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Preface

This volume of Springer LNCS (LNCS 13229) contains the revised accepted research
papers ofDESRIST2022, the 17th InternationalConference onDesignScienceResearch
in Information Systems and Technology.

We were excited to return to a fully in-person conference after several years of
virtual andhybrid conferences. Face-to-face research collaborations andnetworkingwith
valued colleagues provide essential experiences to enable innovative research progress.
The conference was held during June 1–3, 2002, at the gorgeous University of South
Florida (USF) St. Petersburg campus. The urban campus combines natural beauty with
the appeal of city life. Dubbed “The Sunshine City”, St. Petersburg, Florida, is home to
some of the country’s best beaches and a highly rated quality of life.

The important theme of DESRIST 2022 was “The Transdisciplinary Reach of
Design Science Research”. Today’s world faces many complex challenges (i.e., wicked
problems) that offer no easy solutions. Inter-related economic, environmental, social,
political, and ethical drivers emphasize the need for a changing research landscape
quite different from the disciplinary framing found in current institutional structures
and processes. The sundering of disciplinary walls has been widely advocated but
rarely achieved in the academic research communities. We seek a new frame of
transdisciplinary (TD) research that transcends disciplinary, interdisciplinary, multi-
disciplinary, and cross-disciplinary models to truly synthesize research disciplines in
search of innovative solutions. At the core of transdisciplinary research there are three
key characteristics that stand out in all working descriptions:

– Problem Focus: TD research starts with a real-world wicked problem that impacts real
people. This presents a major challenge to capture and represent the complexities of
the problem space in order to support both relevant and rigorous solutions. A single
discipline does not own the problem.

– Emergent Research Methods: The goals of TD research call for the construction of
novel research methods or the novel combination of disciplinary research methods
as a process of emergence during investigation of the research problem. An iterative
and incremental TD research process supports the selection and fusion of the most
appropriate research methods as the research evolves.

– Collaboration: The richness of TD research requires active participation from the
full variety of problem stakeholders (researchers, practitioners, clients, managers,
and community members) who are impacted by the designed solution. Knowledge,
wisdom, and creativity are maximized via a collaborative process in pursuit of
balanced and satisfactory solutions.

The appropriateness of Design Science Research (DSR) to serve as an epistemo-
logical and methodological foundation for transdisciplinary research can be seen by
matching the concepts, methods, and processes of DSR and Action Design Research
(ADR) to the key TD characteristics above. The unique mix of creative design to solve
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relevant problems and rigorous science to grow theory around the intervention and use of
the novel solutions provide a compelling frame for transdisciplinary research projects.

The theme of DESRIST 2022 was selected to challenge the DSR community of
researchers from many diverse disciplines to engage in more relevant and rigorous
transdisciplinary projects. The conference research tracks aimed to move beyond
traditional disciplinary siloes. Research papers, panels, workshops, and prototypes in the
program demonstrated the transdisciplinary characteristics of problem focus, emergent
research methods, and rich collaborations of stakeholders for the solution of complex
and wicked problems. DESRIST 2022 provided convincing evidence that DSR makes a
difference.

The DESRIST 2022 proceedings contains 37 full research papers organized in ten
research tracks. In addition, 15 research-in-progress papers were presented and 10
prototypes were demonstrated at the conference. With slightly more than 100 papers
submitted, the acceptance rate for full research papers was less than 37%, and the
overall acceptance rate was approximately 50%. The review process was rigorous with
every paper receiving at least three substantive reviews from an international Program
Committee.A distinguished group ofResearchTrackChairsmanaged the reviewprocess
and supported the author teams to revise their papers to the quality results seen in
this proceedings. We send our deepest gratitude to these outstanding Track Chairs and
Program Committee reviewers for their hard work and dedication on very aggressive
time schedules. Thank you to the authors of all the submitted papers for sharing their
exciting Design Science Research projects. We hope the opportunity to participate in
DESRIST 2022 will provide a lasting impact on the quality and productivity of your
future research.

Thank you to three prominent keynote speakers who addressed the conference with
insightful research perspectives.Agnis Stibe, BenShneiderman, andPeterWarren Singer
challenged the DESRIST community to engage important real-world problems with
pragmatic and actionable design innovations. The conference participants also delighted
in hearing presentations from the CEO of the Florida Orchestra, Mark Cantrell, and the
Co-Director of Innovation Labs at the Salvador Dali Museum in St. Petersburg, Kim
Macuare.

Wemust also acknowledge the enthusiasm and outstanding contributions of the local
organizers of DESRIST 2022. The administration, faculty, and staff of the University
of South Florida supported the planning, funding, and execution of the conference with
their generosity and energy. The warmth and hospitality of the setting provided a rich
research environment for the growth of design solutions for transdisciplinary real world
problems. Thank you to everyone who contributed to the success of DESRIST 2022.

June 2022 Alan Hevner
Aurona Gerber

Andreas Drechsler
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Abstract. The problem-driven nature of design science research lends itself
naturally to transdisciplinarity as single-discipline viewpoints tend to be inad-
equate for problems of real-world complexity. The theme track for DESRIST
2022 invited scholars to explore design science research that requires the inte-
gration across disciplines. Of the eight papers in the track, five propose new
solutions to organizational or societal problems; three consider design science
research and information systems as their domain of interest. We identify three
pathways that show the promise and challenges for the DSR community, and
map these against work related to transdisciplinarity and the role of DSR in the
system of disciplines.

Keywords: Transdisciplinary research � Problem-driven research

1 Purpose of the Theme Track

The theme track for DSR 2022 invited DSR scholars to address today’s organizational
and societal challenges that require integrating theoretical, conceptual and method-
ological perspectives from multiple disciplines [1]. The goal of this track is to surface
the inherently transdisciplinary nature of DSR efforts that focus on relevant problems,
use research techniques, and explore relevant kernel theories that naturally cross dis-
ciplinary boundaries [2]. In doing so, DSR scholarship can propose and evaluate novel
solutions as well as cultivate new theory by combining scholarly rigor with authentic
participation from organizations, government agencies, and communities. Such
“problem-driven research” with a “transdisciplinary lens” can address concerns of
global importance such as pandemic responses, disease prevention, economic devel-
opment, adequate technology utilization, social inequality, climate change and others.
Submissions to the track address a wide range of problems with diverse research
approaches and theoretical perspectives. Constructive, articulate and timely inputs from
the reviewers provided advice to all authors and ensured required academic quality.



2 Transdisciplinary DSR: The Promise and Challenges

As an introduction to the track, we point out some opportunities and identify challenges
based on the methodologies used and contributions made by the research papers in the
track. A concise synopsis of papers provides the backdrop for this effort. The papers in
the track fall in two clusters. One explores specific problems with a transdisciplinary
approach, e.g. human-drone collaboration in emergencies. The other refines or pro-
poses new frames to pursue transdisciplinary efforts, e.g. boundary objects. Across the
set of papers, we note a few interesting possibilities that we outline below and which
we hope will provide DSR scholars new pathways to pursue research opportunities.

The first pathway deals with identifying and integrating emerging technologies as
part of the solution development strategy. Examples of the pathway are seen in those
papers in this track that deal with human-drone collaboration, immersive virtual reality,
and conversational agents. Although these research efforts remain problem-driven, the
use of increasingly sophisticated technology platforms provides the research efforts
new frames that point to potential solutions. We note that this pathway parallels the
ideas described as ‘the stimulus of generative technologies’ [1]. This pathway holds
much promise for future DSR scholars with the caveat that the selection and use of
emerging technologies requires a match with the problems.

The second pathway explores new ways of building on established technology
frames to develop solution strategies. Examples of the pathway are seen in work from
the authors in this track that deals with digital broker platforms, and trend analysis with
sentiment detection. The advantage of this pathway is that research can build upon
design efforts in these established technology regimes and focus on innovative appli-
cations to new problems. This pathway parallels the ideas expressed as ‘exploration of
problems at the interface of disciplines’ [1]. The challenge for the scholars is to ensure
that they can demonstrate a significant advance in the design to make contributions.

The third pathway points out that although transdisciplinarity is core to design
science research, the community will need new frames and approaches to incorporate
such considerations in their efforts. Examples of this pathway are seen in the work from
authors in this track that suggests the use of boundary objects, ontologies, and the
design of new platforms to facilitate transdisciplinary research. A parallel to this
pathway is seen in the role of design science research community in the system of
professions [2]. This pathway holds much promise to encourage the DSR community
to engage in transdisciplinary research.

Together, the papers in the track point to the promise and potential for transdis-
ciplinary research in the DSR community, and suggest possibilities that can spawn a
new generation of scholarship that emphasizes work across disciplinary boundaries.
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Abstract. Service platforms are becoming dominant drivers of daily business
operations in a digitalized environment. Research focuses on technological and
network effects of such platforms, while socio-technical opportunities remain
limited. Guidance support in selecting appropriate digital services on a multisided
market platform may help companies with low domain knowledge as it increases
their benefits by reducing existing barriers in adopting emerging technologies. We
adapt the concept of a broker to a digital platform, which instantiates guidance
support on multisided markets as core platform element. Further, we abstract
the concept of a digital broker platform as an Information Systems (IS) design
theory. By providing the necessary components of an IS design theory, we offer
the possibility to derive digital broker platform artifacts, which are theoretically
and conceptually grounded. We provide design principles for the method artifact
and describe their applicability in an exemplary instantiation of the design theory
in the domain of cloud computing. Lastly, we present the artifact’s mutability as
well as its testable propositions.

Keywords: Digital platform · Information Systems Design Theory · Guidance
support · Broker · Cloud computing

1 Introduction

The ongoing digital transformation of organizations and processes leads to opportunities
but also to challenges for companies [1]. On the one hand, they need to align their IT and
business strategy to keep up with emerging technologies to enter new digital markets
and to implement digital services in order to stay competitive. On the other hand, they
need to identify the most suited service or application, which is able to represent their
respective business model; either by digitally supporting their IT infrastructure or by
digitally implementing and offering value propositions [1, 2].

The instantiation of multifaceted digital phenomena leads to an increasing complex-
ity when selecting available digital solutions, challenging consumers with the formu-
lation and knowledge about their own requirements and needs. Likewise, vendors and
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providers of digital applications and services rely on consumers of their products and
thus need to provide an adequate description of their products’ functionality and features.
However due to the lackof a consistent andunified terminologyon thedemandand supply
side, the establishment of an initial contact between digital service provider and con-
sumer remains complex and resource consuming. Even though digital platforms nowa-
days offer the possibility for both sides to match their potential interests, the selection
problem due to missing domain knowledge remains present. However, this issue should
not be neglected as especially smaller companies are increasingly forced to deal with
emerging technologies like software-as-a-service (SaaS) or infrastructure-as-a-service
(IaaS), due to efficiency and data protection issues, as well as the protection of other
digital values.

As a solution to this challenging situation, we present a so-called broker platform
(BP). It represents a multisided market, which “bring[s] together (or match[es]) dis-
tinct groups, whereas the value for one group increases as the number of participants
from the other group increases” [3]. Such platforms are characterized by a consulting
component, enabling users like companies of different classes to distinguish between a
variety of provided products and to find the most suited service or application. Thus, on
a meta-level, a digital BP can be understood as a solution artifact to the problem class of
multisided guidance support. Whereas existing research investigates for instance capa-
bilities for value co-creation and value capture in large platform ecosystems [4], or
service network effects on service platforms [5], our research focuses on the causal
socio-technical relations of guidance support on digital platforms. Thus, we provide an
abstracted description of the development of a multi-sided BP, which can support con-
sumers and providers of digital products in maximizing their benefits by matching both
sides’ interests.

Our research thereby answers the existing call for research by de Reuver et al. [3]
for considering digital platforms from a design science perspective for understanding
design practices and making them more dynamic and evolvable over time. Thereby, we
extend our previous research focusing on cloud broker platforms [6] by transferring and
abstracting the results for the development of digital broker platforms as Information
SystemsDesign Theory (ISDT) according toGregor and Jones [7]. Thus, it can be under-
stood as a blueprint for future developments of the same artifact type. The remainder of
the paper is structured as follows. First, the theoretical background provides an overview
of digital BPs and positions our approach in IS theorizing. A conceptual approach of
our research is presented in Sect. 3, followed by the description of the components of
an ISDT in Sect. 4. The expository instantiation of the ISDT in the domain of cloud
computing afterwards can be understood as a first evaluation of the instantiated compo-
nents and offers an overview of the functionality of a cloud BP. The paper ends with a
discussion and summary of the results.
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2 Theoretical Background

2.1 Digital Platforms and Brokerage

Digital platforms, and their core concepts, have become subject of research in recent
years [3]. They can be defined technically as“software-based external platforms consist-
ing of the extensible codebase of a software-based system that provides core functionality
shared by the modules that interoperate with it and the interfaces through which they
interoperate.” [8] Since platforms are often part of larger ecosystems [9], which merge
interests groups with differing needs like consumer, provider, buyer, seller, or developer,
there does also exists a sociotechnical consideration of platforms, which also considers
associated organizational processes and standards [3]. However, due to the very nature
of such platforms as multisided markets, differing interests and asymmetric information
between participants arise.

Originating from the domain of finance, brokers have emerged to act as an inter-
mediary, aiming at bridging the interests of both market sides. They operate as human
or digital consulting agents to initiate and improve the match between suppliers and
customers of financial products. Transferred to a broader scope, brokers perform tasks
such as aggregating information concerning goods or fostering and reducing search costs
(e.g., searching for products, sellers, or buyers), contract costs (e.g., initiating and carry-
ing out the contract), and adaptation costs (e.g., costs incurred in making changes during
the life of a contract) for both parties [10]. Due to their versatile applicability, we adapt
the concept of a broker and include its functionality into a digital platform. Especially for
novice users (e.g., customers with little to no knowledge or expertise within a domain) a
digital broker platform can provide guidance to successfully handle existent information
asymmetry between consumers and providers of digital services.

