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Background: The lack of commonly accepted models of educa-
tional Design-based Research (DBR) hinders the effectiveness of 
knowledge transfer and theory development in this field. DBR 
models are well-established in information systems (IS) re-
search. The structured approaches to DBR in IS research have the 
potential to inform educational research practice for facilitating 
the interplay between theoretical and practical advancements. 
Method: We compare existing approaches to identify compati-
bility in terms of objectives and structured process designs in the 
two fields based on a literature review. Having established com-
mon ground, we examine the role of theory as a result of DBR 
and identify potential for synthesis of existing models. Finally, 
we map a DBR Contribution Types Model from IS to educational 
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DBR and evaluate its applicability by reflecting on potential out-
comes in this field. 
Findings: We show a compatibility of the goals and characteris-
tics of DBR in both disciplines and identify a common underlying 
understanding that enables an appropriation of concepts and 
models. The nature of DBR outcomes in educational research is 
found to be ambiguous, in particular with respect to the role of 
theory. This hampers the development of generalizable and 
transferable findings. DBR in IS provides perspectives on theory 
and processes which can foster DBR appropriation in educational 
research development and methodological validation. We show 
that DBR models in IS can inform the implementation of educa-
tional DBR. 
Contribution: The paper contributes to the advancement of ed-
ucational DBR by appropriating models developed in the context 
of IS research after thoroughly examining the compatibility of 
DBR in both fields. The more structured approach to examine 
and assess DBR outcomes enables to improve the generalisabil-
ity and transferability of findings in educational research. 
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On the Ambiguous Nature of Theory in Ed-
ucational Design-based Research – Re-
flecting and Structuring from an IS Per-
spective 
 

Sabrina Oppl, Christian Stary, Stefan Oppl 

 

Introduction 

Gaining knowledge in a deductive way through the development and 
evaluation of theories is a frequently pursued aim of educational re-
search (Reinmann, 2005; Van den Akker, 1999). Although such 
knowledge can be of great relevance for solving practical problems in 
an educational context, the transferability of the research results to 
practice is often challenging. Empirical findings are usually not pre-
pared for and directly transferable to application in educational set-
tings (Anderson & Shattuck, 2012; Easterday et al., 2014), as classic 
empirical research does not aim to solve practical problems directly 
through the research processes (Reinmann, 2005; Van den Akker, 
1999). Nevertheless, the need to strengthen research that pursues the 
development of practical solutions for current problems and chal-
lenges in educational practice through scientific methods is evident 
since decades (Edelson, 2002; Reinmann, 2005; Van den Akker, 1999). 

Design-based research (DBR) as a meta-methodology (Anderson & 
Shattuck, 2012; Easterday et al., 2014) addresses the lack of applica-
bility of classical empirical research findings by considering the devel-
opment of solutions for problems in educational practice as a central 
goal of research (Edelson, 2002). DBR approaches aim to “improve 
practice” by working on problems in a “real educational context” (An-
derson & Shattuck, 2012). At the same time, solving such practical 
problems should go hand in hand with theory building (Anderson & 
Shattuck, 2012; Barab & Squire, 2004; Cobb et al., 2003; Easterday et 
al., 2014; Edelson, 2002; Euler, 2014; McKenney & Reeves, 2014; Rein-
mann, 2005; Van den Akker, 1999). Reaching those goals needs the use 
of different scientific methods which is why DBR is characterised by a 
“methodological pluralism” (Rodríguez, 2017). The application of sci-
entific methods concerns both the design process and the evaluation 
of the developed approaches for problem solving. Such scientifically 
grounded evaluations should lead to the development of transferable 
knowledge (Anderson & Shattuck, 2012; Barab & Squire, 2004; Cobb 
et al., 2003; Easterday et al., 2014; Edelson, 2002; Euler, 2014; McKen-
ney & Reeves, 2014; Reinmann, 2005; Van den Akker, 1999). 

Although there is a broad consensus on these overarching goals, there 
are different approaches to how to reach them and which require-
ments have to be met by the research results. Existing literature 
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describes different process models, which lead to different types of 
results and different demands for generalisability (Easterday et al., 
2014; Euler, 2014; McKenney & Reeves, 2014; Van den Akker, 1999; 
Wozniak, 2015). The dual objective of creating practical problem solu-
tions and generating scientific knowledge leads to tensions and chal-
lenges in achieving a unified understanding of the demands for gener-
alisability of the research results in DBR (Reinmann, 2017), or more 
generally, the “nature of its product” (Easterday et al., 2018). Easter-
day et al. (2018) state that “few have tried to address the nature of an 
educational intervention or precisely what kind of theories D[B]R pro-
duces […].” Furthermore, there is a need for a clear distinction of de-
sign processes in research and practice to reach scientific standards 
(Edelson, 2002). While Edelson (2002) describes “four features that 
distinguish design research from simple design” (research-driven, sys-
tematic documentation, formative evaluation and generalization), no 
models could be identified in literature so far that allow a structured 
classification of DBR results and their delineation from outcomes of 
design processes with respect to generalisability. Prior studies (e.g. 
Collins et al., 2004; Reinmann, 2017) have found that the lack of me-
thodical standards and common models in the scientific literature hin-
ders the establishment of DBR in educational research practice. 

Attempts to explore the issue of the lack of commonly accepted mod-
els of educational DBR and to contribute to its resolution have not only 
been made from within the discipline (e.g. Bell, 2004; Easterday et al., 
2018), but have also been undertaken via blending in external perspec-
tives from other scientific fields, such as Cultural-Historical Activity 
Theory (CHAT) in a special issue in the Journal of the Learning Sciences 
(O’Neill, 2016). There, several contributions have addressed the di-
chotomous nature of DBR and the interplay and potential conflict be-
tween theoretical and practical advancements as research results 
(Cole & Packer, 2016; Greeno, 2016). This dichotomy is not only pre-
sent in educational sciences, but has also been identified and dis-
cussed in other disciplines (e.g. Holmström et al., 2009; Lang, 2006; 
March & Vogus, 2010; Sandoval & Bell, 2004; Vaishnavi, 2007). In this 
contribution, we offer a perspective on this issue from Information 
Systems (IS) research. Design-based approaches have been extensively 
discussed in IS research in the last decades and are usually referred to 
as Design Science or Design Science Research (DSR). Integrating (IS-
oriented) DSR and (educational) DBR has become a topic of interest in 
recent years in the emerging field of educational technology, where 
educational problems are addressed via the design of digitally sup-
ported instruments (e.g. Fahd et al., 2021). The scientific discourse on 
process models for conducting DBR and the dichotomy of theory and 
practice in DBR has also been extensively discussed in the field of IS 
(Goldkuhl, 2004; Gregor et al., 2020, 2020; Kuechler & Vaishnavi, 2012; 
Peffers et al., 2007; Walls et al., 1992), identifying similar issues as in 
educational DBR. The findings, challenges, and approaches to over-
come them in both fields, however, have not been analysed and com-
pared systematically so far, omitting the potential of advancing the 
status quo in either discipline by appropriation of models proposed in 
the respective other field. Appropriation here refers to a process of 
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interpretation and re-contextualization of concepts, perspectives or 
methods proposed in one or another discipline (Alves Villarinho Lima 
& Almeida, 2021; Haapasaari et al., 2012). There appears to be poten-
tial for such appropriation, e.g. as the need for a common understand-
ing of DBR results and their demands for generalisability mentioned in 
educational DBR is elaborated on in IS literature via “Design Science 
Research Contribution Types” proposed by Gregor & Hevner (2013). 

In the context of educational DBR, different studies over several dec-
ades have called for a stronger focus on research in educational prac-
tice, the generalisability of its results and its potential to contribute to 
theory development (Brown, 1992; Collins et al., 2004; Easterday et 
al., 2014; Edelson, 2002; McKenney & Reeves, 2014; Reinmann, 2005; 
Van den Akker, 1999). The goal of this paper is to examine the poten-
tial for appropriation of DBR-models in the educational sciences and 
information systems research. Such an investigation contributes to the 
advancement of the status quo in educational DBR, if models proposed 
in IS research to address the dichotomy between theory and practice 
in DBR results can be successfully appropriated in educational DBR. 
This would help to better differentiate the scopes of research in edu-
cational DBR and support both, planning the overall research process 
including the determination of the requirements for the research re-
sults to be achieved and communicating the research project including 
the transferability of the findings, in a theoretically well-grounded 
way. 

This article is structured as follows: as appropriation of models in both 
fields is only possible if the overarching goals and characteristics are 
compatible, we first compare the DBR approaches of both disciplines 
on a general level (section 3). Section 4 describes the results of DBR 
processes in both disciplines and introduces the model of “Design Sci-
ence Research Contribution Types” proposed by Gregor & Hevner 
(2013). Section 5 aims to appropriate this model in an educational re-
search context by assigning the educational DBR results identified in 
section 4. The paper closes with discussion of the potential and limita-
tions of the model of Design Science Research Contribution Types in 
educational DBR. 

 

Methodology 

To examine the potential of appropriation of models from DBR in the 
IS and educational sciences, an initial literature review was carried out 
for both disciplines separately to assess the status quo. The database 
ERIC was primarily used to identify literature to educational DBR due 
to its focus on education science literature. Additionally, Google 
Scholar served as another resource to identify literature not listed un-
der ERIC and to identify literature for IS research. 

