs, i.e., 
the theories of the nexus, and the patterns and pattern candidates are thereby linked by 
two kinds of relationships: 

─ Content-relationships that express that an artifact of re-use (IBB, pattern or pat-
tern candidate) depends on another artifact of re-use, being a prerequisite, a genera-
lization or a foundation in another way. Content-relationships are the usual kind of 
relationships forming the core of a pattern language. 

─ Learning-relationships that express that an artifact of re-use has been learned 
from an artifact with lower formalization. A pattern for example is learned from at 
least one pattern candidate and provides the basis for learning at least one IBB. 
Learning-relationships are thereby used to document the evolution of the learning 
design theory nexus. 

The conceptual model outlined in Figure 4 summarizes the understanding of pattern-
based learning. On the more abstract level, the model describes the core structure of 
an organized library of re-usable artifacts, concretizing this structure to pattern candi-
dates, patterns and design theories. On this concrete level, the different kinds of arti-
facts are understood as participating in a learning and formalization process. 

5 Outlook 

The pattern-based design research method is currently applied without dedicated tool 
support. The activities of pattern documentation and evolving the design theory nexus 
could well be supported by a tool. A related circumstance is already discussed by [26] 
and [17]. Tool support for the design phase of the PDR method, exemplified for the 
field of EA management, is further outlined in [43]. In this article, especially the need 
for tool support in comparing information models and in tracking model changes is 
highlighted. 

Although we demonstrated a successful instantiation of a large part of the PDR 
method in the previous section including the first three phases at least the evaluation 
& learning phase still remains subject to evaluation in cooperation with practitioners. 
Such evaluation could benefit from available tool support. The evaluation of this 
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phase nevertheless requires a longer-time span of research in order to be carried out. 
In the context of EA management a suitable time-span according to [44] would be 
five years. In addition, the PDR method needs still to be evaluated within IS discip-
lines other than EA management. 

A researcher can assume different roles during the research activities carried out in 
cooperation with practitioners. Accounting for these roles, the PDR method can be 
further detailed. Especially during the application phase of PDR the participating 
researcher can inhabit different roles. Like in case studies, the researcher can act as an 
observer without intervening or like in action research the researcher can be an actor 
influencing the solution design instantiation. Furthermore, if design and evaluation 
are processed in parallel as suggested by [45] action design researchers are expected 
to share their knowledge of theory and technological advances. Accordingly, the ap-
propriate degree of influence still needs to be found and may depend on the actual 
context. 
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