Fig. 1. Conceptual overview of a Digital Broker Platform.

Figure 1 provides an overview of the conceptual functionality of a digital BP.Accord-
ingly, a provider offers a description of their available services or products, which are
stored as abstract description within the BP. Likewise, consumers submit their require-
ments about desired functionalities of digital solutions in abstract descriptions to the BP.
By providing an ontology that contains the relevant concepts and represents correspond-
ing constructs within a domain, both the provided and required products are compared
and ranked according to their suitability. Thus, a matchmaking of the provider and con-
sumer side is enabled, offering the provider the possibility for a business initiation and
to the consumer a solution to the selection problem.
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2.2 Design Theory and Theorizing

Design theories (DT) can be regarded as the main artifacts of design science research
in the body of knowledge in IS research. Their intention is to explain and prescribe
the fundamentals and interdependencies of “the natural world, the social world, and the
artificial world of human constructions” [11] as abstracted and generalized phenomena.
Thus, when developing a DT, it is necessary for the researcher to explain the onto-
logical positioning towards theory and theorizing. We build our approach on Gregor’s
[11] conception that a theory “is seen as having an existence separate from the sub-
jective understanding of individual researchers”. Following Gregor, we further adopt
Habermas’ [12] and Popper’s [13] three world paradigm. The first (objective) world
contains states, processes, and material things typically studied by natural sciences;
the second (subjective) world is defined by conscious and unconscious mental states,
and the third world consists of man-made entities that objectively exist but are highly
abstracted. Accordingly, a DT is assigned to world three as the DT itself exists outside
the researcher’s mind and belongs to entities like science and theoretical knowledge [11,
13]. The intended goal of our ISDT is a description (method artifact) for the development
of a BP by providing relevant components like underlying kernel theories, constructs,
and principles of form and function for the BP. Thus, we position our ISDT as “Theory
for Design and Action” according to Gregor and Jones [7]. Thereby, it aims at enhancing
the body of knowledge in IS by providing utility to a group of users, the novelty of the
artifact itself, and persuasiveness of claims about its effectiveness [14, 15].

3 Conceptual Approach

The consideration of platform design and development has been subject of research for
decades with new platforms constantly being developed in IS and related disciplines [3–
5, 16]. Although there exists discussion for an embedding of design science research into
the development of digital platforms [3], the consideration of platforms in their function
as brokering artifacts is so far missing. Whereas the artifact of a digital platform itself
focuses on the instantiation of technological features, a broker platform artifact aims
at solving a principal-agent-problem. The desired solution for a consumer (principal)
is identifying and choosing the required and best-suited service or application from a
software or service provider (agent) on a multisided platform. The process of guidance
support is enabled by the concept of a broker, as it provides the abstracted setting of
matchmaking and the required infrastructure. Whereas the mere instantiation of a digi-
tal platform can be regarded as a technical instantiation, the additional component of a
broker addresses the reduction of information asymmetry that exists between the con-
sumer and provider of digital services. Thus, the artifact of a digital BP combines both,
the technical component of IT instantiation and the sociotechnical component of user
guidance support and uncertainty reduction. However, since both components rely in
their instantiation—and thus usefulness—on each other, their underlying theories and
constructs should be regarded from an abstracted perspective. Therefore, we discuss
and elaborate the characteristics of a digital BP as Information Systems Design Theory
according to Gregor and Jones as it “allows the prescription of guidelines for further
artifacts of the same type” [7]. Thus, we provide the entirety of components relevant for
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the theoretical and conceptual functionality of a digital BP and thereby offer primarily
prescriptive statements about its development process [17].

Fig. 2. Conceptual overview of the ISDT for Digital Broker Platforms and its instantiations [17].

Figure 2 offers an overview of our research. The digital BP relies in its instantiation
on the BP method artifact which is again an instantiation of the theoretical and con-
ceptual components of the ISDT. Thus, the ISDT combines the necessary components
for the BP method and platform artifact and can be regarded as providing a “high level
definition of the functioning of an artifact to achieve a design goal and direction toward
its construction” [18]. We focus on the construction of such a digital BP by following
the derived Design Principles (DPs), enabling us to provide an expository instantiation
of the design method, resulting in a digital cloud computing BP.

4 IS Design Theory for Digital Broker Platforms

The anatomy of an ISDT according to [7] consists of eight components out of which
six are mandatory: purpose and scope (the goal of the Design Theory), justificatory
knowledge (underlying kernel theories), constructs (relevant entities of the theory), prin-
ciples of form and function (the architecture of the artifact), artifact mutability (possible
changes in the state of the artifact), as well as testable propositions (truth statements).
Furthermore, we develop an IT broker platform in the domain of cloud computing as
expository instantiation, thus non-mandatory component of the ISDT.

Purpose and Scope: The goal of the ISDT for digital BPs is to provide a design method
for the development of an IT broker platform, which is specifically suited for the guid-
ance of organizations in a multisided market selection process of digital services or
applications in a defined domain. We provide design principles [19] and thus offer a
methodological description of how to achieve guidance support for a multisided selec-
tion problem scenario which is instantiated in a digital platform. However, the ISDT for
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BPs does not provide an explanation of the functionality of a service platform as those
are depending on the underlying algorithms and technical features. Rather, it describes
the methodological conjunction of the concept of guidance (justificatory knowledge)
and the conceptual characteristics of a broker platform, thus offering “prescriptions for
action in order to reach certain goals” [20].

Justificatory Knowledge: The underlying justificatory knowledge for the ISDT is sup-
posed to “give a basis and explanation for the design” [7] of the artifact. Thus, it can
be regarded as a mandatory element for the ISDT as it combines existing guidance
and decisional support approaches and thereby provides the digital BP artifact with its
functionality and purpose. The development of the digital BP is based on kernel con-
cepts for IS decisional guidance by, for instance, Gregor and Benbasat [21], Silver [22],
and extended by an integrated taxonomy of guidance design features in IS by Morana
et al. [23]. Thus, the ISDT uses existing relations between guidance support features and
synthesizes these dimensions with the required constructs and principles of form and
function for an instantiation in the digital BP [6].

Constructs and Principles of Form and Function: The ISDT is characterized by con-
structs representing necessary components of a digital BP which are used to propose
DPs. The entirety of the DPs, with their foundations in the other components of the
ISDT can be regarded as digital BP method artifact (see Fig. 2) and the instantiation will
lead to an actual digital BP in a pre-defined domain. For their formulation, we followed
Chandra et al. [19] and developed action driven and materiality-oriented DPs that pre-
scribe what an artifact should enable users to do and how it should be built in order to do
so. Thus, the DPs have a prescriptive character and can be regarded as principles of form
and function in the formulation of an ISDT [24]. They were derived from a set of design
requirements for guidance systems, which were based on the results of qualitative expert
interviews and a systematic literature review [6].

Constructs: Based on the structure of IT service platforms in combination with the
underlying knowledge base, we introduce the constructs domain, ontology, features,
requirements, matchmaking capabilities, feedback capabilities, and interaction for the
ISDT. Due to their strong interconnectedness, the principles of form and function rely
in their existence on the constructs, which is why they are represented in the DPs.

Principles of Form and Function: The construct of domain defines the scope for which
the intended artifact of the digital BP is valid. In this context it enables the developer
of the BP artifact to derive target group and domain specific requirements which will
be valid for the pre-defined domain. A domain refers to an abstraction of the business
context to which the method artifact is applied and in which the instantiated BP artifact
will be valid afterwards.

DP1: Define a domain for the BP to distinguish a field of interest for the artifact and to
identify target group specific requirements.

Due to the lack of universal definitions and standards for digital services, a unified
terminology is needed to make information readable by machines and humans alike.
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Therefore, ontologies as popular solutions can be used to leverage information sharing
through a system of vocabularies. Making use of a reasonable ontology is a mandatory
prerequisite for all further forms of guidance.

DP2: Provide the BP with an ontology that allows the detection of commonalties and
differences of digital services to create a common understanding.

To identify possible relevant service features that fulfil consumers’ requirements, for
instance, storytelling in the form of user stories has become a well-accepted practice of
agile software development [25]. In the context of a digital broker platform, this can be
accomplished by mapping questions posed about predefined use cases from a platform
owner (e.g., I need features A and B to perform C).

DP3: Provide the BPwith features that allow consumers to find relevant digital services
with no/low domain-specific knowledge from multiple sources to enhance knowledge
for decision-making.

During the selection process, the consumer decides which requirements should be
covered by the given digital service and which should not. However, ambiguity and
inconsistency can occur when defining requirements due to missing knowledge or a
non-specific formulation of needs. In these cases, a functionality must be added that
recognizes the actual requirement.

DP4: Provide the BP with features which allow consumers to elaborate and validate the
defined requirements to enable adequate matching results.

To provide guidance that is not merely informative, the BP should provide a mecha-
nism for providing service recommendations to consumers. Since everymanual reviewof
the automatically identified digital service configurations would mean additional effort
for the consumer, a recommendation system is important.

DP5: Provide the BPwithmatchmaking capabilities that allow consumers to get recom-
mendations for digital services to limit the effort required for selection and to improve
decision-making.

In addition to the informative guidance from the matchmaking service and the sug-
gestive guidance from the recommendation system, the platform should also provide
dynamic and participative guidance. This form of guidance is particularly effective for
improving decision quality, as well as improving consumers’ learning and decision per-
formance [26]. This means that a feedback method is required, as the system should
“learn” from former consumers’ input.

DP6: Provide the BP with a feedback capability that allows consumers to provide/get
knowledge from former selection projects to enhance matchmaking capabilities.

Last, a mechanism is needed to validate the provided guidance via third-party actors
(e.g., consultants, integrators). The feedback from other consumers provides additional
knowledge about the validity of a proposed solution and can help reduce the uncertainty
of consumers using digital services and improve decision quality and performance.
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DP7: Provide the BPwith features that allow for an interaction of consumers with other
actors (e.g., consultants, integrators) to have access to expertise and obtain participative
guidance.

Artifact Mutability: We distinguish between the method artifact for the development of
the BP and its mutability as instantiation. Since the described constructs of the ISDT for
digital BPs can be transferred to various IT domains, like software-as-a-service (SaaS)
or infrastructure-as-a-service (IaaS), the artifact of a digital BP can change its scope of
validity depending on the application domain. Furthermore, the technical aspects of the
platform’s instantiation rely on the researcher or practitioner, who is instantiating the
artifact. However, the mere development process of a digital BP, which is characterized
by the design principles or the method artifact, refers to basic components of the ISDT
itself and thereby needs to remain stable over time.

Testable Propositions: Testable propositions can be regarded as truth statements about
the ISDT.Their intention is to demonstrate that the instantiation of theBPmethod artifact,
which follows the principles of form and function, will result in a BP, which can provide
a better solution for the digital service selection problem than existing approaches. Thus,
propositions like “Digital Broker Platforms based on the derived DPs are able to better
provide guidance support in IT service selection processes than platforms without a
brokerage function” can be tested and evaluated with hypotheses in a real-world setting.
This can be done, for instance, by asking the consumer and provider about perceived
benefits. Furthermore, it is possible to investigate the service selection in two groups of
companies with the same requirements. One group applies the broker platform and is
supported by decisional guidance, whereas the other group runs the selection process
without guidance support. Thus, if researchers can verify their testable propositions, the
DPs are indirectly evaluated as well, since the instantiated artifact was developed by
applying them.

5 Expository Instantiation

As instantiation of the ISDT for digital BPs we present the development of a BP in the
domain of cloud computing (CC).

Following DP1, we chose the domain of CC, as it is an approach to IT sourcing that
enables companies to access a shared pool of managed and scalable IT resources (e.g.,
networks, servers, storage, applications, and services) that are accessible via the internet
on a pay-per-use basis without requiring long-term investments [27]. We further refined
the validity of our BP for SaaS services. SaaS services have a high number of potential
service configurations and the selection of SaaS services is often made by the business
departments directly (i.e., without the involvement of the IT department) [28]. This
makes decision support for SaaS services highly useful. For the technical implementa-
tion, we created aweb application consisting of a graphic user interface (GUI) that allows
for interaction with and visualization of the platform among the different stakeholders.
Thus, our instantiated cloud broker platform (CBP) will be valid for the problem class
of SaaS selection in companies, so-called cloud service consumers (CSC). We further
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derived specific requirements for the platformdesign aswe intended to develop aCBP for
guidance support for the class of small companies.DP2was instantiated by providing an
ontology-based matchmaking component for the platform. It consisted of two elements.
First, the decision components, which can be dynamically added and/or removed by the
cloud platform owner. Each decision component can contain further sub-components
that can be addressed and enriched with information provided by CSPs, who join the
platform. In our prototype, we limited the implementation of a technical component,
more precisely, a SaaS catalog with features of cloud storage offerings (e.g., encryption,
replication, etc.). Second, the matchmaking component, which generates options deter-
mined by CSCs’ preferences through a pairwise comparison using previously defined
weightings of every available cloud service option. To discover and represent the com-
monalities of the services and to make automated matchmaking possible, we adapted
feature models for service design [29] to create a common SaaS profile.