As mentioned in the introduction, the DBR approaches of both disci-
plines were first examined on a general level to assess their fundamen-
tal compatibility. Thus, the initial literature search and analysis focused 
on the goals and characteristics of DBR. The identified papers were an-
alysed for each discipline separately before contrasting the findings. 

2.0 
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The results of this comparison are presented in section 3. One major 
finding was that the characteristics of DBR manifest in how the re-
search process is structured and organized. 

In a second step towards answering the research question, we thus 
examined the DBR research processes with respect to their results pre-
sented in the identified literature in more detail. This examination, 
which is presented in section 4.1, showed that the results of educa-
tional DBR processes are described in partially vague, divergent, or 
even conflicting ways with respect to actors and steps to follow. 
Hence, we widened the scope of our literature review again to include 
articles that do not solely focus on DBR processes in order to examine 
whether DBR research results are examined more systematically in 
other studies. As described at the end of section 4.1, we could identify 
approaches that attempt to structure the different result types along 
their potential generalisability, but also leave room for interpretation 
with respect to the nature of the results. 

An equivalent search approach was followed to identify literature for 
DBR in IS research. The literature analysis on DBR process models in 
this discipline showed that the highly cited and widely applied process 
model by Peffers et al. (2007) does not offer a differentiated debate 
about DBR results. Therefore, we also widened the scope of our review 
to focus on the results of DBR, even if not presented in conjunction 
with a process model. This search identified the Design-Science Re-
search Contribution Types Model by Gregor & Hevner (2013), which 
has already been mentioned in the introduction. The model offers a 
structured and differentiated view on DBR results. We thus used this 
model as a frame of reference for examining the potential for appro-
priation of models developed in the field of IS-centric research in edu-
cational DBR. In our final step towards answering the research ques-
tion, we examined the individual research results mentioned in the 
model of Gregor & Hevner (2013) in more detail to be able to assess 
their applicability to the results of educational DBR. In discussing the 
potential assignment of these results to the Contribution Types Model 
in section 5, we show both the conceptual and practical added value 
which such an appropriation can have, and demonstrate how it could 
inform the development of research process models that explicitly 
consider the dichotomy of research and practice in educational DBR. 

 

Goals and characteristics of DBR 

This section contrasts the goals and characteristics of DBR in educa-
tional sciences and IS research. This provides the foundation necessary 
to analyse the conceptual understanding of research results gained in 
DBR research processes in section 4. In the following, we first discuss 
the goals of DBR and then elaborate on its characteristics by examining 
the central activities of the research processes described in literature. 
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Goals of DBR 

Educational Sciences:  
Van den Akker (1999) states „that 'traditional' research approaches 
(e.g. experiments, surveys, correlational analyses), with their focus on 
descriptive knowledge, hardly provide prescriptions with useful solu-
tions for a variety of design and development problems in education.” 
Design-based research (referred to as “Development Research” by Van 
den Akker in 1999 and “Educational Design Research” in 2006) aims to 
close this gap and supports the development of innovation in practice 
by solving practical problems through scientific processes (Van den Ak-
ker, 1999; Van den Akker et al., 2006). Even earlier, Brown (1992) has 
pointed out challenges when aiming to integrate laboratory innova-
tions into real classrooms and describes an approach to conduct de-
sign experiments. Even though different approaches exist that use dif-
ferent terms to refer to DBR (e.g. Design Experiments, Educational De-
sign Research, Design Research, Design-based Research), they all pur-
sue two fundament goals: 1) solving problems in educational practice 
through design-based research processes and 2) generating new 
(transferable) knowledge through the evaluation of the designed solu-
tion for contributing to theory development (Anderson & Shattuck, 
2012; Barab & Squire, 2004; Cobb et al., 2003; Easterday et al., 2014; 
Edelson, 2002; Euler, 2014; McKenney & Reeves, 2014; Reinmann, 
2017; Van den Akker, 1999). DBR projects necessarily have a longer-
term perspective than one-off design projects to allow improving the 
developed solutions and “advance theoretical understanding” (Gunn 
& Steel, 2012). 
 
Information Systems Research: 
This understanding of DBR is compatible to the field of IS, as the state-
ment of Gregor et al. (2020) shows: 

“Design science research (DSR) aims to provide 
knowledge that has scientific legitimacy and also 
provides utility in achieving goals” (Gregor et al., 

2020). 

Walls et al. (1992) provide a similar explanation to the purpose of DBR 
in the same domain. They state that the fundamental difference be-
tween “traditional” research approaches and DBR lies in the overarch-
ing objective of research: While natural and social science focuses 
mainly on describing existing phenomena, DBR projects aim to support 
reaching a goal directly through research processes (Walls et al., 1992). 

Scientific IS literature over the years has developed seemingly diver-
gent DBR approaches: On the one hand, a DBR understanding with a 
strong focus on knowledge acquisition and theory development (e.g. 
Gregor & Jones, 2007) and on the other hand, an understanding with 
a focus on development of design objects and problem solving (e.g. 
Hevner et al., 2004). To consolidate these two superficially different 
areas of consideration in scientific discourse, Gregor & Hevner (2013) 
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have published a joint article. They state that the two approaches ad-
dress “complementary rather than opposing perspectives” because 
both, generating new knowledge and solving practical problems have 
to be considered as objectives of DBR (Gregor & Hevner, 2013). 

To sum up, solving a practical problem and gaining new knowledge 
about the solution to consider DBR in a different context than the orig-
inal are the overarching goals of DBR in both disciplines. Thus, alt-
hough different terms are used (also within the disciplines), our review 
suggests that what is referred to as DBR in the two disciplines is in prin-
ciple compatible due to their correspondence with respect to its goal 
and outcome. 

 

Characteristics of DBR processes 

After having shown the compatibility of the goals of DBR approaches 
in educational and IS research, this section examines whether the 
common research objectives also lead to similar characteristics of the 
research processes. 

Educational Sciences:  
Several models proposed in educational literature address the activi-
ties of the research process: outlining a process of “analysis, design, 
evaluation and revision”. Van den Akker (1999) describes four activi-
ties that are “iterated until a satisfying balance between ideals and re-
alization has been achieved.” McKenney & Reeves (2014) present a 
“generic model for design research” with three “main stages” includ-
ing an “interaction with practice”. They describe a flexible and iterative 
process including the activities “analysis/exploration”, “design/con-
struction”, and “evaluation/reflection” (McKenney & Reeves, 2014). 
Wozniak (2015) adds conjectures about the effects of the design ele-
ments as a separate activity to the model of McKenney & Reeves. Euler 
(2014) describes similar but more differentiated activities in a “re-
search and development cycle”: The cycle presents the analysis of the 
underlying problem and the scientific literature in two phases that in-
teract with each other. The evaluation is also considered in a more dif-
ferentiated way. The cycle includes 1) formative evaluations of the 
prototype in an early stage of the research process for gaining infor-
mation to improve the design and 2) a summative evaluation “after an 
advanced refinement” (Euler, 2014). The summative evaluation can 
lead to further problem analysis and iterative runs through the entire 
process again (Euler, 2014). The research model of Easterday et al. 
(2014) also outlines the phases of analysis, development, and evalua-
tion. In contrast to the models mentioned above, Easterday et al. 
(2014) include the definition and consideration of the research aims in 
their process description. 
The analysis of the different process models shows that all of them 
describe the activities “analysis”, “development” and “evaluation” as 
core elements of a DBR process. The activities are usually imple-
mented iteratively and flexibly until a satisfactory solution is devel-
oped and new knowledge is gained (where both “satisfactory” and 
“novel” largely remain vague concepts). The models differ in the 
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differentiation of the individual activities and the description of further 
steps. McKenney & Reeves (2014) conducted a literature review to 
identify common characteristics of DBR processes. They also identify 
the iterative and flexible character of the research process for problem 
solving and knowledge acquisition as the following list shows: DBR is 
… 

• “pragmatic because it is concerned with generating 
usable knowledge and usable solutions to problem 
solving […] 

• grounded because it uses theory, empirical findings 
and craft wisdom to guide the work […] 

• interventionist because it is undertaken to make a 
change in a particular educational context […] 

• iterative because it generally evolves through multi-
ple cycles of design, development, testing and revi-
sion […] 

• collaborative because it requires the expertise of 
multidisciplinary partnerships, including researchers 
and practitioners, but also often others […] 

• adaptive because the intervention design and some-
times also the research design are often modified in 
accordance with emerging insights […] 

• theory-oriented not only because it uses theory to 
ground design, but also because the design and de-
velopment work is undertaken to contribute to a 
broader scientific understanding” (McKenney & 
Reeves, 2014).  

Information Systems Research: 
IS literature shows compatible activities with comparable characteris-
tics in the Design Science Research (DSR) process: 
Peffers et al. (2007) offer a model for supporting the implementation 
of DSR that has received wide attention and can be considered to be 
well-established and validated (Baskerville et al., 2018; Gregor & He-
vner, 2013). They describe six activities of the research process: “Iden-
tify Problem & Motivation”, “Define Objectives of a Solution”, “Design 
& Development”, “Demonstration”, “Evaluation”, and “Communica-
tion”. The comparison with the models from educational literature 
shows that the core elements identified above “analysis”, “develop-
ment” and “evaluation” are also included in the model of Peffers et al. 
(2007). Their approach is also flexible and iterative with different entry 
points in the research process. 

Adaptive and iterative processes are also described as characteristic 
for DSR by Venable (2006). Furthermore, he highlights an interplay of 
theory development, development of solutions for practical problems, 
and evaluation. Thus, the characteristics “pragmatic”, “iterative”, 
“adaptive”, “interventionist”, and “theory-oriented” proposed by 
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McKenney & Reeves (2014) are also considered relevant in conceptu-
alizations proposed in IS research. Kuechler & Vaishnavi (2012) men-
tion the inclusion of theories and practical knowledge in the design 
process to gain new knowledge through evaluation of the developed 
solution. The consideration of theory, practical knowledge, and find-
ings from the evaluation are highlighted in various articles in IS litera-
ture (Goldkuhl, 2004; Gregor & Jones, 2007; Hevner, 2007). Thus, the 
characteristics „grounded“ and „collaborative” as proposed by McKen-
ney & Reeves (2014) also correspond to the descriptions of DSR in the 
field of IS. 

To sum up, both the core elements and the associated characteristics 
from the educational DBR correspond to the concepts proposed in IS 
research. The description and analysis of this section show a concep-
tual compatibility between the disciplines, although the details and 
differentiation of the activities can vary in the different model pro-
posals (even within one discipline). 

This section has given an overview of the goals and characteristics of 
DBR in educational research and IS research and showed a common 
underlying understanding in both disciplines based on the reviewed 
literature. Demonstrating the compatibility of understanding was the 
necessary first step for examining the potential for appropriation of 
“Design Science Research Contribution Types” by Gregor & Hevner 
(2013) in the educational context. 

 

Results of DBR processes 

The fundamental compatibility of aims and processes in DBR in the two 
examined disciplines now allows to examine and compare the concep-
tual understanding of results of DBR from the perspective of both dis-
ciplines more closely. The first section takes up the educational DBR 
process models of the previous section to examine the associated re-
search results. The second section focuses on the DSR results from an 
IS perspective focusing on the “Design Science Research Contribution 
Types” by Gregor & Hevner (2013). The last section brings the identi-
fied findings together and puts them in mutual context. 

 

DBR results in educational sciences 

DBR aims both to solve practical problems through the development 
of solutions and to gain new scientific knowledge (Anderson & Shat-
tuck, 2012; Barab & Squire, 2004; Cobb et al., 2003; Easterday et al., 
2014; Edelson, 2002; Euler, 2014; McKenney & Reeves, 2014; Rein-
mann, 2017; Van den Akker, 1999). The dual objective leads to ten-
sions and challenges in achieving a common understanding of DBR re-
sults and the expectations on the generalisability of scientific 
knowledge gained through DBR processes (Reinmann, 2017). The pro-
cess descriptions described in section 3 can lead to fundamentally dif-
ferent types of research outputs, as the following section shows. 

4.0 
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Section 4.1.2 compares these types of outputs and focuses on the na-
ture of scientific knowledge. 

 

Results of educational DBR processes 

Van den Akker (1999) describes “interventions” and “design princi-
ples” as potential outcomes of DBR. While an intervention “is espe-
cially oriented towards practical ends in a given situation”, design prin-
ciples “strongly reflect scientific scholarly aspirations” and correspond 
to “the major knowledge to be gained” through a DBR process. The 
term “intervention” comprises “products, programs, materials, proce-
dures, scenarios, processes, and the like.” Empirical testing of these 
interventions – usually through formative evaluation – allows to derive 
design principles (DP) that describe the “essential character of the in-
tervention” as “heuristic statements” (Van den Akker et al., 2006). Van 
den Akker proposes a format for the formulation of design principles: 

"If you want to design intervention X [for the pur-
pose/function Y in context Z], then you are best 

advised to give that intervention the characteris-
tics A, B, and C [substantive emphasis], and to do 
that via procedures K, L, and M [procedural em-
phasis], because of arguments P, Q, and R" (Van 

den Akker, 1999). 

Furthermore, he mentions that existing theoretical knowledge influ-
ences the design choices. The empirical testing of the designed inter-
vention generates new theoretical knowledge with different scopes 
and generalisability: 

“[…] these theoretical notions are usually referred 
to as 'mini'- or 'local' theories, although some-
times connections can also be made to 'middle-

range' theories with a somewhat broader scope” 
(Van den Akker et al., 2006). 

McKenney & Reeves (2014) consider “maturing interventions” as a 
practical outcome and “theoretical understanding” as a scientific out-
come of DBR in their generic process model. They refer to Van den 
Akker (1999) when highlighting design principles as “probably the 
most prevalent” kind of scientific outcome in DBR processes. Further-
more, they refer to different other kinds of theoretical knowledge such 
as descriptive or declarative knowledge produced by DBR. McKenney 
& Reeves (2014) use different examples from literature to illustrate 
the wide range of possible interventions (e.g. e-learning courses, 
learning games) and theoretical knowledge (e.g. design principles of 
online courses). They also claim that “generalisability” of findings is a 
particular challenge of DBR because 

“educational design research takes place in natu-
ral settings where more variables are present than 

can be controlled for, the findings from these 
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studies cannot yield immutable rules, easily trans-
ferred without consideration. […] when designs 

are tested in multiple settings and under varying 
conditions, or when design features are systemati-
cally varied under similar conditions, theory devel-

opment can occur through analytic generaliza-
tion” (McKenney & Reeves, 2014). 

As noted in the previous section, Wozniak (2015) adds the concept of 
“conjectures” about the effects of the design elements to the model 
of McKenney & Reeves. Conjectures can “help to identify new areas of 
analysis and […] provide a clear rationale for making changes to the 
designed solution […], or guide further evaluation directions during the 
next iteration.” They “can also focus later retrospective analyses to im-
prove the trustworthiness of the outcomes […], namely the DPs and 
emergent theories” (Wozniak, 2015). This statement and the accord-
ing process model show that Wozniak does not refer to interventions 
as key outcome of DBR. Rather, the “results from iterations”, including 
the design of interventions, lead to the development of “design prin-
ciples” and “theoretical understanding” as key outcomes of DBR (Woz-
niak, 2015). 

The process model of Euler (2014) shows DBR results both as proto-
types of interventions to solve practical problems and design princi-
ples based on the evaluation of the prototypes. He refers to the sug-
gestion of Van den Akker (1999) for the formulation of design princi-
ples already mentioned above. According to Euler (2014), formative 
evaluations of the intervention in a cyclic process enable the genera-
tion of design principles. Finally, a summative evaluation may lead to 
the formulation of “consolidated design principles”. 

Easterday et al. (2014) visualize the DBR process by mapping the activ-
ities to be carried out. The process model focuses on showing how re-
search processes of different scientific research methodologies can be 
incorporated “into design of another product such as an educational 
intervention” (Easterday et al., 2014). However, the results of the re-
search processes are not specified in detail. The authors mention edu-
cational interventions and design principles as well as theories in the 
context of DBR results: 

“We have defined DBR as a process that inte-
grates design and scientific methods to allow re-

searchers to generate useful educational interven-
tions and effective theory for solving individual 

and collective problems of education” (Easterday 
et al., 2014). 

In later works, they provide further explanations to the nature of DBR 
results: They describe DBR results as “products” including “arguments 
for how people should learn” (Easterday et al., 2018). Easterday et al. 
(2018) differ between “practical and theoretical products.” While the 
former comprise “prototypes that promote learning in the real world”, 
the latter 
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“are the representational design models describ-
ing how to design learning environments that help 
people learn. Design models take the form of blue-

prints that describe the necessary and sufficient 
characteristics of the learning environment and 

the causal mechanisms by which it promotes 
learning in a given context. These design models 

also include design arguments and mock-ups, 
which are supported by principles and frameworks 
that aid in the construction of design models that 

guide design” (Easterday et al., 2018). 

Design models arise from several iterations of the design process and 
should be transferable to other contexts. The main types of results 
that emerge from DBR as “theoretical products” are “design principles, 
patterns, and ontological interventions” (Easterday et al., 2018). 

To sum up, the reviewed literature gives a heterogeneous picture of 
potential results of DBR: “practical interventions”, “design principles”, 
and “theories” are named as potential results (outcomes, products) of 
DBR processes. In particular, the role and nature of theoretical 
knowledge is ambiguous when taking a closer look at the different 
types of results of the research process, as the following section 
shows. 

 

The role of theoretical knowledge in educational DBR 

Although there appears to be a common understanding that the de-
velopment and evaluation of an intervention provides the basis for 
gaining theoretical knowledge, the intervention itself is not considered 
as a result of DBR by all authors, like the article of Wozniak (2015) 
shows. Overall, while “interventions” are classified as practical out-
comes in terms of prototypical problem solutions, both “design princi-
ples” and “theories” are assigned to scientific outcomes. However, 
there is an inconsistent picture with respect to the theoretical results 
that emerge from DBR as shown in the following. 