We then applied DP3 and provided the CSC with a possibility to use a multi-level
input on the CBP’s front-end, where the CSC can specify requirements, that the cloud
service should satisfy. Since complex technologies can be hiddenwithin the services, this
specification is provided as questions about the planned use cases, which in turn reduces
complexity and simplifies the handling for novice CSCs. As the correct identification of
requirements is essential for the later matchmaking, we followed DP4 by enabling the
system to ask the CSC a minimum number of questions, which can be understood as a
prerequisite for the matching process. Afterwards, each requirement can be weighted to
identify CSC’s priority requirements using rating scales. We then used feature models
as a representation mechanism for service properties, considering features to be on
the right level of abstraction. To gather initial data, we collected publicly available
information (e.g., service descriptions, API documentations, user manuals) from cloud
storage providers. To ensure the prerequisites for a later automated processing (i.e., for
CSPs to provide information directly), we made the catalog available via web services.
Subsequently, the matchmaking can be performed by filtering options and presenting
those services, which are most suitable in the form of recommendations (DP5). We
implemented the matchmaking based on a comparison of a requirement vector on the
CSCs’ side, and a service vector on the CSPs’ side. In other words, the consumer’s
requirements were normalized and represented as a vector. On the provider side, the
(satisfied) features are provided as a service vector to enable a comparison of the two
vectors. The matchmaking result is a selection of suitable cloud services ordered and
displayed according to the degree of fulfilment. DP6 were instantiated by providing
a possibility for CSCs to submit feedback from completed cloud selection projects
to improve the matchmaking mechanism. The feedback component is implemented
as an AI-based algorithm, learning from successful or non-successful use cases. This
information is provided by the CSC who submits their degree of satisfaction with each
criterion. Subsequently, thematchmaking can be improved by training the algorithmwith
the results of successful combinations. Also, qualitative feedback can be submitted via a
textual description, allowing the platform owner to modify the matchmaking manually.
Finally, the instantiation of DP7 enables CSCs to engage with third parties such as
consultants or integrators to receive expertise. Opening the platform to other parties
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allows them to offer value-adding services and enables CSCs to receive expertise, build
trust, and confidence in potential partners and vendors.

6 Discussion and Conclusion

Our ISDT for digital BP offers the blueprint for a platform artifact which instantiates
guidance support by a broker as core element for consumers and providers of digital
services and products. Thus, the broker does not only help consumers in their decisional
process but also enables providers to be recognized as fulfilling the required needs and
provides them with an opportunity for business initiations. Especially novice consumers
might feel overwhelmedwhen it comes to the selection of digital services or products due
to missing knowledge in the respective digital domain [6]. Thus, a BP is a suitable tool
to reduce uncertainties and help maximize stakeholders’ interests. Due to the artifact’s
mutability, the ISDT offers, on the one hand, stability as it provides with the method
artifact and the DPs a clear description and conceptual relations for the development of
a digital BP. However, since it can be instantiated in any digital domain and adapted to
the contextual requirements, the instantiated BP artifact also provides flexibility, which
allows the researcher or practitioner to consider and implement new or emerging com-
ponents. Therefore, our ISDT can be regarded as a possible answer to the paradox of
change, which was initially described by Tilson et al. [30] and refers to “the need for
digital platforms to simultaneously remain stable to form a solid foundation for further
enrolment, and yet to be sufficiently flexible in order to support seemingly unbounded
growth” [3]. Although the authors initially described this phenomenon in the context
of digital infrastructures, we provide, with the described anatomy of the ISDT, the nec-
essary components of stability and change for an adaptation into the context of digital
platforms. Existing digital platform research often focuses on the technological instan-
tiation and incorporation of software and thereby focuses on reduced deployment times,
minimized long term overheads, as well as reduced upfront implementation [5]. Thus,
our approach adds to existing research in the domain of digital platforms by focusing on
the principal-agent relationship between the consumer and provider of digital services
or products, and which is reduced by the instantiation of guidance support by a bro-
ker. Even though information asymmetry relationships were previously investigated in
a platform context, they rather focused on the stakeholder groups of platform providers
and software or app developers [31, 32] than consumers of such services.

Our research approach provides several contributions to the body of knowledge in
IS. First, we provide the conceptual model of a digital BP, which represents a matchmak-
ing platform and offers a solution to the problem of information asymmetry between
consumers and providers on digital platforms. Thereby, we offer a stronger sociotech-
nical perspective on the concept of digital platforms, which will, in its instantiation,
be especially helpful for smaller or novice companies that do not have the financial
or personnel resources for professional consulting. Second, we abstract this concept of
guidance support from a design science research perspective and develop an ISDT for
digital BP, which answers the call for research by de Reuver et al. [3]. The formulation
of DPs for the conjunction of the consumers and providers digital market side is so far
missing in the body of knowledge in IS research.
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Thus, as practical contribution of our research, the derived components of the ISDT
provide researchers and practitioners the possibility to build guidance support BP arti-
facts of the same type but in different domains. Thereby, the artifact of a digital BP offers
an improvement in the selection process of digital services and products for companies
of different sizes and sectors as well as for the respective providers.

Like every researchproject, our approachhas limitations. Thedescriptionof the ISDT
components is highly theoretical, which is why our presented development approach
lacks practical depth. However, this is explained by the high level of abstraction in
theory components, which is needed for the formulation of a method artifact, and which
can be applied in various domains. Furthermore, even though the developed DPs are
based on an extensive literature review in the field of decisional guidance support, the
complex domain of digital transformation requires an ongoing adaption to new and
emerging phenomena. Thus, the knowledge base for the ISDT can be considered as
constantly evolving and should therefore be subject to ongoing research in IS.
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Abstract. Drones are becoming pervasive in private and professional settings.
The engineering of human-drone collaboration poses unique challenges. Specif-
ically, drones’ distinctive capabilities yield a vast design space. Yet, the relevant
guidance is scattered across literature such that an overview of various design
dimensions is missing. This paper synthesizes adequate research and provides an
overview of essential design dimensions in the form of a morphological box (MB)
to support designers of drones for emergencies. Using this MB, practitioners and
researchers become aware of design decisions theywill have tomakewhen design-
ing drones or collaboration between drones and humans. It prevents fragmented or
partial perspectives on drones design and provides a basis for structured, holistic
design explorations. Using the case of drones, we discuss the potential of morpho-
logical analysis for design science research (DSR). New types of sociotechnical
systems involve a vast, multidimensional design space, and singular studies fre-
quently address domain or discipline-specific subsections of this space. We claim
that morphological analysis supports a systematic exploration of the design space
across disciplinary boundaries and might contribute towards a more transparent
and traceable design of DSR artifacts.

Keywords: Morphological analysis ·Morphological box · Drones · Unmanned
aerial vehicles ·Multi-copters · Emergency · Literature review · Sociotechnical
systems

1 Introduction

The use of drones, both privately and in a professional setting, is steadily increasing.
Human-piloted drones are used widely in crises and have proven to benefit emergency
response scenarios. However, human-piloted drones also have considerable disadvan-
tages in emergencies. They can easily lead to an information overload and a high work-
load for the pilots [2]. Recent advances and new autonomous features have enabled
drones to function without human interference. Yet, the design of effective human-drone
collaboration patterns poses further challenges to researchers and designers.

A drone, a multi-copter, or an unmanned aerial vehicle (UAV) is an aircraft designed
to operate without an onboard pilot, and it does not carry passengers. A drone can
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be autonomous (controlled by an onboard computer) or wholly or partially remotely
controlled by a human or an on-ground computer [60]. Especially autonomous drones,
using contemporary AI, can take over monotonous, tedious, or challenging tasks from
humans allowing them to focus on other tasks. Their broad applicability and autonomy
make them adequate for application in emergencies like natural disasters. However,
drones are restricted by the cognitive capabilities of the AI and physical limitations like
their maximal payload or battery life. Thus, they can be most effectively applied when
collaborating with humans [2].

Designing for human-drone collaboration is particularly challenging. Drones might
possess the ability to act autonomously: from autonomously deciding on the trajectory of
flight up to planning their actions [2]. However, drones’ capabilities and limitations dif-
fer significantly from those of humans. They can reach positions previously unreachable
to a human quickly while using its sensors (navigation systems, altimeters). Therefore,
humans might struggle to make sense of the drone’s actions or ‘put themselves in the
shoes’ of a drone [21]. Collaboration without mutual understanding and shared mean-
ings causes problems, primarily under time pressure [62]. Collective sensemaking and
mutual understanding are particularly important in emergencies – high-risk organiza-
tions carefully engineer protocols and procedures for it [61, 62]. Accordingly, designing
for human-drone collaboration in emergency situations goes beyond simply creating the
technology: it requires a holistic and sociotechnical approach.

However, existing literature lacks a comprehensive perspective on interactions and
collaborations between humans and drones. The emerging discourse focuses mainly on
the technical aspects of the drones or, to a much lesser extent, the user interfaces for
interacting with drones [2]. A structured overview of various dimensions in the design
space is missing. Designers find themselves overwhelmed by the complexity and variety
of decisions they need to take when engineering collaboration between humans and
drones for emergency response. Instead of exploring the design space systematically,
they might implicitly default on dominant patterns (e.g., use of singular drone equipped
with multiple sensors leading to a heavy payload) rather than on alternatives (e.g., use
of several cooperating drones each carrying a single sensor). This paper makes the
first step towards a systematic overview of the relevant design dimensions addressed in
different disciplines like computer science (CS), emergency management, or the law.
The practitioners receive an overview of the relevant design aspects to be considered.

To identify those dimensions, the study employsmorphological analysis (MA) based
on recent articles from various disciplines. Whereas MA, leading to establishing the so-
called morphological boxes or taxonomies, is frequently used in information systems
(IS) research [15, 63], reflection on its usage for designing systems is only in its infancy
[41]. To our best knowledge, MA’s potentials and procedures for the DSR have not yet
been studied. Using the case of human-drone collaboration, we propose and employ
the morphological analysis for sociotechnical systems (MASS). We discuss howMASS
taxonomies inform IS designwhile adhering to high rigor standards.We arguewhy a sys-
tematic description of a transdisciplinary design space forms an individual contribution
and suggest how it might be used for bridging the creative gap in design.

Overall, the study has two contributions towards IS. First, it offers a nascent overview
of the design space for human-drone collaboration based on transdisciplinary literature
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analysis. This taxonomy can benefit developers and design researchers involved in this
growing application area. Second, it discusses the potential of using morphological
analysis in DSR. It contributes towards the toolset associated with DSR.

2 Background

Consider crisis situations such as an avalanche: A drone or a team of drones could
autonomously scan the area for survivors (e.g., using thermal imaging) and notify res-
cue units. It could provide exact geographic coordinates and pilot the units to the emer-
gency scene. On-site, drones could quickly transport material between rescue units,
collect information about the operation from above, providing specific, selected cues to
the coordinator (e.g., detected rapid movements below the snow), or inform uninvolved
individuals to stay off the scene. Completion of those tasks depends on successful collab-
oration with human stakeholders or other drones. However, a human-drone assemblage
is a complex sociotechnical system. One way of dealing with this complexity is by
decomposing it into its singular dimensions. It allows for finding a suitable configu-
ration across the dimensions. In the following, we first summarize the discourse on
human-drone collaboration and then propose a sociotechnical perspective.

2.1 Human-Drone Collaboration

Human-drone collaboration can be subsumed under the larger discourse on human-
autonomy teaming [9, 40, 45] and machines as teammates [53, 54]. The articles follow
mostly a conceptual approach and provide guidance regarding the design and work with
autonomous teammembers. They yield frameworks referring to transparency, communi-
cation, authority, or situational awareness. Yet, they frequently assume a general notion
of an agent [9, 45] or explicitly refer to conversational agents mimicking human abil-
ities and communication [23, 53, 63]. This discourse induced major interest in the IS
field. Yet, ambivalence towards differences between classes of digital agents (DA) has
drawbacks. It abstracts from the dependency of successful collaboration on the abil-
ity to put oneself in the DA’s place. Successful teams embrace empathizing and taking
each other’s perspectives as a core way to establish a common sense [24, 37, 62]. Some
agents might be easier to empathize with than others. The more distinct an agent is from
a human, the more difficult it gets to make assumptions about its behavior [21, 49]. It
is essential in the case of drones that provide capabilities unavailable and sometimes
hardly imaginable for humans. Consequently, the collaboration between humans and
drones requires a specific approach different from, e.g., designing collaboration with
conversational agents or agents without physical representation and capabilities.

However, most of the research on drones happens outside of IS. Accordingly, avail-
able meta-studies in CS focus on, for instance, architectural issues [14], path planning
and navigation [38, 64], or control mechanisms [6]. Law studies review research on
regulatory aspects [57]. Studies in other disciplines summarize application scenarios in
specific domains like agriculture [18] or traffic management [32]. There are also recent
reviews addressing the application of drones in crisis and emergency situations [28, 46,
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56]. However, they focus on bibliometric analysis, description of envisioned or imple-
mented uses of drones for specific tasks, and technical challenges. They do not attend to
the agency of drones or the collaboration between humans and drones, framing drones
as passive tools at humans’ disposal. The studies point a designer to relevant literature,
but they provide little support for designing human-drone collaboration.

2.2 A Sociotechnical View of Human-Drone Collaboration

The IS community has not yet established its own approach towards human-drone collab-
oration. Individual conference papers discuss the domain-specific application of drones
in transportation [51, 59] and healthcare [33, 52]. They concentrate on the advantages
and disadvantages of specific drone applications or elaborate on operations and busi-
ness models in a defined context. A sociotechnical view on human-drone collaboration
remains absent despite the sociotechnical perspective being considered the core axis of
IS research [50]. We argue that given the tight interdependency between drones and
human agents in most application areas, framing it as a sociotechnical system provides
a sound foundation to analyze and engineer drones’ applications.

The notion of sociotechnical systems has influenced IS research and practice for
decades [19, 22, 50]. The workings of a sociotechnical system involve interaction
between humans and technology. Individuals, collectives, and their relations framed
by hierarchies, cultures, rituals, practices, or economies form the social component
[36]. The technology, including human-made hardware, software, data, and techniques
associated with them, forms the technical component [36, 50]. The social and technical
components enter reciprocal, iterative, and complex mutual interactions in the process
of joint optimization [50]. If successful, the interactions between the social and tech-
nical components impact the context by achieving instrumental objectives like work
efficiency or profitability and humanistic objectives like wellbeing or job satisfaction
[50]. The interactions between social and technical components are frequently complex
and subject to mutual adaptations, such that one cannot predict the working of the whole
sociotechnical system based on the performance of its single components [62].We claim
that this complexity increases when the technical component relies on non-deterministic
autonomous technologies using artificial intelligence (AI): the relation between techni-
cal and social components can stabilize faster if the output of the technical component
is predictable, allowing humans to establish mental models of its working. It gets harder
if the technical component relies on probabilities, like in the case of agentic or (semi-)
autonomous drones. Overall, human-drone collaboration can be framed as a complex
sociotechnical system that requires a holistic, multidisciplinary approach.

MA helps deal with complex systems by identifying multiple dimensions of their
working and explicating various combinations of their characteristics rather than dissect-
ing them into individual components [48]. Originally proposed to investigate the com-
plete set of relationships in non-quantifiable problem complexes, MA quickly became
applied for the artifacts’ development. IS applies MA to explicate technical dimensions
of classes of systems [63], classify technological phenomena [44], or frame field results
[16]. Only recently, the community started reflecting on the use of MA in design pro-
cesses and IS research [41]. Yet, this reflection focuses on MA for designing technical
artifacts rather than sociotechnical assemblages. We aim to explore design dimensions
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of a complex sociotechnical system at the example of human-drone collaboration. We,
thus, ask the following research question:What design dimensions describe the state-of-
the-art collaboration between humans and drones in emergency situations?We employ
a multidisciplinary literature review, MA, and the structure of a sociotechnical system
to systematize those dimensions and their characteristics.

3 Methodology

This section describes the process we applied to characterize the sociotechnical system’
human-drone collaboration’ as an object of engineering and design. Simultaneously, it
systematically describes anMA-basedmethod to explore the design space of a sociotech-
nical system systematically and rigorously regarding past research. First, we provide an
abstract view of this method. Then, we describe the instantiation of this method for the
study employed to answer the research question.

3.1 Morphological Analysis for Sociotechnical Systems (MASS)

MA was conceived as a method for discovery, invention, research, and construction
with a specific focus on complex real-world phenomena and problems [65, 66]. It shall
support the systematic exploration of a problem and relationships associated with this
problemwithout defaulting on pre-assumptions or biases [65]. It is applicable to complex
problem fields that are non-quantifiable, contain non-resolvable uncertainties, cannot be
causally modeled or simulated, and require a judgment [48]. MA proposes a set of tech-
niques, including the morphological box (MB) [66] also referred to as (morphological)
taxonomy [35, 41, 43]. This technique particularly fits the goal of investigating a total
set of configurations contained in a problem complex or the design space [47]. ‘In the
process, we build up a problem laboratory where we can generate alternative solutions
depending on different hypothesized conditions. In a sense, we build a non-quantified
input-output model, in which we can define independent and dependent variables, test
certain conditions against others, and hypothesize relationships’ [48].

The technique we propose sources at the method of the MB defined by Zwicky
[66], the MA-based process of collective creativity by Ritchey [47, 48], and steps for
standalone descriptive literature reviews by Templier and Paré [58]. Table 1 lists and
describes the steps while referring to the individual methodological guidelines.

3.2 Applying MASS to Human-Drone Collaboration

We aimed to identify the relevant design dimensions and their values for human-drone
collaboration without selecting specific configurations. Accordingly, we followed steps
1 to 8 from Table 1. In the following, we attend to each step as we employed it:

1. As illustrated in the introduction, collaboration between drones and humans is
not explored enough to allow for quantified or causal statements. Designing for this
collaboration requires judgments concerning design directions under uncertainty.
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Table 1. MASS procedure. Steps 1 to 8 (green) deal with generating a MB. Steps 9 to 13
(blue)instruct how to employ the box to explore the design space.

Steps of the MASS procedure Explanation and source of the guideline

1 Check entry conditions:
- design space is non-quantifiable
- contains uncertainties
- cannot be causally modeled
- requires a judgment

MA is dedicated to dealing with a mess , wicked problems
which are complex, ill-defined, ambiguous, unstable. The 
goal of MA is to transfer the mess into dimensioned and 
structured problems to enable systematic exploration of 
the issue and the definition of a solution [48].

2 Formulate a design problem you want to address. A 
problem describes the gap between the status quo and 
the desired state. It might be concrete, provided by a pro-
ject or case (e.g., a specific organizational issue), or ab-
stract, based on literature or a vision of a system (e.g., 
exploration of capabilities needed to achieve X).

Zwicky [66] requires the problem which is to be solved 
must be exactly formulated. The guidance for transparent 
literature review is more specific: define topic, formulate 
research question for the literature review [58]. The de-
fined problem should involve designing a sociotechnical 
system as one of the possible solutions. 

3 Identify potential and partial solutions to the problem 
from the existing literature: 
a. run a systematic, traceable search in established data-
bases using keywords or a set of seed articles 
b. if adequate, apply backward and forward search
c. screen the articles based on inclusion and exclusion 
criteria, assess the quality and relevance of the articles

There exist multiple guidelines for conducting a transpar-
ent and traceable literature review. We rely on Templier 
and [52] indications for a descriptive review for 
their comprehensive treatment of this topic. Since MA 
aims to structure and describe a problem/design space, 
we refrain from suggesting higher-level reviews like criti-
cal reviews, meta-analyses, or realist reviews.

4 Extract dimensions of the solutions thematized in the 
literature. These include manipulated variables or differ-
ences in various designs, aspects presented as a chal-
lenge, or discussion of further developments. No need to 
collapse synonymous dimensions from various papers. 

The MB method requires identifying parameters that
might enter into the solution of the given problem [66]. 
Those are the primary parameters of the problem com-
plex [48]. This overlaps with the extract data from 
studies in the literature review [58].

5 For each dimension, define a spectrum of potential val-
ues based on the analyzed literature. Those values rep-
resent alternative solutions to singular issues related to 
each dimension. At this stage, there is no need to col-
lapse dimensions or their values if they occur in several 
papers. Keep them all separate.

The MA requires that the taxonomy contains all of the so-
lutions that might be given to a problem [66]. Various val-
ues in various dimensions represent those. All values in a 
dimension should be of the same type. They might be 
scales, nominals, idea packages, binary combinations, 
social or technical scenarios, etc. [48]

6 Reduce and systematize the morphological taxonomy:
a. unify synonymous & overlapping dimensions, apply 

the union operation on dimensions when applicable
b. collapse synonymous values within a dimension

A collective creative approach towards MA suggests a 
cross-consistency assessment which requires prepro-
cessing of the values to repair vague concepts, synony-
mous meanings, or sources of confusion [48]. 

7 Assure completeness by checking finishing conditions:
- each dimens value appears in at least one paper
- no new dimensions/values are added with new papers
- dimensions and values do not repeat/are unique
- every known dimension and value is in the box

MA requires a comprehensive coverage of the problem 
space [66]. We suggest using completion conditions pro-
posed by Nickerson et al. [43] for taxonomy building. If a 
condition is not met, steps 3 to 6 should be repeated. 

8 Use the sociotechnical perspective to structure the
identified dimensions: context, social component, tech-
nical component, mutual interactions, and objectives. 
This step structures the MB and indicates unexplored
gaps with potential innovative solutions.

None of the used guidance explicitly proposes this step. 
Yet, it might be helpful to employ some theoretical framing 
for conducting a literature review [58]. We claim that the 
sociotechnical system framework is adequate for structur-
ing most of the design spaces in IS discipline. 

Steps 1 8 yield a MB synthesizing and reproducing the literature coverage of the design space.
Steps 9 13 use the box in a generative manner to create new configurations of a sociotechnical system.

9 (optional) Complement the MB with:
a. missing values in obviously incomplete dimensions

(e.g., range-based dimension missing a middle range) 
b. dimensions specific for problem, project context,

or the sociotechnical framing (see step 8). 

Creative MA approaches [48] recommend workshops as 
a primary way to identify relevant dimensions. We identi-
fied them from the literature. Yet, literature might be in-
complete. Systematically filling the gaps might yield inno-
vations that outperform earlier systems.    

10 Find contradictions, i.e., values that cannot co-exist or 
are incompatible within a single configuration. Document 
the contradictions or mark them directly in the MB. A 
cross-consistency matrix might be appropriate for larger 
MB. 

Cross-consistency assessment reduces the set of possi-
ble solutions to those free of internal contradictions be-
tween values in different dimensions. A matrix with cells 
standing for each unique relationship between two values
is proposed as an approach [47]. 

11 Select relevant input values that need to remain stable
in design or exploration. They are a starting point 
for identifying dimensions and values configurations com-
patible with potential predefined conditions.

This allows for exploring the design space in a generative 
manner, i.e., yielding individual solutions and their config-
urations [47, 48]. Those configurations are combinations 
of single values from different dimensions. 

12 Evaluate all potential, non-contradictory configura-
tions compatible with input condition according to 
criteria relevant for project. Use results from the lit-
erature to identify which configurations were used in prac-
tice and how they performed. 

Zwicky [66] suggests analyzing and evaluating solutions 
from the MB against purposes to be achieved. Evaluating 
key results and conclusions is also core for a descriptive 
literature review [58]. Yet not all possible configurations 
were studied before. 

13 Informed by the literature, available resources, and pro-
ject context, identify design configurations to be ex-
plored further (e.g., implemented and evaluated). This 
process might lead to discovering previously unattended 
dimensions or values for future research.

MA suggests selecting and implementing promising solu-
tions [66]. An additional MA study might be necessary for 
problems occurring during implementation and applica-
tion. Using results from literature might support the selec-
tion of best solutions and prevent repetitions [58].
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2. The hypothetical design problem we address is the development of effective and
adequate human-drone collaboration patterns for use in emergencies.We need to identify
relevant design dimensions and their potential values to do so.
3a. We run a systematic search with two queries: autonomous AND drone AND emer-
gency and autonomous AND drone AND disaster in titles and abstracts included in
Elsevier Scopus since 2010. We selected 50 best-cited items for each query.
3b. We added 20 other items in the set based on the forward and backward search.
3c. We applied a set of selection criteria to retain articles which: (i) discuss a specific
human-drone collaboration possibility, (ii) feature a semi or fully autonomous drone
involved in the collaboration, (iii) feature an emergency application scenario except for
policing and military contexts. Overall, we identified 53 relevant articles. The MA used
all those papers, yet we refer to 20 exemplary papers that covered the design space to
the most significant extent for presenting the results.
4., 5., 6. We extracted dimensions and values from the considered papers and then
grouped by similarity. We collapsed synonymous dimensions and values, reducing the
number of dimensions from 115 to 19. No dimensions were excluded. We introduced
self-explanatory naming when appropriate.
7. We controlled the finishing conditions. Specifically, we assured that the taxonomy
applies to all emergency situations presented in the source literature.
8. Finally, we grouped the dimensions in line with a sociotechnical system’s structure.

4 Results

Table 2 presents the output of applying the above procedure to the design of human-drone
collaboration for emergencies. Values and dimensions come solely from the literature
study, such that theMB reflects previously studied aspects. Based on it, one could identify
new configurations, see steps 9 to 13 from the procedure (cf. Table 1).

The analysis of the MB leads to several observations. First, the social components
is barely covered in the literature. The only aspect considered for the social compo-
nent is the skillset of the drone’s operator. The analyzed papers barely attend to the
social and organizational setting in which the collaboration happens and how internal
developments within those components reflect the usage of drones. Second, studies do
not explicitly, empirically attend to the humanistic or instrumental objectives, e.g., like
proportionality or fairness of drone’s use. Instead, they rely on the implicit assumption
that emergencies are about saving human life, health, and possession in a most effec-
tive manner. Accordingly, drones are presented as means to enhance the effectiveness
of the recovery missions. Consequently, the instrumental and humanistic objectives do
not occur in the MB at all. Third, mutual interactions are studied by various structural
aspects (number and type of agents, direction of communication). Variation in terms of
mechanisms applied for distribution of roles or responsibilities and exchange of infor-
mation, intentions, or desires were barely touched upon in the literature. However, the
literature deals with the context and elaborates on the specifics of individual emergencies
and technical requirements to enable an effective use of drones in those situations. The
coverage reflects domains dealing with the topic: CS and emergency management.
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Table 2. MB showing dimensions and characteristics relevant to designing collaborations
between humans and drones with adequate sources.

Overall, the MB provides insights into the focus of the existing literature. It points to
research potentials. Additionally, it could be used for exploring the design space by gen-
erating new configurations of values and exploring their applicability. For instance, one
could set on the case of an avalanche (as described in Sect. 2) and identify which config-
urations of human-drone collaboration were employed in this context or whether other
possibilities might be more successful given previous evidence from other emergency
events. This can inform design research projects in IS.

5 Discussion

The generated taxonomy and the proposed method have implications for DSR and IS.
In the following, we, first, attend to the potentials of DSR for designing human-drone
collaboration. Then, we discuss the proposed procedure as a transdisciplinary approach.

5.1 Design Science Research for Human-Drone Collaboration

Human-drone collaboration is a research area demanding attention because of the pro-
liferation of the technology and the potential of drones in emergencies. Its specifics
results from drones’ physical abilities and limitations, which might be hard to imagine
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for humans, making the collaboration with drones harder than with other digital agents.
The analysis shows that the nature and mechanics of human-drone collaboration have
not been researched much. We see two ways to fill this gap.

First, IS should revisit its own and adjacent discourses on human-machine teaming
[9, 40, 45, 53, 54] to examine the applicability of the generic guidance for collaboration
involving drones. We claim that some design principles developed for, e.g., conver-
sational agents concerning transparency or explainability, can be adapted to drones,
whereas those on, e.g., verbal conduct might be omitted or abstracted [23, 53, 63].