Van den Akker (1999) mentions the possibility to develop theoretical 
knowledge as local or middle-range theories based on the evaluation 
of the intervention as a result distinct from design principles as the 
most prevalent outcome of DBR. McKenney & Reeves (2014) agree 
with Van den Akker that design principles are “probably the most prev-
alent” kind of scientific outcome. However, they also describe theoret-
ical knowledge, such as descriptive or declarative knowledge, as a po-
tential result of DBR. Wozniak (2015) highlights “emergent theories” 
as scientific outcomes again being distinct from the result type of “de-
sign principles”. While Euler (2014) focuses exclusively on “design prin-
ciples” as theoretical outcomes, Easterday et al. (2018) present “de-
sign models” as a broader approach that are informed by “design prin-
ciples” and “frameworks”. Furthermore, they highlight that “design 
principles, patterns, and ontological interventions” are preferred types 
of theories that emerge from DBR processes (Easterday et al., 2018). 

4.1.2 
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Hence, the comparison of the approaches shows an inconsistent pic-
ture with respect to their understanding of theoretical DBR outcomes. 
Furthermore, the nature of theories and their connections to design 
principles remain largely vague and unresolved even within the ap-
proaches. The identified literature on DBR processes and their out-
comes does not suggest a structured view or any consistent state-
ments when referring to the nature of theoretical knowledge. By re-
visiting the results of our literature review, we thus widen the scope 
of our study to include articles that discuss educational DBR in a ge-
neric way, i.e. without explicitly focusing on the research process and 
its results. In this way two further studies could be identified that pro-
vide relevant perspectives on the role and nature of theory in DBR. 

Edelson (2006) mentions that “the appropriate product for design re-
search is warranted theory” in terms of a generalisable theory. In con-
trast to the approaches mentioned above, he gives a structured over-
view of “three kinds of theories that can be developed through design 
research” (Edelson, 2006): 

1. Domain theories as “the generalization of a portion of a 
problem analysis” can be divided into two different types: 

o A context theory is a theory about a design setting, 
such as a description of the needs of a certain popula-
tion of students, the nature of certain subject matter, 
or of the organization of an educational institution. 

o An outcomes theory describes the effects of interac-
tions among elements of a design setting and possible 
design elements (Edelson, 2006). 

2. Design frameworks as a “generalized design solution. It pro-
vides guidelines for achieving a particular set of goals in a 
particular context. A design framework rests on domain the-
ories regarding contexts and outcomes” (Edelson, 2006). 

3. Design methodology as “a general design procedure that 
matches the descriptions of design goals and settings to an 
appropriate set of procedures” (Edelson, 2006). 

Edelson (2006) puts both “design frameworks” and “design methodol-
ogy” in relation to the concepts of “design principles” as proposed by 
Van den Akker (1999). While the former correspond to “substantive 
design principles” (see section 4.1.1), the latter is described by Van den 
Akker (1999) as a set of “procedural design principles” (see section 
4.1.1). 

Another approach to structure theoretical knowledge gained through 
DBR comes from Gravemeijer & Cobb (2006). They state that DBR al-
lows to develop “instruction theories” situated on three different lev-
els: 

1. “At the level of instructional activities (micro theories) 

2. At the level of instruction sequence (local instruction theories) 
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3. At the level of the domain-specific instruction theory” (Grave-
meijer & Cobb, 2006). 

While Gravemeijer & Cobb (2006) focus on “instruction theories” as 
theoretical DBR outcome, Edelson (2006) additionally describes “do-
main theories” that have a declarative nature rather than an instruc-
tive one. In contrast, “design frameworks” and “design methodolo-
gies” correspond to principles that give prescriptions on how to do 
something for achieving a special goal (Edelson, 2006). Thus, design 
frameworks and methodologies are comparable to instruction theo-
ries based on Gravemeijer & Cobb (2006). 

Summarizing, DBR aims to develop both problem solutions and new 
knowledge. While interventions as problem-solving approaches situ-
ated in a concrete context correspond to practical research outcomes, 
there is an inconsistent picture of theoretical knowledge that can arise 
through a DBR process: On the one hand, the evaluation of problem-
solving approaches can lead to prescriptive knowledge (design princi-
ples, instruction theories, design frameworks, design methodologies) 
that includes instructions or principles on how to do something to 
reach a defined goal. Although these kinds of outputs should be trans-
ferable to other contexts, the identified literature does not describe 
how their generalisability can be assessed and described in a struc-
tured way. Thus, the question of what constitutes a theory in this con-
text remains unclear due to a lack of consistent and structured view 
on prescriptive theoretical outcomes. On the other hand, DBR can also 
lead to the development of descriptive or declarative knowledge 
(McKenney & Reeves, 2014), which Edelson (2006) refers to as domain 
theories. These theories mainly focus on descriptions of observable 
phenomena identified through investigations in DBR projects, instead 
of prescribing of how to do something. 

To conclude, literature on educational DBR offers a broad and diverse 
range of theories and theoretical knowledge gained through a DBR 
process. Although a high-level classification in two different kinds of 
knowledge (prescriptive knowledge/theories vs. descriptive or declar-
ative knowledge/domain theories) can be identified based on the re-
viewed literature, the underlying concepts largely remain vague and 
are sometimes ambiguous, in particular in the area of prescriptive the-
ories. There, the lack of systematic and consistent view of how differ-
ent types of theories relate to each other with respect to their gener-
alisability is evident, which leads to ambiguity when assessing the 
transferability of such DBR results. 

 

DBR results in Information Systems Research 

While the former section gave an overview of different approaches to 
results of DBR in the field of educational sciences, this section ad-
dresses the perspective of IS research. It focuses on the “Design Sci-
ence Research Contribution Types” proposed by Gregor & Hevner 
(2013) as they provide a widely recognized and adopted structured 
view on Design Science Research results. We again review their 

4.2 
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proposed types of research, before we elaborate in more detail on the 
different perspectives on the nature of theoretical knowledge in DBR 
in the field of IS. 

 

Results of DBR processes in Information Systems Research 

In IS literature on DBR, the results of the research process are generally 
referred to as “artifacts”. An artifact is often understood as something 
transferable into a material object (Goldkuhl, 2002) and often “ha[s] 
some degree of abstraction but can be readily converted to a material 
existence” (Gregor & Hevner, 2013). Simon (1996) states that artifacts 
“are synthesized […] by human beings […]” and “can be characterized 
in terms of functions, goals, adaption.” In line with the research disci-
pline, artifacts often manifest in the form of socio-technical systems 
such as decision support systems or modelling tools (Gregor & Hevner, 
2013). 

The term of Design-based Research is rarely used in the IS domain. Ra-
ther, the discipline is referred to as “Design Science”, which aims to 
generate scientifically legitimated knowledge in addition to concrete 
problem solutions. Usually, the design, implementation, and evalua-
tion of specific artifacts are the basis for knowledge generation in a 
“Design Science Research” (DSR) approach (Baskerville et al., 2018; 
Gregor & Hevner, 2013). The gained knowledge corresponds to “oper-
ational principles” or/and “design theories” that themselves are con-
sidered artifacts in IS research (Gregor & Hevner, 2013). Therefore, ar-
tifacts can manifest on different levels of abstraction which influences 
the “possibilities of generalizing” and therefore the transfer to other 
contexts. Such levels of abstraction can comprise design theories, op-
erational principles, or specific instantiations of software (Gregor & 
Hevner, 2013). Hence, artifacts on different levels of abstraction rep-
resent distinct contribution types (i.e. results) of Design Science Re-
search, as Fehler! Verweisquelle konnte nicht gefunden werden. il-
lustrates. 

 

Table 1: Contribution Types by Gregor & Hevner, 2013, p. 3 

 

Contribution Types Example Artifacts

More abstract, complete, and 
mature knowledge

Level 3: Well-developed design 
theory about embedded phenomena

Design theories  (Mid-range and 
grand theories)

Level 2: Nascent design theory - 
knowledge as operational 
principles/architecture

Constructs, methods, models, 
design principles, technological 
rules.

More specific, limited, and less 
mature knowledge

Level 1: Situated implementation of 
artifact

Instantions (software products or 
implemented processes)

Design Science Research Contribution Types

4.1.1 
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Table 1 shows three possible levels of abstraction of artifacts as pro-
posed by Gregor & Hevner (2013). The results of a research process 
can comprise one or more artifacts potentially on different abstraction 
levels. Artifacts are situated at level 1 when the contribution is some 
concrete “product” such as software that solves a concrete problem. 
Such artifacts do not offer any abstraction from their situated imple-
mentation and do not allow to explicate any underlying principles. 
Therefore, the possibility of transferring the artifact to other areas is 
very low. Level 1 artifacts are implemented to solve a particular prob-
lem in a particular context (Gregor & Hevner, 2013). 

In contrast, artifacts on level 2 fundamentally are more abstract and 
are applicable to different contexts. Such artifacts describe underlying 
methods, constructs, design rules, or design principles. Gregor et al. 
(2020) identify different possibilities for describing design principles 
from literature. The starting point is the consideration that design prin-
ciples should be useful to both practitioners and researchers. While 
practitioners need design principles for direct application in practice, 
researchers use them for knowledge generation, as the following 
quote illustrates: 

“[…] design principles are used by implementers 
who apply them in practice and theorizers who 
use them to capture knowledge. The nature of 

these actors should be considered in the formula-
tion of design principles, especially in terms of the 
principle’s level of generality and whether decom-

position to lower levels is needed to make it un-
derstandable by the intended audience. Providing 
a title or label for a design principle can assist in 
conveying the principle’s main point”(Gregor et 

al., 2020). 

Thus, the target group must always be considered when formulating 
design principles to choose the appropriate level of abstraction. Design 
principles provide prescriptive statements and represent an important 
part of design theories, although they are not yet design theories 
(Gregor et al., 2020). 

Artifacts on level 3 are referred to as “design theories”. Design theo-
ries represent artifacts at the highest level of abstraction, which com-
prehensively describe phenomena that are investigated in the re-
search process (Gregor & Hevner, 2013). Walls et al. (1992) define de-
sign theories as prescriptive theories: 

“While explanatory theories tell ‘what is’, predic-
tive theories tell ‘what will be’, and normative the-

ories tell ‘what should be’, design theories tell 
‘how to/because”(Walls et al., 1992). 

The development of artifacts at a lower level of abstraction is the basis 
for theory development. This is followed by iterative steps in which 
generalisation can take place to generate increasingly abstract 
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knowledge. The scope of design theories still can be limited – it is pos-
sible to develop parts of a theory or incomplete theories that are only 
applicable to a subset of the problem space (Gregor & Hevner, 2013). 

To sum up the contribution types model by Gregor & Hevner (2013), 
all results of Design Science Research are artifacts situated on different 
levels of abstraction. The level indicates the demand for generalisabil-
ity. While an artifact on level 1 is only applicable in a specific context, 
artifacts on level 2 and 3 include principles or instruction in the form 
of prescriptive knowledge that is transferable to other practical con-
texts. The next section examines the nature of theory based in IS liter-
ature in more detail. 

 

The role of theoretical knowledge in IS Design Science Research 

Gregor & Hevner (2013) use the term “theory” to refer to artifacts on 
level 2 and 3 in their contribution type model. While level 2 describes 
nascent theories in the form of operational principles, theories on level 
3 represent “well developed design theor[ies] about embedded phe-
nomena.”  
Gregor et al. (2020) highlight design principles as essential compo-
nents of level 2 and level 3 artifacts. Their formulation differs in the 
level of abstraction and needs to be adapted to the intended target 
group. They propose a conceptual schema for design principles, as 
shown in Table 2. 
 
Table 2: Scheme for design principles by Gregor et al., 2020, p. 23 

 
 
While the “implementer” translates the abstract design principle into 
a concrete design context, users are the people whose goals are to be 
achieved. The term "enactors" is typical for socio-technical systems. It 
describes who or what executes the mechanism – this can be a com-
puter but also a person. For artifacts on the verge between level 2 and 
1, the enactor can also be the user itself (Gregor et al., 2020). 

4.2.2 
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Besides design principles, design theories should include further com-
ponents for presenting prescriptive knowledge (Gregor & Jones, 
2007): 

• Purpose and scope of the theory 
• Constructs or elements the theory consists of 
• Artifact mutability  
• Testable propositions (truth statements) about the design the-

ory 
• Knowledge sources (Gregor & Jones, 2007) 

As the last point indicates, design theories are usually grounded in 
knowledge sources as “kernel theories” or “justificatory knowledge”: 
“A mature body of design knowledge should include kernel theory be-
cause such theory explains, at least in part, why the design 
works”(Gregor & Jones, 2007). 
While “kernel theories” represent scientific knowledge from any IS dis-
cipline and theories, “justificatory knowledge” has a more informal 
character usually based on knowledge from practice (Gregor & Jones, 
2007). Besides this theoretical foundation of design theories, the the-
ory should be validated through empirical evidence and its internal co-
hesion and consistency (Goldkuhl, 2004). 
Gregor (2006) describes design theory as one of five different kinds of 
theories in the field of IS. She proposes a taxonomy of theory types for 
explaining their attributes (see Table 3). 
 
 
Table 3: A Taxonomy of Theory Types by Gregor, 2006, p. 620 

 

 
Furthermore, Gregor (2006) presents the interrelationships among the 
theory types as Figure 1 shows. 
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Figure 1: Interrelationships among the theory types by Gregor, 2006, 
p. 630 

 

In the context of design theory, the following quote explains their in-
terrelationships: 

“Design theory can be informed by all other clas-
ses of theory. […] Design theory and EP theory are 
strongly interrelated. Knowledge of people and in-
formation technology capabilities informs the de-
sign and development of new information system 

artifacts. These artifacts can then be studied in 
terms of EP theory: what impacts do the artifacts 

have in the work place and in society” (Gregor, 
2006). 

Baskerville et al. (2018) refer to the theory types by Gregor (2006). 
They highlight that design science “looks for prescriptive type 5 theory 
(theory for design and action), and not necessarily types 1 to 4” 
(Baskerville et al., 2018). 

Even if prescriptive knowledge in the form of a design theory repre-
sents a research contribution in the current IS research (Baskerville et 
al., 2018; Gregor, 2006), historically there used to be different per-
spectives on theoretical contribution types: March & Smith (1995) 
highlight constructs, methods, models, and implementation as out-
comes of design science. However, they mention the term theory only 
in the context of the natural science research. A similar approach was 
taken by Hevner et al. (2004) in their early research. They described 
different contributions without focusing on theory development. This 
approach has changed in more recent publications, as the “Design Sci-
ence Research Contribution Types” (Gregor & Hevner, 2013) men-
tioned above shows. Additionally, different other authors support the 
view that a design theory represents theoretical contributions of De-
sign Science (Baskerville et al., 2018; Goldkuhl, 2004; Gregor & Jones, 
2007; Simon, 1996; Walls et al., 1992). 

In general, there are different views on theory depending on “philo-
sophical and disciplinary orientations” (Gregor, 2006). Based on a 

(IV) Theory for 
explaining and 

predicting
(ER theory)

(V) Theory for
design and action

(III) Theory for
prediciting

(I) Theory for
analyzing

(II) Theory for
explaining
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review on different perspectives on theory, Gregor (2006) comes to 
the conclusion that theories are 

“[…] abstract entities that aim to describe, ex-
plain, and enhance understanding of the world 

and, in some cases, to provide predictions of what 
will happen in the future and to give a basis for in-

tervention and action” (Gregor, 2006). 

Although “generalisation” represents essential requirements on theo-
ries, there are different approaches with respect to the level of gener-
alisation, the breadth of focus and the boundaries of theories (Gregor, 
2006). 

To sum up, design theory is one type of theory in IS research. It repre-
sents prescriptive knowledge that Design Science Research ap-
proaches primarily aim to develop. Design theories are usually 
grounded in a knowledge base (kernel theory, justificatory knowledge) 
and consists of design principles. Design principles are a key require-
ment for theoretical knowledge gained through a DSR process. Based 
on their level of abstraction, they are referred to as nascent design 
theories or as well-developed design theory. 

 

Comparison and Synthesis 

This section provides an overview of the understanding of DBR results 
and the role of theory therein from the perspective of educational sci-
ences and IS research. In the former section we have outlined the ap-
proaches for each discipline separately in order to enable a compre-
hensive overview. This section brings the approaches of the two disci-
plines together in an analytical way and identifies commonalities and 
differences. 

Educational Sciences: 

Section 4.1 has demonstrated the heterogeneous picture of educa-
tional DBR results, where there is ambiguity and vagueness with re-
spect to which types of knowledge can be gained in a DBR process. The 
literature analysis allowed to identify two fundamental types of 
knowledge that can emerge through a DBR process: On the one hand, 
McKenney & Reeves (2014) and Edelson (2002) describe that a DBR 
process can lead to new descriptive or declarative knowledge (accord-
ing to Edelson: domain theories) that describe and/or explain naturally 
occurring phenomena observable through investigations in DBR pro-
jects. On the other hand, Edelson (2006) and Gravemeijer & Cobb 
(2006) highlight prescriptive knowledge (design principles, instruction 
theories, design frameworks, design methodologies) as an outcome of 
DBR that includes instructions or principles on how to do something to 
reach a defined goal. There is, however, none of the established con-
ceptualization of how these different kinds of prescriptive knowledge 
relate to each other, in particular with respect to their generalisability. 
Additionally, the ways to produce the different types of theoretical 

4.3 
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knowledge is not described consistently in the reviewed process mod-
els. 

Information Systems Research: 

In IS research, Gregor (2006) presents five different types of theories 
(theory for analysing, explaining, predicting, explaining and prediction, 
design and action) that are relevant in this field. In general, theories 
are defined as “abstract entities” with the goals of their application 
depending on the theory type (Gregor, 2006). Baskerville et al. (2018) 
refer to these theory types and state that design science “look for pre-
scriptive type 5 theory (theory for design and action)” and not neces-
sarily for the other types. According to these findings, DSR can involve 
the application of different types to theories, with the primary goal of 
developing design theories that represent prescriptive knowledge. To 
structure the different possible outcomes, Gregor & Hevner (2013) 
present the model of “Design Science Research Contribution Types” 
that classifies DBR outcomes based on their level of abstraction. Ac-
cording to the model, all outcomes of a DBR process can be described 
as artifacts situated on different levels of abstraction. Thus, concrete, 
situated interventions, more generic design principles, and prescrip-
tive theories (design theories) are all artifacts and possible results of 
DBR (Gregor & Hevner, 2013). 