An exciting line of research might reflect the need to support mutual sensemak-
ing of each other between humans and drones [21, 24, 37, 49, 62]. Humans can only
hardly put themselves in a drone’s ‘shoes’, thus making coordination of activities harder.
Also, the current generation of drones lacks an understanding of human behavior, prob-
ably following the assumption that encountering humans up in the air is unlikely (as
opposed to streets where self-driving cars frequently interact with uninvolved individ-
uals). Designing ways to bridge this divide might be specifically crucial for the use of
drones.

Second, technical researchers and designers developing drones should pair up with
HCI or IS experts to include social and organizational aspects of drones’ application. It
is necessary to go beyond the technical focus [6, 32, 38, 46, 56, 64] and investigate the
social characteristics of the application domains. Accordingly, the conducted literature
review offers only a partial answer to the research question (What design dimensions
describe the state-of-the-art collaboration between humans and drones in emergency
situations?); the social dimensions yet need to be specified in a creative step of the
MASS procedure. We invite the community to apply the MB to classify real projects.

5.2 MASS in Design Science Research

The sociotechnical perspective forms the axis of IS research [19, 22, 36, 50]. DSR is a
paradigm for engineering and exploring the application of technological artifacts in social
and organizational contexts [29]. What emerges from DSR projects are sociotechnical
systems designed to support humanistic and instrumental objectives. DSR has positioned
literature review as a relevant source for definitions of problems and theoretical under-
pinnings of the solutions [29]. However, design space exploration has been frequently
seen as subject to creative and abductive processes [25, 27]. Recent considerations on
MA suggest its use for generating design principles, i.e., prescriptive design knowledge
[41], or taxonomizing design research outputs [35, 43]. The original purpose of MA is
to explore possible relationships in a complex system [48, 65, 66] and multidimensional
space [15]. This potential of MA fades away in IS despite its potential for understanding
the transdisciplinary nature of design endeavors.

This paper outlines a technique that combines MA [47] and the MB technique [66]
with a systematic literature study [58]. This technique helps (1) get a systematic overview
of research addressing a related problem, (2) identify design decisions they will have to
make during development, (3) select the most promising design ideas for each dimen-
sion based on past research, (4) spot untouched or underestimated aspects which might
be the ultimate gamechanger for the overall performance. The sociotechnical framing
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calls researchers’ attention to all equally important components. The procedure helps
approach the creative gap systematically across disciplinary lines.

6 Conclusion

This article attends to human-drone collaboration in emergencies according to the pro-
posed MASS technique. It indicates the need to explore the social aspects of this col-
laboration and to explicate the objectives of applying drones in emergency situations.
This insight offers new areas of multidisciplinary inquiry for design and IS researchers,
e.g., about multimodal platforms or swarming risks. It also informs practitioners on
what relevant aspects have been addressed in the literature for the development of real-
world applications. Additionally, the described literature-supported procedure can be
replicated to explore design space for solving other complex, sociotechnical problems
studied across disciplines. The proposed MB can be strengthened by considering a
broader literature basis and real-world, industry applications to avoid publication bias.
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Abstract. Depression is a large-scale and consequential problem in youth and
young adults. Conversational agents (CAs) can contribute to addressing current
barriers to seeking treatment, such as long waiting lists, and reduce the high
dropout rates reported for other digital health interventions. However, existing
CAs have not considered differences between youth and adults and are primarily
designed based on a ‘one-size-fits-all’ approach that neglects individual symptoms
and preferences. Therefore, we propose a theory-driven design for personalized
CAs to treat depression in youth and young adults. Based on interviews with
patients (i.e., people diagnosed with depression), we derive two design princi-
ples to personalize the character of the CA and its therapeutic content. These
principles are instantiated in prototypes and evaluated in interviews with experts
experienced in delivering psychotherapy and potential nondiagnosed users. Per-
sonalization was perceived as crucial for treatment success, and autonomy and
transparency emerged as important themes for personalization. We contribute by
providing design principles for personalized CAs for mental health that extend
previous CA research in the context of mental health.

Keywords: Conversational agent ·Mental health · Personalization ·
Transdisciplinary research

1 Introduction

Depression is one of the most common mental disorders in adolescence and early adult-
hood. Approximately 5.6% of young people worldwide are affected by depression [1].
The individual and social consequences are enormous. Affected individuals are more
likely to exhibit physical impairment and substance abuse, have poorer academic results,
and have an elevated risk of suicide [2–4]. Furthermore, depression causes high health
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economic costs [3]. Psychotherapy, delivered by human therapists, is an effective treat-
ment and often the first choice to mitigate the individual and social consequences associ-
ated with depression [5, 6]. However, treatment resources are scarce: On average, people
seeking help have to wait almost five months to start psychotherapy treatment [7]. In
addition, young people experience two additional barriers when seeking treatment: First,
they are significantly less likely to use professional support [8] due to feelings of shame,
insecurity, and a greater desire to solve problems themselves [8]. Second, weekly in-
person sessions with an adult therapist may not match the technology-driven lifestyle of
youth and young adults. Although digital health interventions (DHI) are available and
effective, studies have shown high dropout rates [5, 9]. Using a conversational agent
(CA) may have great potential to tackle this problem. CAs are software systems that
mimic human conversational behavior [10]. In contrast to other DHI, CAs can not only
realize (1) the specific effects of therapy [11] by delivering therapeutic content, such
as providing information on depression and working through exercises but also (2) the
common factors of therapy [11], such as the alliance between patient and therapist,
because CAs offer an interactive, conversational format that mimics human-delivered
therapy [12–14]. By adding the realization of common factors, CAs seem thus promis-
ing to increase engagement and reduce dropout rates to match human-delivered therapy
and ultimately improve treatment success. CAs in the context of mental health, such as
the highly cited [13, 14] and successful commercial apps Woebot (woebothealth.com)
and Wysa (wysa.io), provide self-guided therapy based on the principles of cognitive
behavioral therapy (CBT), interpersonal therapy (IPT), or dialectical therapy and have
shown promising effectiveness in reducing symptoms of depression [13, 14]. Moreover,
users of mental health CAs report experiencing relationship building [15] and feelings
of social support [16], which supports the argument that mental health CAs can also
realize common factors of therapy and may thus be better suited than other DHI to treat
mental health problems. Although preliminary evidence shows promising potential for
CAs to reduce depressive symptoms, there are several limitations. First, the majority
were tested in pilot studies with a focus on adults. However, youth differ from adults in
terms of cognitive and emotional development, social relationships, and problem behav-
ior [17]. In addition, neither the development nor the evaluation included participants
diagnosed with clinical depression. Thus, the development and evaluation of CAs for
youth (13–17 years) and young adults (18–25 years) must consider these aspects. Sec-
ond, existing CAs are designed primarily based on a ‘one-size-fits-all’ approach that
neglects individual symptoms and preferences [18]. This is particularly important for
youth and young adults because they are used to personalizing the content and appear-
ance of digital applications according to their own needs and preferences. Therefore, it is
necessary to consider how CAs can be designed in a way that allows for personalization.

Against this backdrop, our research focuses on the question of how to design a
personalized CA to treat depression in youth and young adults. To address this research
question, we are conducting a comprehensive transdisciplinary design science research
(DSR) project [19, 20]. In the first cycle, we first conducted interviews with youth
suffering from depression to gain an in-depth understanding of the problem, their needs,
and preferences. Based on the interviews, CBT and IPT, and theories of personalization
[18, 21], we derived two initial design principles (DPs) for personalized CAs to treat
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depression. Next, we instantiated these two initial design principles in four prototypes,
which were evaluated in interviews with five experts and five potential users. Our results
suggest that personalizing character and content is crucial to designing effective CAs to
treat depression. In addition, transparency and agency are the most important aspects to
consider when implementing personalization.

2 Related Work

2.1 Conversational Agents for Mental Health

The use of CAs to provide self-help psychotherapy interventions has been explored in
several studies [22]. For example, a 2-week use ofWoebot, a CA developed based on the
theoretical foundations of CBT to work on depression-typical, dysfunctional thoughts or
behaviors of depression, significantly reduced symptoms of depression [13]. Symptom
reduction was also shown after using Wysa [14]. Recent reviews of mental health CAs
reported high user satisfaction, sufficient effectiveness, and safety to conduct research
with clinical populations [22]. In summary, CAs seem more suitable than other DHI,
as users have reported experiencing social support [16] and a stronger working alliance
[15].

2.2 Personalization

In the context of information technology, personalization has been defined as a ‘process
that changes the functionality, interface, information access, and content, or distinctive-
ness of a system to increase its relevance to an individual or a category of individuals [12,
p. 183]. Users appreciate personalization features because they can improve ease of use,
efficiency, and provide users with a feeling of being in control [23]. Our work draws on
the frameworks of personalization approaches of Fan and Poole [21] and Kocaballi et al.
[18]. Depending on the specific field of research and discipline, personalization is often
used synonymously with adaptation, customization, and tailoring [21]. We decided to
use the term personalization because it is commonly used in the medical and health lit-
erature [17]. Fan and Poole [21] conceptualize personalization along three dimensions:
(1) what is personalized, i.e. the elements of the system that are being changed, (2)
for whom is the personalization, i.e., the target: individual vs. group, and (3) who is in
control of personalization, i.e. the user or the system. Within dimension (3), the authors
differentiate between implicit (i.e., executed by the system) and explicit personalization
(i.e., executed by the user), Kocaballi et al. [18] extended Fan and Poole’s framework
with (4) the purpose of personalization. Table 1 below illustrates the dimensions of
personalization that serve as the basis for our proposed design.

In their review of personalization features in health CAs, Kocaballi et al. [18] pointed
out that severalCAs implemented personalization, such as tailoring content or interaction
styles to individuals. However, they also identified a lack of investigating personalization
within a theoretically grounded and evidence-based framework [18]. In our work, we
mainly focus on the dimensions of purpose, elements, and agency.
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Table 1. Dimensions of personalization (based on [18, 21])

Dimension Question Values (examples)

Purpose What is the purpose of personalization? Increased user motivation

Elements What is personalized? Content
Functionality

Target To whom is personalized? Single-User vs. Group of Users

Agency Who is in control of personalization? System: implicit/adaptive
User: explicit/adaptable
Mixed initiative

3 Methodology

Our research project follows DSR approach [19] to solve an important real-world prob-
lem and design a personalized conversational agent to treat depression in youth and
young adults. We chose this research approach because it allows iterative design [19,
25] and the participation of users and experts in the design and evaluation phases [19].
We conduct a transdisciplinary project due to (1) the focus on a complex problem, (2) the
inclusion of an interdisciplinary team consisting of researchers from information sys-
tems, clinical psychology, and psychotherapists, and (3) involving societal actors (i.e.,
patients) as process participants [20]. A transdisciplinary approach is particularly impor-
tant given that poorly designed mental health interventions can have fatal consequences.
The DSR project is based on the well-established approach suggested by Kuechler and
Vaishnavi [25] and divided into three design cycles to incrementally improve the func-
tionality and impact of our artifact. In this paper, we report the results of the first design
cycle, which focused on understanding the problem space (i.e., treating depression in
youth and young adults using CAs) and exploring personalization to improve treatment
success (Table 2).

Table 2. Overview of our DSR approach

DSR Project Phases 1. Design Cycle 2. Design Cycle 3. Design Cycle

Awareness of Problem Interviews with patients Analysis of Initial Evalua-
tion Analysis of prior evaluations

Suggestion Formulation of the initial
design principles

Refinement of
DPs

Refinement of
DPs

Development Implementation of
first prototype

Implementation of a fully 
functional prototype

Implementation of final soft-
ware artifact

Evaluation Interviews with experts and 
potential users (N=10)

Online experiment
with potential users.

Field experiment
with patients

Conclusion Reflection of initial design 
and evaluation results

Reflection of fully functional 
prototype and evaluation re-

sults

Formulation of
nascent design theory
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In the problem awareness phase, we reviewed the literature on mental health CAs
in clinical psychology and conducted interviews with 15 youth diagnosed with depres-
sion, which we analyzed by first creating a coding scheme and then deriving higher-
order themes. In the suggestion phase, we drew upon frameworks of personalization
approaches [18, 21] as well as CBT and IPT to propose two design principles on how
to personalize mental health CAs for the treatment of depression. Subsequently, we
instantiated design principles in four different prototypes of text-based mental health
CAs (i.e., chatbots) developed with Figma (figma.com) and Botsociety (botsociety.io).
These prototypes were evaluated in interviews with five experts, experienced in clinical
psychology and psychotherapy, and five potential users. For the evaluation, we selected
the technical risk and efficacy strategy [26] due to the sensitive context of depression:
We decided to first evaluate the proposed DPs with a group of experts and potential users
to get feedback and improve our design before evaluating a fully functional prototype
in a more naturalistic setting.

As shown in Table 1, we plan two more design cycles. We will first use the open-
source conversational AI framework Rasa to develop a fully functional prototype. Sub-
sequently, we will refine the DPs and improve the prototype based on studies in an online
and naturalistic setting.

4 Design Science Research Project

4.1 Problem Awareness

To improve our understanding of the problem space, we first conducted interviews with
youth diagnosed with depression. We recruited 15 participants between 14 and 17 years
of age, all female, through local clinical psychologists and psychiatrists. The previous
experience of the participants with psychotherapy varied. In line with the literature [7],
all participants previously struggled to find professional treatment due to long waiting
lists. Some participants were frustrated by the lack of interventions to bridge the waiting
time. One participant stated: ‘[I] signed up for this study, because there were no other
forms of treatment when I was on a waiting list. So, [I] wanted to help creating one’.
Another participant expressed her dissatisfaction with a self-help book she had tried.
Adding to the literature [8], multiple participants reported feelings of insecurity, stigma,
and the desire to solve their problems on their own as barriers to seeking treatment.
The participants also identified several advantages of CAs compared to face-to-face
psychotherapy. For example, participants mentioned that CAs would be neutral, non-
judgmental, and anonymous, which facilitates sharing sensitive information. In addition,
they appreciated that they could rely onCAs being continuously available and not limited
to a single therapy session per week. In summary, there is evidence that CAs can address
some of the issues raised in the introduction, particularly bridging waiting times.