Comparison & Synthesis: 

Comparing the approaches proposed in the two disciplines shows that 
both describe prescriptive knowledge and other types of knowledge 
as possible theoretical DBR outcomes. While IS literature highlights de-
sign theories (including design principles) as primarily expected theo-
retical DBR outcomes (without explicitly excluding other types of the-
ory), educational literature lacks this clear focus on prescriptive theo-
ries. Although the identified authors mention design principles as the-
oretical knowledge gained through DBR processes (Easterday et al., 
2018; Edelson, 2006; Gravemeijer & Cobb, 2006; McKenney & Reeves, 
2014; Van den Akker, 1999; Wozniak, 2015), an inconsistent and partly 
vague picture arises when different authors use the term “theories” or 
further theoretical knowledge that refer to results that go beyond de-
sign principles. Nevertheless, educational literature presents prescrip-
tive knowledge in the form of design principles as a theoretical DBR 
outcome that is comparable to prescriptive knowledge in IS. 

Based on the previous findings, prescriptive knowledge is a typical and 
the primary outcome for DBR, which sets it apart from other research 
approaches. The type of theory that can be derived from DBR depends 
on the research focus and the “philosophical and disciplinary orienta-
tion” (Gregor, 2006) so that further theoretical knowledge gained 
through DBS can vary according to the research context. DBR in IS re-
search in general and the presented “Design Science Research Contri-
bution Types” focus exclusively on prescriptive knowledge (see section 
4.2.1) and provide structure to an aspect that is left particularly vague 
and ambiguous in educational DBR. Hence, in line with the research 
question of this work, examination of the potential for appropriation 
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of the model now focuses on prescriptive knowledge gained through 
DBR. 

 

Appropriation of models 

The former section gave insights into the perspectives of DBR results 
focusing on the different kinds of theoretical knowledge in the field of 
educational and IS research. Since the identified educational literature 
provides an incoherent picture on which types of theoretical results 
can be achieved and how they relate with each other, this section ex-
amines whether the “Design Science Research Contribution Types” by 
Gregor & Hevner (2013) can be used to enable a more concise while 
differentiated consideration. 

To examine the appropriation in the educational context, we re-exam-
ine all approaches to characterise DBR outcomes as described in sec-
tion 4.1 and map them to the model by Gregor & Hevner. Table 4 vis-
ualises this mapping in an extended version of the table describing the 
“Design Science Research Contribution Types” as proposed by Gregor 
& Hevner (2013).  

 

Table 4: Contribution Types by Gregor & Hevner (2013) extended by 
Educational DBR Outcomes 

 

 

Level 1 of Table 4 shows a broad agreement among the authors from 
the identified educational literature to interventions as outcomes of 

Contribution Types Example Artifacts Educational DBR Outcomes 

More abstract, complete, and 
mature knowledge

Level 3: Well-developed design 
theory about embedded phenomena

Design theories  (Mid-range and 
grand theories)

Middle-range theories?
(van den Akker, 1999)

Domain-specific instruction theory?  
(Gravemeijer & Cobb, 2006)

Level 2: Nascent design theory - 
knowledge as operational 
principles/architecture

Constructs, methods, models, 
design principles, technological 
rules.

Design principles
(van den Akker, 1999;
McKenney & Reeves, 2014
Wozniak, 2015;
Euler, 2014;
Easterday et al., 2014)

Mini- or local theories?
(van den Akker, 1999)

Emergent theories?  
(Wozniak, 2015)

Local instruction theories?
(Gravemeijer & Cobb, 2006)

Design frameworks and design 
methodogogy?
(Edelson, 2006)

C

More specific, limited, and less 
mature knowledge

Level 1: Situated implementation of 
artifact

Instantions (software products or 
implemented processes)

Interventions
(van den Akker, 1999;
McKenney & Reeves, 2014;
Euler, 2014;
Easterday et al, 2014)

Micro theories?
(Gravemeijer & Cobb, 2006)

Design Science Research Contribution Types extended by Educatinal DBR Outcomes

5.0 
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DBR processes. Only Wozniak (2015) deviates from this understand-
ing: Wozniak describes the development and implementation of inter-
ventions to gain scientific insights from their evaluation without pre-
senting the interventions themselves as a scientific result. Overall, in-
terventions in an educational context are, for example, “products, pro-
grams, materials, procedures, scenarios, processes” (Van den Akker, 
1999). Their implementation aims to solve practical problems and thus 
represents practical outcomes of DBR processes. This approach corre-
sponds to level 1 by Gregor & Hevner (2013), which comprises “situ-
ated implementations of artifacts”. Artifacts on that level are concrete 
products designed for specific contexts, or – in other words – they pro-
vide a specific solution to a problem. Since an artifact on level 1 is de-
signed for a specific context, no claim of generalisability can be made 
for this type of outcome (Gregor & Hevner, 2013). In educational liter-
ature, Gravemeijer & Cobb (2006) describe the development of in-
structional theories at three different levels. They refer to “micro the-
ories” as “instructional activities” assigned to level 1 in the contribu-
tion model. The question mark in the table indicates an uncertainty 
with this assignment. Although the description indicates a match to 
level 1, it is not clear if Gravemeijer & Cobb would consider their “mi-
cro theories” to be an artifact at level 1 based on Gregor & Hevner 
(2013)’s characterization. In turn, Gregor & Hevner (2013) do not refer 
to level 1 artifacts as “theories”. 

Level 2 of Table 4 shows that design principles are considered a key 
outcome of educational DBR. Van den Akker (1999) states that design 
principles correspond to “the major knowledge to be gained” through 
a DBR process and McKenney & Reeves (2014) define them as “prob-
ably the most prevalent” kind of scientific outcome of DBR. There is 
also a broad agreement that design principles are defined and refined 
based on formative evaluations of the implemented interventions. 
Furthermore, Euler (2014) emphasises the need for a summative eval-
uation to specify consolidated design principles in his process model. 
“Knowledge as operational principles” is situated on level 2 in the con-
tribution type model of Gregor & Hevner (2013). An artifact on level 2 
is applicable to different contexts by describing underlying methods, 
constructs, design rules, or design principles (Gregor et al., 2020). 
Thus, design principles describe more abstract knowledge than inter-
ventions on level 1. Artifacts on level 2 are referred to as “nascent de-
sign theories” because they can form the basis for the emergence of 
theories, although they are not yet design theories (Gregor et al., 
2020). In educational literature, there are different statements on 
which types of theories can be developed through a DBR process. Re-
quirements on these theories in terms of their level of abstraction and 
generalisability often remains unclear or vague. Van den Akker (1999) 
mentions “mini- or local theories” and Wozniak (2015) considers 
“emergent theories” as possible scientific outcomes in an educational 
DBR process. Since they provide no detailed information about their 
understanding of these kinds of theories, it is not sure that their men-
tioned theories are semantically equivalent to “nascent design 
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theories” situated on level 2 of the model of Gregor & Hevner (2013). 
It even remains unclear if they refer to prescriptive or descriptive the-
ories. In contrast, Gravemeijer & Cobb (2006) mention “local 
instruction theories” as one level in their three-level model of 
developing domain-specific theories. Thus, these theories clearly have 
a prescriptive character as it is the case with the theorectical 
contribtions described by Gregor & Hevner (2013). The description 
indicates a compatibility to level 2 of the contribution type model, 
although the explanations in the article entail some uncertainty in this 
classification. 

Level 3 of the table represents artifacts at the highest level of abstrac-
tion and comprehensively describe phenomena investigated in the re-
search process (Gregor & Hevner, 2013). These design theories are de-
fined as prescriptive theories that describe “how to/because” (Walls 
et al., 1992). Although there is a high expectation on the generalisabil-
ity of such artifacts, they do not necessarily have to be comprehensive 
and complete theories with respect to their scope (Gregor & Hevner, 
2013). Gregor et al. (2020) highlights design principles as part of design 
theories situated on a more abstract level. As mentioned above, dif-
ferent authors from educational literature describe theories as DBR 
outcome, too (Easterday et al., 2014; McKenney & Reeves, 2014; Van 
den Akker, 1999; Wozniak, 2015). However, it remains unclear if their 
understanding of a theory developed in a DBR process corresponds to 
prescriptive theories. Additionally, the requirements on the different 
kinds of theories are not clearly described. Thus, an exact mapping to 
level 3 or 2 is difficult to conduct. As described above, “mini or local 
theories” (Van den Akker, 1999) and “emergent theories” (Wozniak, 
2015) could correspond to level 2 because of their attributions “local” 
and “emergent”. In contrast, “middle-range theories” by Van den 
Akker (1999) have a broader meaning and could correspond to level 3. 
However, it remains unclear if the “middle-range theories” represent 
prescriptive theories or refer to other types of knowledge. In contrast, 
Gravemeijer & Cobb (2006), who focus on “domain-specific instruction 
theories”, clearly indicate the prescriptive character of this DBR result. 
Based on the explanations, compatibility with level 3 is probable. 
Easterday et al. (2014) and McKenney & Reeves (2014) focus on design 
principles when highlighting prescriptive knowledge as DBR outcome. 
There is no indication that they refer to design theories on level 3 of 
the model by Gregor & Hevner (2013). The table represents the re-
maining uncertainties by question marks to show that the explana-
tions in the literature do not allow an exact classification and assign-
ment. 

Overall, Table 4 shows that the educational DBR outcomes described 
in the literature can be assigned to the model of Gregor & Hevner 
(2013) in principle. Nevertheless, the vagueness of the descriptions in 
the respective articles does not allow a clear classification of all men-
tioned DBR results due to ambiguities in terms of the nature of theo-
retical knowledge and the level of abstraction. These uncertainties are 
not only a challenge for the present study. They rather lead to 
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uncertainties in the research process itself because it remains unclear 
which kind of results can be expected from different research pro-
cesses that are described for DBR in educational literature. This not 
only leads to limited acceptance of the overall research approach, but 
also makes the communication of the results difficult, since it is not 
possible to clearly indicate the scope of the external validity of the re-
sults. The adoption of the contribution type model can help to avoid 
these ambiguities through a classification of the intended and 
achieved results and also allows to describe more comprehensive and 
concise research process models that enable to explicitly plan DBR that 
incrementally progresses from situated problem solutions to generi-
cally applicable design theories. 

 

Discussion and Conclusion 

In educational literature, researchers highlight the need for develop-
ing and evaluating innovations through design-based research in edu-
cational practice (e.g. Brown, 1992; Collins et al., 2004; Easterday et 
al., 2014; Edelson, 2002; McKenney & Reeves, 2014; Reinmann, 2005; 
Van den Akker, 1999). However, a lack of methodical standards and 
common models in scientific literature hinder the establishment of the 
DBR research approach in educational sciences (Collins et al., 2004; 
Reinmann, 2017). This is different in research disciplines like Infor-
mation Systems (IS) Research (Peffers et al., 2007), where the DBR ap-
proach is more broadly accepted. This paper has aimed to contribute 
to overcome these issues and addressed the lack of unified under-
standing and models to DBR results and their demands for generalisa-
bility in the educational research literature. To this ends, it has exam-
ined the potential for appropriation of the “Design Science Research 
Contribution Types” model by Gregor & Hevner (2013) in the educa-
tional context to contribute to overcome the lack of models and stand-
ards to characterise educational DBR results. 

Our results show that both disciplines follow similar aims with com-
patible elements and associated characteristics. Although using differ-
ent terms, DBR aims to solve practical problems and gain new 
knowledge through an iterative and flexible research process. This 
new knowledge can take different forms, referred to intervention, de-
sign principles, and theories when describing possible results of edu-
cational DBR processes. The nature of theoretical knowledge, how-
ever, remains vague in the analysed literature. While DBR in IS has a 
clear focus on prescriptive knowledge, educational sciences largely do 
not distinguish between different types of theories. Furthermore, the 
relationship between the different result types remains vague and am-
biguous with respect to its generalisability – an aspect that has also 
been addressed more explicitly and clearly in IS research. Therefore, 
the “Design Science Research Contribution Types” by Gregor & Hevner 
(2013) has been used to structure DBR results described in educational 
sciences. The evident vagueness of theoretical outcomes described in 
educational literature led to some cases where results could not be 
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clearly assigned. Nevertheless, the mapping showed that the model is 
useful to offer a comprehensive classification of educational DBR out-
comes. 

The model allows a structured view of potential DBR outcomes that 
helps both planning and conducting the research process. It is neces-
sary to clarify what outcomes are being sought to use appropriate sci-
entific methods throughout the research process based on the tar-
geted level of abstraction. Furthermore, the classification of the re-
search results based on their level of abstraction facilitates their com-
munication and assessment of the validity of the results. Through the 
application of the model, it becomes evident that the development 
and evaluation of a specific intervention requires other research meth-
ods such as overarching principles. Furthermore, the model shows that 
specific interventions developed and evaluated through scientific 
methods can be considered to be relevant and valid research results, 
even if no claim on generalisation can be made yet. As Gregor & 
Hevner (2013) state, the development and evaluation of an artifact at 
a lower level of abstraction is the basis for theory development 
through further DBR research activities in which generalisation can 
take place. Educational research emphasises that longer-term re-
search projects are necessary to improve problem solution and “ad-
vance theoretical understanding” (Gunn & Steel, 2012). The model by 
Gregor & Hevner (2013) enables the classification of the different re-
sults obtained in the entire research project, clearly indicating what 
readers can and should expect when considering to transfer the pre-
sented results to another practice context. 

To conclude, this paper showed that the model of “Design Science Re-
search Contribution Types” by Gregor & Hevner (2013) from IS re-
search is applicable also for the educational context. It offers a struc-
tured view on different kinds of DBR results including their demands 
for generalisability. However, the use of the model is limited to results 
of prescriptive nature, such as descriptions of concrete interventions 
or prescriptive theories derived from them. The model does not cover 
further theoretical insights that go beyond prescriptive knowledge in 
the research process. Based on the findings of this paper, further re-
search can be conducted on models that include other types of theo-
ries in addition to prescriptive theories. 

This paper dealt with the appropriation of a model originating in IS re-
search to educational DBR based on literature analyses and theoretical 
considerations. It still lacks a comprehensive review of the model’s ap-
plicability to educational research practice. In this sense, this article is 
to be considered a first step towards more mature and structured DBR 
in educational sciences and provides the basis for further research to 
verify the value of the model in its application for actual educational 
DBR. 

 

 
 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

26 

 
Literaturverzeichnis 
Alves Villarinho Lima, B., & Almeida, L. D. A. (2021). Appropriation for 

Interdisciplinary Practice: The Case of Participatory Design in 
Brazilian Computer Science. International Conference on Hu-
man-Computer Interaction, 363–386. 
https://doi.org/10.1007/978-3-030-77431-8_23 

Anderson, T., & Shattuck, J. (2012). Design-Based Research: A Decade 
of Progress in Education Research? Educational Researcher, 
41(1), 16–25. https://doi.org/10.3102%2F0013189X11428813 

Barab, S., & Squire, K. (2004). Design-based research: Putting a stake 
in the ground. The journal of the learning sciences, 13(1), 1–14. 
https://doi.org/10.1207/s15327809jls1301_1 

Baskerville, R., Baiyere, A., Gregor, S., Hevner, A., & Rossi, M. (2018). 
Design science research contributions: Finding a balance be-
tween artifact and theory. Journal of the Association for Infor-
mation Systems, 19(5), 3. https://doi.org/10.17705/1jais.00495 

Bell, P. (2004). On the theoretical breadth of design-based research in 
education. Educational psychologist, 39(4), 243–253. 
https://doi.org/10.1207/s15326985ep3904_6 

Brown, A. L. (1992). Design experiments: Theoretical and methodolog-
ical challenges in creating complex interventions in classroom 
settings. The journal of the learning sciences, 2(2), 141–178. 
https://doi.org/10.1207/s15327809jls0202_2 

Cobb, P., Confrey, J., diSessa, A., Lehrer, R., & Schauble, L. (2003). De-
sign Experiments in Educational Research. Educational Re-
searcher, 32(1,), 9–13. 
https://doi.org/10.3102%2F0013189X032001009 

Cole, M., & Packer, M. (2016). Design-based intervention research as 
the science of the doubly artificial. Journal of the Learning Sci-
ences, 25(4), 503–530. 
https://doi.org/10.1080/10508406.2016.1187148 

Collins, A., Joseph, D., & Bielaczyc, K. (2004). Design research: Theoret-
ical and methodological issues. The Journal of the learning sci-
ences, 13(1), 15–42. 
https://doi.org/10.1207/s15327809jls1301_2 

Easterday, M. W., Lewis, D. R., & Gerber, E. M. (2014). Design-Based 
Research Process: Problems, Phases, and Applications. 
https://repository.isls.org//handle/1/1130 

Easterday, M. W., Rees Lewis, D. G., & Gerber, E. M. (2018). The logic 
of design research. Learning: Research and Practice, 4(2), 131–
160. https://doi.org/10.1080/23735082.2017.1286367 

Edelson, D. C. (2002). Design Research: What We Learn When We En-
gage in Design. Journal of the Learning Sciences, 11(1), 105–121. 
https://doi.org/10.1207/S15327809JLS1101_4 

Edelson, D. C. (2006). Balancing innovation and risk. In J. van den Ak-
ker, S. McKenney, & N. Nieveen (Eds.), Educational Design Re-
search (pp. 100–106). Routledge. 

Euler, D. (2014). Design Research – a paradigm under development. In 
D. Euler & P. F. E. Sloane (Eds.), Design-Based Research (pp. 15–
44). Franz Steiner Verlag. 

7.0 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

27 

Fahd, K., Miah, S. J., Ahmed, K., Venkatraman, S., & Miao, Y. (2021). 
Integrating design science research and design based research 
frameworks for developing education support systems. Educa-
tion and Information Technologies, 26, 4027–4048. 
https://doi.org/10.1007/s10639-021-10442-1 

Goldkuhl, G. (2004). Design Theories in Information Systems – A Need 
for Multi-Grounding. Journal of Information Technology Theory 
and Application, 6(2), 59–72. 

Gravemeijer, K., & Cobb, P. (2006). Design research from a learning 
design perspective. Educational design research, 1, 72–113. 