Regarding the design, the participants expressed a wide variety of needs and prefer-
ences, revealing the importance of personalization. Some participants desired CAs to be
like a friend, that uses similar language. Yet, others wanted the CA to resemble a human
therapist due to the distant, professional relationship, which facilitates conversations
about sensitive topics. Another frequently mentioned topic was the usage of emojis.
While some participants wanted the mental health CA to include emojis (and gifs) in its

http://figma.com
http://botsociety.io
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messages, others stated that this would look unprofessional and counteract the serious-
ness of depression. While some preferred to access the CA through instant messaging
apps such as WhatsApp, others suggested a standalone app. For a standalone app, the
design preferences ranged from a very colorful appearance to a ‘professional’ black-
grey-white appearance, which was associated with professionalism. Yet, current mental
health CAs do not accommodate the wide-ranging needs and preferences mentioned by
our participants [18]. In addition, our participants explicitly requested personalization
features regarding the character and the content: ‘I would like to choose a name, change
the avatar and select the topics I want to work on’.One participantwanted theCA to auto-
matically adapt to her therapeutic needs and language style. Taken together, our findings
suggest that a ‘one-size-fits-all’ approach to designing CAs to treat depression may not
be able to reach its full potential. Although our interviews revealed potential advantages
of CAs compared to human therapists and other interventions, they also emphasized the
crucial role of personalization to improve the user experience and subsequently improve
therapy outcomes.

4.2 Suggestion

From the interviews, we obtained substantial evidence for the importance of personaliza-
tion. However, personalization is complex due to its elusive and multifaceted nature and
the variety of definitions assigned to it by scholars from different fields (e.g., informa-
tion systems, health, computer science). To guide our design, we, therefore, drew upon
established frameworks of personalization [18, 21] that were introduced in Sect. 2.1.
According to these frameworks, the fundamental dimension of personalization is the
element of personalization (i.e. what is being personalized). In the context of CAs, these
elements primarily include the CA’s character (i.e., gender, age, social role etc.) and
the content (i.e., the content of the messages, knowledge base, etc.) [27]. In the inter-
views, 8 out of 15 participants expressed the desire to personalize the name, gender, and
social role of a CA, suggesting that personalizing the character should represent a major
design principle (DP). Therefore, we propose DP1: To improve treatment outcomes for
depressed youth and young adults, provide the conversational agent with the capability
to personalize its character to match user needs and preferences because a personal-
ized character helps users to form a stronger relationship with the CA. The second key
element of personalization is the CA’s (therapeutic) content. According to the health
literature, personalized content improves the use [28] and the perceived helpfulness of
DHI [29]. Thus, we propose DP2: To improve treatment outcomes for depressed youth
and young adults, provide the conversational agent with the capability to personalize
the therapeutic content to match user needs and preferences because personalized con-
tent increases the relevance and efficiency of the CA. As introduced above, the second
dimension of personalization is agency (i.e., who controls the personalization). As our
participants expressed their interest in both adaptable CAs, in which they are in control
of personalization, and adaptive CAs, inwhichCAs control personalization, we integrate
adaptable, adaptive, and mixed-initiative personalization into our DPs. By instantiating
prototypes that demonstrate all these approaches, we aimed to evaluate and prioritize
these approaches and then refine the DPs accordingly.
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4.3 Development

To instantiate our initial DPs, we developed four prototypes. As the participants’ prefer-
ences varied substantially, we aimed to explore different elements and degrees of agency
of personalization in our prototypes. Based on the evaluation results, we aim to find the
most important features and refine the DPs accordingly. The first two prototypes instan-
tiated the personalization of the CA’s character (DP1). The first prototype provided the
userwith the opportunity to personalize the name, gender, typing speed, avatar, and social
role. These characteristics were selected based on our findings from the interviews with
patients. The second prototype showcased the possibility for the CA to automatically
adapt to the users’ use of emojis, since the use of emojis emerged as a polarizing element
during the interviews (Fig. 1).

Fig. 1. DP1 – Personalization of character: prototypes 1 (left) and 2 (center and right).

The other two prototypes instantiated the personalization of the content (DP2). In
CBT and IPT, content comes in the form of modules (e.g., behavioral activation, sleep
hygiene). We instantiated two prototypes that reflect the personalization of these mod-
ules in different ways. Prototype three contained the task to respond to items from a
depression scale and the relevant modules were selected based on their responses. For
instance, themodule on sleep improvement is only integrated if a user reports sleep prob-
lems. Prototype four instantiated a more flexible version of the second design principle.
Here, instead of personalizing the content once in the beginning, a matching module
is suggested when users report specific issues on a particular day. For example, CADY
suggests the module sleep hygiene if users report sleep problems during daily check-in
(Fig. 2).
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Fig. 2. DP2 – Personalization of content: prototypes 3 (left) and 4 (center and right).

4.4 Evaluation

To evaluate our prototypes, we conducted interviews with five independent experts with
experience in delivering psychotherapy (3 female, Mage = 29) and five potential users (3
female, Mage = 24). By including experts, our objective was to understand whether our
proposed design is consistent with established principles of psychotherapy. We decided
to recruit non-diagnosed individuals as potential users to first ensure the safety of the
prototypes before including young people diagnosed with depression. In each interview,
we first explained the concept of CAs and introduced our research project. Subsequently,
we explained the DPs and demonstrated their instantiations. During the presentation and
afterwards, participants were asked to evaluate the prototypes and to provide ideas for
further personalization. The interviews lasted 40 min on average. All interviews were
recorded and transcribed. To analyze the feedback from the participants, we used a
bottom-up approach to synthesize the interviews into higher-order themes.

5 Results and Discussion

All participants appreciated the personalization of the CA to suit their own needs and
preferences (or those of their clients), providing evidence of the utility of both DPs.
Moreover, all participants emphasized personalization as a crucial feature for the suc-
cess of mental health CAs. In terms of DP1 and prototype 1, every participant supported
the idea of personalizing the agent’s name, gender, and avatar as a mechanism for rela-
tionship building. Especially gender was identified as an important characteristic for
users to feel safe and comfortable in case they’ve had negative experiences regarding
one gender in the past. Using a robot or an animal avatar was suggested as an additional
gender-neutral and nonhuman version to satisfy users who prefer to talk with a robot
instead of a human. The participants also suggested adding age as a variable to choose
from. Instead of personalizing each aspect separately, multiple participants suggested
combining variations of gender, avatar, age, and social role into 3–4 different characters,
from which users can choose. They argued that presenting a few characters instead of
each characteristic separately would decrease the variables to choose from, which could
otherwise be overwhelming and result in annoyance or dropout. In addition, participants
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suggested comprehensive information (e.g., brief introductory videos) about each char-
acter, so users can imagine what interacting with them would feel like. In terms of the
specific social role, participants expressed interest in a non-human, agender robot, an
older therapist-like role and a younger coach-like role. Most experts advised against
implementing a friend-like role (like in prototype 1) as they feared that the lack of a pro-
fessional relationship could endanger the therapeutic process. Therefore, they suggested
that one should be able to choose between professional roles that encompass different
personality traits: ‘For example, I would suggest that social roles differ between warm,
understanding, empathic versus rather cool, rational, direct.’ Regarding prototype 2,
experts and users generally valued the idea of providing the CAwith the agency to adapt
to their use of emojis and language more generally, as experts explained that adapting
to the clients’ language resembles therapist-client relationship building in the context of
psychotherapy. In addition, potential users indicated that they regularly adapt the emoji
and language use to their friends and that this could improve the human-chatbot relation-
ship. However, some participants were concerned with implementing the feature before
it had reached sufficient accuracy. They stated that an insufficient automated adaptation
would be worse than a non-adaptive system. Participants also requested the feature to
turn off the automated adaption and information on how the CA adapts to them. Instead
of automatically regulating emoji and language usage, one participant suggested inte-
grating different language styles and emoji use into the different characters to give users
control and counter potential technical limitations.

In terms of DP2, experts and potential users perceived the personalization of the
therapeutic content, i.e. the purpose of the personalization, to be crucial for the success
of a CA to treat depression andmore important thanDP1. Regarding prototype 3, experts
and potential users liked the idea of personalizing content at the beginning based on
responses to a depression scale: ‘I think it is important that the agent asks about the
symptoms of depression. And it’s also important that it’s highly structured because most
of the time it’s very, very difficult for my clients to verbalize their issues’. One expert
suggested an extension of prototype 3: ‘In addition to the depression scale, it should be
possible for a user to openly state the most pressing issue. If users feel that the agent
listens and prioritizes this issue, it will increase their motivation, which is crucial for
the treatment success.’

When evaluating prototypes 3 and 4, a trade-off between flexible personalization
and a structured plan emerged. On the one hand, experts and potential users emphasized
the need for autonomy, i.e., the ability to flexibly choose or change a module instead
of a fixed schedule, and its potential to increase motivation and engagement. On the
other hand, experts emphasized the importance of a plan with compulsory modules and
a fixed sequence. The fixed sequence was deemed important because some modules
can be tiring and difficult but play a crucial role in achieving treatment success and
therefore need to be completed. Experts mentioned that a structured plan also provides
users with certainty and transparency, which makes CAs more reliable and the treatment
goals more visible. However, an inflexible plan, which does not sufficiently integrate
individual needs and preferences, could reduce motivation, user engagement, and thus
lead to dropout. Consequently, the challenge is a compromise between personalizing
therapeutic content flexibly and maintaining a structured program, which one expert
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summarized: ‘Some content should be fixed, but users should still feel that they can
decide for themselves. But not only depending on the momentary mood. If users only
choose based on the momentary mood, then there will probably not be much change. You
will have to build some feature that makes sure users are also doing the exercises and
consume the information no matter what their mood is like.’ A possible solution emerged
from combining prototypes 3 and 4: Experts suggested keeping the personalization of
the therapy modules in the beginning based on psychometric data and presenting these
results as a personalized structured program while being able to deviate when a specific
issue (like sleep problems or low energy) arises. However, when deviating, it should
be explicitly framed as a deviation from the personalized structured treatment plan. In
prototype 4, the CA suggested a module because it recognized sleep problems in the
users’ text messages during daily check-in. Although participants appreciated that the
CA was able to handle an acute problem, experts reiterated that young people often
cannot verbally express their problems. Therefore, one expert suggested personalizing
the daily check-in: ‘Maybe it is helpful to ask ‘how are you today’ in different ways
because there are people who just never know an answer to this question. You could
work with something like a thermometer or emojis. So, the agent could first ask ‘I would
like to know how you are doing, in what way do you want to tell me today?’ and then
the user can select a thermometer, choose an emotion from a list, or select to write a text
message.’

Based on feedback from our participants, we identified several opportunities to
improve the prototypes. While both DPs received positive feedback, the feedback also
revealed that the automatic personalization of the character may be less promising than
initially expected. Combining this feedback with the technical challenges of making
the CA’s character adaptive, we have decided to no longer pursue automatic adapta-
tion. Regarding DP1, we will focus on user-controlled personalization of the mental
health CA’s character and regarding DP2, we will implement explicit personalization
and mixed-initiative. This refinement and the suggested improvements for the proto-
types serve as the entry point into the second cycle. In general, participants discussed
two themes the most: (1) autonomy, i.e., giving user control over personalization fea-
tures, and (2) transparency, i.e., being transparent about what is being personalized and
how it is done.

6 Conclusion

This paper presents insights from our ongoing transdisciplinary DSR project to design
a personalized CA to treat depression in youth. Based on interviews with our target
group, we corroborated the need to integrate personalization features into the design
process. We proposed two DPs to guide the design of a personalized CA and instanti-
ated the DPs in four prototypes. We evaluated the prototypes in interviews with experts
and potential users. Overall, the feedback was positive, and the importance of personal-
ization was confirmed. However, participants also expressed concerns about automated
personalization performed by a CA since they were sceptical of the technical feasibility
and emphasized the loss of control. In general, autonomy and transparency emerged
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as important themes guiding the design of personalization efforts. Finally, our partici-
pants gave valuable feedback for (1) refining and extending the proposed personaliza-
tion features and (2) suggesting additional personalization features (e.g. personalized
reminders), which we will incorporate into our next DSR cycle. In summary, our results
show that personalized mental health CAs are a promising approach to accommodate
users’ symptoms and preferences. However, to comprehensively evaluate the impact of
personalization, more research is needed that compares CAs with and without person-
alization features. Although our research follows established guidelines for conducting
DSR [19, 25], we need to highlight some limitations. First, the samples for the problem
awareness and the evaluation interviewswere relatively small. In addition, the evaluation
interviews included only nondiagnosed individuals. Consequently, for the results to be
more comprehensive and generalizable, larger sample sizes are necessary. Second, we
used an interactive prototype and brief prototype videos to demonstrate our proposed
design. Although we argue that this approach is appropriate for a first DSR cycle, fur-
ther research based on a fully functional prototype is crucial. Therefore, in our second
DSR cycle, we will implement the most important personalization features in a fully
functional prototype. Evaluating our DPs again in the second DSR cycle will also con-
tribute to further refining and validating our DPs, which is a crucial next step. With our
research presented in this article, we contribute valuable design knowledge that serves
as a starting point for future research on the design of personalized mental health CAs.
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Abstract. Design principles capture prescriptive design knowledge to guide
design science researchers and design professionals in their design works. In
the context of a transdisciplinary team, design principles can also be a power-
ful vehicle to bridge knowledge barriers and facilitate collaboration among team
members with different backgrounds and expertise. These heterogeneous actors
use design principles as a boundary object which helps to mediate their diverse
perspectives. The paper draws from boundary object theory to explore the goals
and the mechanisms of boundary spanning through ‘design principles-in-use’ and
‘design principles-in-formulation’. We discuss the applicability of our findings
using a case of formulation and application of design principles for data spaces
in a transdisciplinary research consortium. Our results add the layers of transdis-
ciplinary collaboration to the ongoing discourse on design principles and design
knowledge accumulation and evolution.

Keywords: Design principles · Boundary objects · Transdisciplinary DSR

1 Introduction

Since the importance of transdisciplinary research has gained momentum, numerous
projects face the key challenge of integrating knowledge and experiences from diverse
actors across disciplinary boundaries [1]. Consider, for example, the case of designing
international data spaces that aim at creating sovereign digital environments for data
exchanges. While the design of such spaces knowledge from different domains, such as
Computer Science, Law, Ethics, and Business Administration, needs to be integrated,
the actual space deployment demands coordinating diverse actors from academics to
policymakers (e.g., [2, 3]). To overcome those hurdles, transdisciplinary teams need to
manage their knowledge boundaries appropriately [4].

As the process of codifying knowledge and experiences in a language shared by a
team can help to find consensus, facilitate discourse, and foster the exchange of mutual
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learning [5], we argue that this is a promising approach to particularly leverage trans-
disciplinary design science research (DSR). In such DSR settings, diverse stakehold-
ers need to synthesize the knowledge that they have gathered throughout a project to
promote a shared understanding and to inform future DSR projects addressing similar
problems. The resulting design-relevant knowledge is commonly captured in the form
of design principles [6], which help researchers to transcend a single success story by
using the knowledge at a different time and in different application scenarios as well
as practitioners to get formalized findings [7–9]. Given the aforementioned challenges
of transdisciplinarity, we see the potential of design principles to become an interface
between different actors, contexts, and domains. For examining this potential, we asked:

• RQ: How to support transdisciplinary research with design principles?

In attempting to answer this, we draw from boundary object theory. Doing this, we
explore the goals and the mechanisms of boundary spanning through design principles-
in-use (i.e., applying produced design principles in new settings) and design principles-
in-formulation (i.e., the process of jointly creating a shared language). Boundary objects
mediate between different users by facilitating a stable core to enable consensus but still
allow for interpretative flexibility in local application [10]. Design principles as a prod-
uct do share these characteristics. This perspective is not new since Romme et al. [11]
have already pointed to design rules and construction principles as boundary objects.
Similarly, Gurzick and Lutters [12] positioned design guidelines at the border between
theory and practice and as a bridge between practitioners and researchers. We contribute
to this perspective by taking into account the practices involved in spanning the knowl-
edge boundaries with design principles. Following this, we suggest both formulating and
using design principles are boundary-spanning activities. By building on the notions of
boundary object and boundary spanning, we aim to extend the functionality and applica-
bility of design principles. Our results add the layers of transdisciplinary collaboration
to the ongoing discourse on design principles as well as design knowledge accumula-
tion and evolution. These perspectives contribute to the practical implication of DSR:
Considering design principles as a boundary object can help to blur or even span the
boundaries between DSR and design practice.

The paper is structured as follows. Section 2 briefly describes the idea of boundary
object and boundary spanning as well as themodus operandi of design principles-in-use
and design principles-in-formulation. In Sect. 3, we conceptualize design principles as
an object that supports boundary spanning. Section 4 demonstrates our conceptualization
using the case of design principles for data spaces. Section 5 highlights contributions
and limitations as well as outlines avenues for further research.

2 Research Background

2.1 Boundary Object and Boundary Spanning

Boundary objects are interfacing agents that mediate between actors from different
backgrounds, which are, according to Star and Griesemer, “(…) both plastic enough to
adapt to local needs and the constraints of the several parties employing them, yet robust
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enough to maintain a common identity across sites” [10 p. 393]. They are useful in case
they allow for a spectrum of conceptual density and interpretative flexibility; they are
‘weakly structured’ when used by many and ‘strongly structured’ when employed in
the local application context [13 p. 393]. The application programming interface (API)
and integrated development environment (IDE) are two prominent examples of boundary
objects, both serving as an interface for third-party developers [14]. These objects enable
third-party developers to interact with each other (e.g., through forums) and contribute
new applications using a standardized technological infrastructure [15].

Boundary objects help to blur and even extend the boundaries between members of
transdisciplinary teams or between teams in a consortium. A mechanism referred to as
boundary spanning [16]. Boundary spanning can be done by using or creating boundary
objects: “As the amount of novelty increases, the organizational capability necessary
for successful knowledge integration shifts from one of efficiently using (exploitation)
current boundary objects to one of effectively creating (exploration) boundary objects.”
[17 p. 1192]. Our paper relies on Carlile’s [4, 18] view on the roles of boundary objects
in managing knowledge across boundaries (see Table 1).

Table 1. Fundamental characteristics of boundary objects (adapted from [18]).

Boundary Characteristic Selected definition

Syntactic Shared language “[A] boundary object establishes a shared syntax or
language for individuals to represent their
knowledge.” [18 p. 451]

Semantic Codification of knowledge “An effective boundary object at a semantic boundary
provides a concrete means for individuals to specify
and learn about their differences and dependencies
across a given boundary” [18 p. 452]

Pragmatic Dynamic use “At a pragmatic boundary an effective boundary
object facilitates a process where individuals can
jointly transform their knowledge” [18 p. 452]

2.2 Design Principles-in-Use and Design Principles-in-Formulation

Design principles capture “knowledge about creating other instances of artifacts that
belong to the same class” [21 p. 39] and thereby guide designers to create an artifact
successfully [19]. Although there is a variety of approaches to develop design principles
[20], for this paper, we make a distinction between two main activities, namely design
principles-in-use and design principles-in-formulation. Referring to in-use, as design
principles are so-called meta-artifacts, designers need to contextualize them when solv-
ing a specific problem [22]. Because of the heterogeneity of instance scenarios, the
varying degrees of condensed knowledge, and the claim of generic applicability, design
principles instantiation requires interpretation [23, 24]. In contrast, the formulation of
design principles involves abstraction from a specific problem to a more general class of
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problems [22] and matching them to a class of artifacts [20, 25, 26]. Figure 1 visualizes
the continuing life-cycle of design principles [22].

Abstract 
problem

Abstract 
solu on

Instance 
problem

Instance 
solu on

Solu on search

Registra on

Abstract domain

Instance domain

Abstrac on

Theorizer

Applica on

User Enactor

DESIGN PRINCIPLES-IN-FORMULATION

DESIGN PRINCIPLES-IN-USE

Implementer

Fig. 1. Conceptualization of ‘design principles-in-use’ (instance domain) and ‘design principles-
in-formulation’ (abstract domain) adapted from Gregor et al. [22] and Lee et al. [27].

3 Design Principles for Boundary Spanning

In this section, we begin our arguments by conceptualizing design principles as a bound-
ary object with supporting literature statements. Then we propose viewing formulating
and using design principles as boundary spanning activities. In so doing, we provide two
visualizations of both activities in the context of transdisciplinary DSR.

3.1 Design Principles as a Boundary Object

Design principles codify knowledge about a solution class to a particular problem class
for which reason it can be translated or adapted to other similar design contexts. In
the field of Organization Science and Organization Design, design principles have long
been considered a boundary object between the research and the practice of organization
design (e.g. [11, 28]). The boundaries can be bridged by the use of design principles as a
shared language and conceptual framework to bring together scholars and practitioners to
action [11].Boundary objects require a spectrumof interpretativeflexibility to implement
different application scenarios. Design principles, per se, address a class of artifacts,
which subsequently require contextualization once used in a particular instance andmust
be tailored to the local requirements of their application [23]. They enable designers to
codify their knowledge as a shared understanding (i.e., shared language) and transcend a
single instance’s boundaries [29]. Table 2 maps statements from the literature on design
principles to the characteristics of a boundary object.



46 F. Möller et al.

Table 2. Design principles as a boundary object.

Boundary Characteristic Supporting literature statement(s)

Syntactic Shared language “[Design principles] are an appropriate way to
communicate findings to both technology-oriented
and management-oriented audiences (…).” [7]

Semantic Codification of knowledge “Design principles, thus, carry multiple possible
meanings as they are interpreted differently in
different contexts according to the need and purpose.”
[23 p. 40]

Pragmatic Dynamic use “(…) where reflection/abstraction and
application/experimentation are shown as occurring in
cycles until relatively stable design knowledge can be
formalized.” [22]

3.2 Design Principles-in-Formulation as Boundary Spanning

Based on Fig. 1, we can infer the following about what happens when a transdisciplinary
team formulates design principles: Team members generalize from their design projects
in order to generate abstracted design principles. When abstracting, each team member
moves from her/his specific scope and responsibilities in the project. They communicate
the insights (either grounded in theory or from project experience) in a language under-
standable to all team members with different expertise and knowledge domains. Hence,
they align their collaboration using this shared language.

Formulating design principles can assist the team in overcoming knowledge barriers
between design team members with different backgrounds (see Fig. 2). By integrating
viewpoints fromnumerous disciplines and stakeholders into a shared set of design princi-
ples, the boundaries are blurred or even spanned. Accordingly, the process of formulating
those principles should allow for participation and collaboration.

DESIGN PRINCIPLE FORMULATION DESIGN PRINCIPLE USE

sevitcepsreP
sesahP

Design context

Engineer Economics …Admin.

Design principles spanning knowledge barriers

Engineer Economics …Admin.

Fig. 2. Formulating design principles as boundary spanning.



Design Principles for Boundary Spanning 47

3.3 Design Principles-in-Use as Boundary Spanning

From Fig. 1 we can also draw the following insights about the act of using design
principles: Team members apply design principles to the shared context of their specific
project. Each member adds her/his specific expertise and perspective to the application
at hand. Then they consolidate their ideas into a shared project blueprint.

Using design principles can assist in overcoming certain knowledge barriers. The
design context is the sum of all relevant elements referring to the design of an artifact,
its environment, actors, as well as relevant parts of the problem and solution space [30].
Team members can build upon a shared understanding of how to design an artifact and
apply (interpret) this to the individual situation based on their knowledge (see Fig. 3).
While the ‘in-use’ activities of applying known solutions might be classified as routine
design [36], ‘in-formulation’ can result in improvements or completely new solutions.

Design Context

Team

SituatedAr fact Ar fact

Applica on (Knowledge Storage)

Abstrac on (Storage Mechanism)

Ar fact

Ar fact

Ar fact

Ar fact

Design 
Principle 1

Design 
Principle 2

Design 
Principle …

Design 
Principle n

Knowledge Barriers

Fig. 3. Using design principles as boundary spanning.

Concerning the interplay of application and abstraction, we see the application as
the contextualization of design knowledge to develop a situated artifact. On the other
hand, abstraction is the mechanism that feeds knowledge back to the design principles
to append learnings gathered from each situated artifact. Formulating design principles
involves a sort of storage mechanism which accumulates design knowledge through
abstraction and codification of situated design knowledge [31]. Using design principles,
in contrast, is about applying and specifying the knowledge to the design context. In
doing so, team members draw on design principles from a sort of knowledge storage
[12]. The codification process requires condensing design knowledge into a new form
which is stored permanently so that others can use it at different times and place [32].

The knowledge storage of design principles in boundary spanning plays a different
role across the syntactic, semantic, and pragmatic levels of the knowledge boundaries [4].
When spanning syntactic boundaries, the transdisciplinary team can treat the knowledge
storage as a repository [18, 33]. Teams can retrieve the knowledge and use it directly in
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their projects without any changes. When spanning semantic boundaries, the knowledge
storage is treated as a method [18, 33]. When using this, team members need to translate
their domain-specific insights to contribute to a joint understanding. Finally, pragmatic
boundaries are spanned by treating the knowledge storage as amap [18, 33] or a blueprint.
Here, teams need not only translate the blueprint but also transform it (adding, changing
the knowledge) to be applicable in their context.

4 Illustration: The Use Case of Data Spaces

Our illustrative use case for using design principles as boundary objects is concerned
with mediating large consortia dealing with the design of data spaces. Data spaces are
complex artifacts enabling data sharing in a data ecosystem facing multiple challenges
[34]. Implementing data spaces requires a variety of views and concepts to consider, such
as data governance, technological infrastructure, usage control policies, and business
models [2, 35]. Subsequently, technological infrastructures for data sharing are prime
examples of artifacts requiring input from relevant knowledge that goes beyond a single
discipline and user, thus transdisciplinary. For getting case information, we rely on three
main sources: First, we used a practice-oriented publication proposing design principles
for data spaces (Nagel et al. [3]). Second,we draw fromfirst-hand knowledge of that case,
given that some of this paper’s authors worked close to that project (shared authorship).
Lastly, we discussed our findings with project members (i.e., another publication author
of [3] and an expert from applied research working on the further evolution of that case).
We asked them for feedback on our results to ensure that our conceptualizations match
the actual case. We triangulate how these design principles have emerged from these
sources and examine their role for boundary spanning.
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playing field

Decentralised 
soft infrastructure

Public-private 
governance

Data Spaces not 
using the design 

principles 

Design context

Data space
consor um

Data space
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(storage mechanism)

Knowledge barriers

DESIGN PRINCIPLE FORMULATION DESIGN PRINCIPLE USE
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Design context

Design principles spanning knowledge barriers

Data 
producer

Data 
provider …

Data 
consumer

Data 
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Data 
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Fig. 4. Formulating and using design principles in designing data spaces.
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4.1 Case Description

The case reports on four design principles to guide the implementation of data spaces
[3]: Data Sovereignty, Data Level Playing Field, Decentralized Soft Infrastructure, and
Public-Private Governance. The design principles govern an ecosystem (a federation)
of data spaces that have heterogeneous properties. They differ in the data they share,
the domains they address, or the number of participants participating in them. The users
of the design principles are data space consortia that can consist of public institutions,
private companies, and/or applied research institutes in different roles and perspec-
tives. For example, the stakeholders can take on perspectives, such as data consumers,
data providers, or data producers, each with a distinct set of requirements, goals, and
intentions for participation in a data space [2, 3]. The case’s design principles were
derived from a large consortium that organizes various European data spaces consortia
to enable federalization and interoperability. Subsequently, the initiative is highly com-
plex, encompasses many actors, and requires high alignment. Against this background,
the design principles were formulated to facilitate a common denominator between these
data spaces and pose a set of minimal guidelines and a shared understanding. Given that
these cases are practice-relevant and tend to focus on instantiating available knowledge,
they can most likely be characterized as routine design [36].