Greeno, J. G. (2016). Cultural-historical activity theory/design-based 
research in Pasteur’s quadrant. Journal of the Learning Sciences, 
25(4), 634–639. 
https://doi.org/10.1080/10508406.2016.1221718 

Gregor, S. (2006). The Nature of Theory in Information Systems. MIS 
Quarterly, 30(3), 611–642. JSTOR. 
https://doi.org/10.2307/25148742 

Gregor, S., & Hevner, A. R. (2013). Positioning and Presenting Design 
Science Research for Maximum Impact. MIS Quarterly, 37(2), 
337–355. JSTOR. 

Gregor, S., & Jones, D. (2007). The Anatomy of a Design Theory. Journal 
of the Association of Information Systems, 8(5). https://open-
research-repository.anu.edu.au/handle/1885/32762 

Gregor, S., Kruse, L. C., & Seidel, S. (2020). Research Perspectives: The 
Anatomy of a Design Principle. Journal of the Association for In-
formation Systems, 21(6). https://doi.org/DOI: 
10.17705/1jais.00649 

Gunn, C., & Steel, C. (2012). Linking Theory to Practice in Learning 
Technology Research. Research in Learning Technology, 20. 
https://doi.org/10.3402/rlt.v20i0.16148 

Haapasaari, P., Kulmala, S., & Kuikka, S. (2012). Growing into interdis-
ciplinarity: How to converge biology, economics, and social sci-
ence in fisheries research? Ecology and Society, 17(1). 
http://dx.doi.org/10.5751/ES-04503-170106 

Hevner, A. R. (2007). A Three Cycle View of Design Science Research. 
Scandinavian Journal of Information Systems, 19(2), 4. 

Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design Science in 
Information Systems Research. MIS Quarterly, 28(1), 75–105. 
JSTOR. https://doi.org/10.2307/25148625 

Holmström, J., Ketokivi, M., & Hameri, A.-P. (2009). Bridging practice 
and theory: A design science approach. Decision Sciences, 40(1), 
65–87. https://doi.org/10.1111/j.1540-5915.2008.00221.x 

Kuechler, W., & Vaishnavi, V. (2012). A framework for theory develop-
ment in design science research: Multiple perspectives. Journal 
of the Association for Information systems, 13(6), 3. 
https://doi.org/DOI: 10.17705/1jais.00300 

Lang, S. B. (2006). Merging knowledge from different disciplines in 
search of potential design axioms. Tenth International Confer-
ence on Information Visualisation (IV’06), 183–188. 
https://doi.org/10.1109/IV.2006.74 

March, S. T., & Smith, G. F. (1995). Design and natural science research 
on information technology. Decision support systems, 15(4), 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

28 

251–266. https://doi.org/10.1016/0167-9236(94)00041-2 
March, S. T., & Vogus, T. J. (2010). Design science in the management 

disciplines. In Design research in information systems (pp. 195–
208). Springer. https://doi.org/10.1007/978-1-4419-5653-8_14 

McKenney, S., & Reeves, T. C. (2014). Educational Design Research. In 
J. M. Spector, M. D. Merrill, J. Elen, & M. J. Bishop (Eds.), Hand-
book of Research on Educational Communications and Technol-
ogy (pp. 131–140). Springer New York. 
https://doi.org/10.1007/978-1-4614-3185-5_11 

O’Neill, D. K. (2016). Understanding design research–practice partner-
ships in context and time: Why learning sciences scholars should 
learn from cultural-historical activity theory approaches to de-
sign-based research. Journal of the Learning Sciences, 25(4), 
497–502. https://doi.org/10.1080/10508406.2016.1226835 

Peffers, K., Tuunanen, T., Rothenberger, M. A., & Chatterjee, S. (2007). 
A Design Science Research Methodology for Information Sys-
tems Research. Journal of Management Information Systems, 
24(3), 45–77. https://doi.org/10.2753/MIS0742-1222240302 

Reinmann, G. (2005). Innovation ohne Forschung? Ein Plädoyer für den 
Design-Based Research-Ansatz in der Lehr-Lernforschung. Un-
terrichtswissenschaft, 33(1), 52–69. 
http://dx.doi.org/10.25656/01:5787 

Reinmann, G. (2017). Design-based Research. In D. Schemme & H. No-
vak (Hrsg.), Gestaltungsorientierte Forschung – Basis für soziale 
Innovationen: Erprobte Ansätze im Zusammenwirken von Wis-
senschaft und Praxis (S. 49–61). Bundesinstitut für Berufsbil-
dung BIBB. 

Rodríguez, J. C. (2017). Design-based Research. The handbook of tech-
nology and second language teaching and learning, 364–377. 
https://doi.org/10.1002/9781118914069 

Sandoval, W. A., & Bell, P. (2004). Design-based research methods for 
studying learning in context: Introduction. Educational psy-
chologist, 39(4), 199–201. 
https://doi.org/10.1207/s15326985ep3904_1 

Simon, H. A. (1996). The sciences of the artificial (3rd ed.). MIT Press. 
Vaishnavi, V. K. (2007). Design science research methods and patterns: 

Innovating information and communication technology (1st 
ed.). Auerbach Publications. 
https://doi.org/10.1201/9781420059335 

Van den Akker, J. (1999). Principles and Methods of Development Re-
search. In J. van den Akker, R. M. Branch, K. Gustafson, N. Niev-
een, & T. Plomp (Eds.), Design Approaches and Tools in Educa-
tion and Training (pp. 1–14). Springer Netherlands. 
https://doi.org/10.1007/978-94-011-4255-7_1 

Van den Akker, J., Gravemeijer, K., McKenney, S., & Nieveen, N. (2006). 
Educational Design Research. Routledge. 

Venable, J. (2006). A framework for Design Science research activities. 
Emerging Trends and Challenges in Information Technology 
Management: Proceedings of the 2006 Information Resource 
Management Association Conference, 184–187. 

Walls, J. G., Widmeyer, G. R., & El Sawy, O. A. (1992). Building an Infor-
mation System Design Theory for Vigilant EIS. Information 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

29 

Systems Research, 3(1), 36–59. 
https://doi.org/10.1287/isre.3.1.36 

Wozniak, H. (2015). Conjecture mapping to optimize the educational 
design research process. Australasian Journal of Educational 
Technology, 31(5), Article 5. https://doi.org/10.14742/ajet.2505 

 
 

   

Sabrina Oppl is a research associate at the Department of Business In-
formatics – Communications Engineering at Johannes Kepler Univer-
sity Linz, Austria. In her research, she focuses on developing and eval-
uating educational designs to support elderly people in the initial 
phases of using novel digital technologies from a motivational perspec-
tive. Furthermore, being an educational scientist embedded in a re-
search group focusing on information systems design, she has worked 
on bridging the conceptual gaps between the disciplines in the last 
years. 

 

Christian Stary is Head of the Department of Business Informatics – 
Communications Engineering, and Professor of Business Information 
Systems, at Johannes Kepler University Linz, Austria. His research in-
terests revolve around knowledge elicitation and representation, and 
distributed system development for learning support and organiza-
tional design. He regularly chairs various international projects and 
events, such as the International Council on Knowledge Management. 

 

Stefan Oppl is Head of the Department for Continuing Education Re-
search and Educational Technology and Professor of Technology-en-
hanced Learning at the University of Continuing Education Krems, Aus-
tria. His research focuses on the design and evaluation of collaborative 
learning support systems and articulation of work knowledge. He has 
published over 80 papers reporting on both design-oriented and em-
pirical research and has been responsible for several national and in-
ternational projects in these areas. 

 
 
Sabrina Oppl  
Johannes Kepler University Linz 
Science Park 3 
4040 Linz 
Austria 
+43 732 2468-4592 
sabrina.oppl@jku.at 
 
 
 

Author Profile 

Author Details 

+ls 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

30 

Christian Stary 
Johannes Kepler University Linz 
Science Park 3 
4040 Linz 
Austria 
+43 732 2468-4592 
christian.stary@jku.at 
 
 
Stefan Oppl 
University of Continuing Education Krems 
3500 Krems 
Austria 
+43 2732 893-2500 
stefan.oppl@donau-uni.ac.at 
 
 
 
Prof. Dr. Tobias Jenert  
Chair of Higher education and Educational Development 
University of Paderborn  
Warburger Straße 100 
Germany 
+49 5251 60-2372 
Tobias.Jenert@upb.de 
 
 
 
EDeR – Educational Design Research  
An International Journal for Design-Based Research in Education 
ISSN: 2511-0667 
uhh.de/EDeR 
#EDeRJournal (our hashtag on social media services) 
 
Published by  
 
 
Hamburg Center for University Teaching and Learning (HUL) 
University of Hamburg  
Schlüterstraße 51  
20146 Hamburg  
Germany 
+49 40 42838-9640 
+49 40 42838-9650 (fax) 
EDeR.HUL@uni-hamburg.de 
hul.uni-hamburg.de 
 
In collaboration with 
 
Hamburg University Press 
Verlag der Staats- und Universitätsbibliothek Hamburg –  
Landesbetrieb 
Von-Melle-Park 3 
20146 Hamburg 

Journal Details 

+ls 

Editor Details 

+ls 



                       Volume 6 | Issue 1 | 2022 | Article 41 
                        

31 

Germany 
+49 40 42838 7146 
info.hup@sub.uni-hamburg.de 
hup.sub.uni-hamburg.de 
 

 