4.2 Formulating and Using Design Principles for Boundary Spanning

The case is an illustrative, practice-oriented example of how formulating and using
design principles supports boundary spanning (see Fig. 4). The design principles were
formulated in workshops, group discussions, and meetings between stakeholders of dif-
ferent data space consortia and their respective perspectives. Formulating them helped to
bridge knowledge barriers between perspectives in one data space and bridge knowledge
gaps between entire data space consortia. The principles represent a shared language,
a shared set of guidelines for designing data spaces that must be customized for local
use. For instance, some data spaces are tailored to distinct domains (but do not have to
be), such as manufacturing, mobility, healthcare, or agriculture, that usually encompass
localized terminology and data understanding [3]. Consider, for instance, the design
principle ‘Data Level Playing Field’ (see Table 3): The generic design principle pre-
scribes that data spaces must be organized fairly. That means no monopolistic position
should dominate the ecosystem. In specific scenarios, the playing field is different for
participants. There are other ‘rules’ in the field of healthcare (e.g., anonymization and
pseudonymization of data) as opposed to supply chains that are organized across differ-
ent tiers (semantic knowledge barrier). As another example, imagine instantiation of the
design principle ‘Data Sovereignty’, which can vary in the degree of implementation. A
decisive factor can be the exchanged data: personal data has unique requirements that
other data may not have.

In their role as a shared language, the design principles enable the transdisciplinary
codification of knowledge at an agreed level of abstraction; in such a way that all con-
sortia and disciplines they represent can be mapped to. In detail, the consortia consist
of two levels of transdisciplinary boundary spanning. First, each data space has mul-
tiple roles, such as the data provider, data consumer, and data orchestrator, that have
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Table 3. Example of the design principle Data Level Playing Field [3].

Design principle for’Data Level Playing Field’: “Implies that new entrants face no
insurmountable barriers to entry because of monopolistic situations (…)”

Domain instantiation

Manufacturing Agri-food Healthcare Energy

Collaboration
between OEMs
logistics service
providers on supply
chain tiers. Access,
data sovereignty,
control

The level playing field
between users, farmers,
small businesses, and
Agri-food companies
in general

Fair practices and
necessary regulation
for the use of health
data (research and
innovation)

The level playing field
for shared data to
provide better
equipment and
value-added services

individual requirements. Second, the teams mainly consisted of people from different
backgrounds (e.g., IT), projects (e.g., national or domain-specific), and institutions (e.g.,
companies, applied research, or public institutions). Using these design principles helped
the consortium to better align its efforts through a shared consensus. Hence, the design
principles bridge that syntactic barrier through accumulating, aggregating, and abstract-
ing domain-specific knowledge about designing data spaces to actionable statements for
all data spaces that “are accepted by all participants” [3 p. 8].

Finally, the design principles are not set in stone but are iteratively developed over
time in different dimensions (e.g., validity, wording) from user feedback (dynamic use),
enabling designers to contribute new insights and cross pragmatic boundaries.

Table 4 summarizes the boundary spanning and how the design principles can be
used to cross knowledge boundaries (e.g., [37]).

Table 4. Spanning the boundaries with design principles for data spaces.

Boundary Design principles-in-formulation Design principles-in-use

Syntactic The consortium aims for a formulation
that is generic enough to foster
consensus but leaves every design
consortium the means to apply it

The design principles bridge knowledge
barriers between design consortiums
and/or perspectives in a design
consortium. Team members retrieve the
knowledge and use it in their design

Using design principles to transmit knowledge between data spaces

(continued)
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Table 4. (continued)

Boundary Design principles-in-formulation Design principles-in-use

Semantic When formulating the principles, the
consortium addresses the requirements
of hyper-dynamic and heterogeneous
data spaces. The members consider
multiple scenarios and codify the
knowledge

The design principles enable consortia
to agree on a common denominator with
different focuses. Team members
translate the principles into their
domain-specific language first. Then
they translate them back to the
multi-consortium language

Using design principles as a translating agent between data spaces

Pragmatic The consortium can collect knowledge
on data space design principles over
time and iterations

Team members add to the knowledge,
change, and subtract parts of it, making
it applicable in their design

Using design principles to codify new knowledge iteratively

5 Contributions, Limitations, and Outlook

This paper reports on an unexplored view on design principles as boundary objects. In
doing so, we contribute to research on DSR since we broaden the scope of using design
principles and open up new paths to explore the concepts and their utility more in-depth.
We show by two visualizations how design principles support transdisciplinary design
teams and thereby distinguish between twomain activities for ‘design principles-in-use’
and ‘design principles-in-formulation.’ From a theoretical viewpoint, we contribute to
recent research that emphasizes the need to specify abstraction levels of design principles
[24]. Since our case shows that the design principles should be very abstract to enable
participation and collaboration among diverse teams and actors, other stakeholdersmight
demand more specific knowledge that can be implemented more easily. So, exploring
the trade-offs between abstractedness and operationalizability seems to be relevant for
the future. In terms of practical contributions, we illustrate the promising potential of
how design principles can bridge knowledge barriers between heterogeneous teams and
even consortia through. With our work, we aim at creating awareness of the potential
of design principles to overcome knowledge barriers within those project environments.
Practitioners can build upon the presented use case and its results to get impulses for the
organization of their next design projects.

Naturally, our work has limitations. Our paper is conceptual and mirrors our deduc-
tive findings and reasoning against one case used as an illustrative example. The case we
report on is highly complex and organizes an artifact that can be described as extreme. It
is not a software tool implemented in one company. The artifact itself – the data space – is
a complex entity including many actors, perspectives, and components (e.g., business
model, technical infrastructure, or ecosystems). Subsequently, our case shows very well
how design principles work in this scenario as a boundary object, yet, more research on
this case and more cases are required to triangulate our findings.
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Our work opens up multiple avenues for further research. For one, we did not
analyze the case in terms of how the design principles are used (e.g., through using the
components of Gregor et al. [22]) but only focused on their role as boundary objects
and boundary spanning. Second, given that the design principles for data spaces are still
evolving, their analysis in a longitudinal study would be a unique opportunity to enrich
design principle research on multiple levels, such as their evolving role as boundary
objects, how they are used in practice over time, or what elements of design princi-
ples crystallize over time and what elements change, i.e., the dynamics. In our paper,
we used the Data Space case as an illustrative example. Further analysis with deeper
characteristics of boundary objects [37] is a possibility to gain additional insights.
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Abstract. We introduce the InformationSystemsOntology (ISO), a newontology
for the Information Systems (IS) discipline designed to enable automated knowl-
edge synthesis andmeta-analysis of research findings in IS.We constructed ISO in
a methodical manner, following known best practices for ontology construction.
We also conducted a series of ontology refinement steps in which we compared
and extended ISO by extracting and examining both overlapping and missing key
phrases from scientific articles and existing classification schemas. To evaluate
ISO, we extracted author-defined keywords from more than 7,000 articles of the
senior scholars’ basket of journals and measured terminological coverage. In one
experiment, we found that our ontology included 3.6 times more author-defined
keywords than an established classification schema for IS. In the future, we plan
to use ISO to automatically annotate important IS terms and concepts in IS articles
to help synthesize and analyze knowledge in IS.

Keywords: Ontology · Taxonomy · Information systems research · Information
systems · Knowledge synthesis ·Meta-analysis

1 Introduction

A large world-wide community of scholars devotes time, energy and resources to build-
ing new knowledge of Information Systems (IS). But because the community stores
and disseminates this information in unstructured free-text documents, it is difficult to
systematically and comprehensively examine the body of new and existing knowledge
in the IS field. For instance, faced with a corpus of leading journals in IS, researchers and
practitioners would have to painstakingly analyze each document in the corpus to answer
questions about which newmachine learning methods have recently been adapted for IS
research or which research methods the IS field has historically used to study IT service
management.

Storing knowledge in unstructured documents also presents additional problems.
Researchers only loosely familiar with a given topic area (e.g., deep learning), may not
know the complex array of named entities and sub-entities in a document collection
(e.g., long short-term memory). Moreover, when researchers, reviewers and editors are
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no longer able to keep track of past contributions, it becomes harder to integrate new
findings into a growing body of knowledge.

One possible approach to tracking and synthesizing the growing unstructured IS lit-
erature is automatically analyzing keywords in scientific articles, using a taxonomy or
ontology to group keywords in a hierarchical and semanticallymeaningfulmanner. How-
ever, the most recent keyword classification schema in IS [4] was updated in 1993 and
consequently doesn’t contain current topics and technologies, such as design thinking,
model-driven development, cryptocurrency, orMapReduce.

Therefore, in this work we propose the Information Systems Ontology (ISO) which
aims to cover the broad ISfield by organizing its topics, technologies,methodologies, and
theories. We designed ISO based on known best practices from Arp et al. [2], motivated
by the possibility of supporting new views and tools for understanding, systematizing,
and exploring IS.While developing ISO, we performed an extensive series of refinement
steps where we added terminology from automatically extracted scientific key phrases
and existing classification schemas. Through this process, we created a comprehensive
IS ontology with more than 2,700 entities and 380,000 synonyms. An entity represents a
concept such as design science that could havemultiple synonyms such as design science
research or design science method. To evaluate ISO, we identified the most frequently
used author-defined keywords in IS articles in eight top journals in IS [1] and found
that our ontology includes 3.6 more author-defined keywords than a well-established
classification schema for IS [4]. In the future, we plan to use ISO to build multiple
systems for reviewing literature, researching topics and integrating knowledge from the
IS field.

2 Taxonomies and Ontologies in IS and CS

The academic community has proposed a number of taxonomies and ontologies, as
shown in Table 1. In IS, the classification schema of Barki et al. [4, 5] may be the most
well-known taxonomy. Although it established an ontological foundation for IS, it was
released almost 30 years ago. More recently, Gregg et al., Nickerson et al. and Springer
et al. [13, 23, 29] developed taxonomies for e-commerce,mobile applications, and digital
platforms. But they focused on sub-areas of IS, not on the discipline as a whole. Fteimi
and Lehner [11] proposed a classification schema to support an integrated overview of
Knowledge Management publications.

In Computer Science (CS), the ACM Computing Classification System [33] was
created manually and may be the most widely used classification schema. It contains
about 2,000 categories and its most recent version was released in 2012. The latest
version (3.3) of the Computer Science Ontology (CSO) [27] was released in 2020 and
is an example of an ontology that is created automatically via an algorithm.

There are differences between IS-specific and CS-specific classification schemas.
CS-specific schemas, for instance, tend to contain more technical terms than IS-specific
schemas, such as packet processing, routing problems, signal encoding or combinatorial
algorithm. However, there aremany overlaps aswell, for instance regarding technologies
such as deep learning, conceptual methods such as dynamic programming or analysis
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methods such as natural language processing. Because of the many overlaps, we com-
pared our ontology to the most recent classification schemas in both IS and CS, namely
Barki et al., the CSO and the ACM Classification System, in Sect. 5 of this paper.

Table 1. Related classification schemas and ontologies

Name Author Year Domain Approach Evaluation method

Keyword
classification
schema for IS

Barki et al. [4, 5] 1993 IS Manual User feedback

Taxonomy
generation for
text segments

Cuang and Chien
[8]

2005 IS Automatic User feedback

Taxonomy for
personal
health systems

Beranek et al. [6] 2006 IS (Health System) Manual –

Taxonomy for
complaints
about EBay
sellers

Gregg et al. [13] 2008 IS (E-commerce) Manual –

Taxonomy of
mobile
applications

Nickerson et al.
[23]

2009 IS (Mobile
applications)

Manual Expert assessment

AcademIS Triperina et al. [30] 2013 General Manual Case study

Scholarly
ontology

Pertsas and
Constantopo-ulos
[25]

2017 General Manual User feedback &
expert assessment

CSO Salatino et al. [27] 2018 CS Automatic Automatic

SemSur Fathalla et al. [10] 2018 General Manual Questionnaire &
expert assessment

Taxonomy to
gamify
information
systems

Schöbel et al. [28] 2018 IS (Gamification) Manual Case study

Knowledge
management
classification
scheme

Fteimi and Lehner
[11]

2018 Knowledge
management

Manual Expert assessment

Taxonomy in
business
analytics

Ko and Gillani [17] 2020 IS (BA) Hybrid Expert assessment

Taxonomy of
digital
platform
pricing

Springer and Petrik
[29]

2021 IS (Digital platform
pricing)

Manual Expert assessment
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3 Ontology Development

We developed ISO using known best practices [2]. The development proceeded in a
series of steps. We began by developing a top-level hierarchy and defining inclusion and
exclusion criteria for entities and their synonyms in the ontology.

We use the word entity to refer to a term in our ontology, e.g., artificial intelligence.
Each entity can have additional synonyms, e.g., AI. Entities can be added below other
entities to create a hierarchy, resulting in different hierarchy levels. We use the term
candidate entity or candidate to refer to terms that might be added to the ontology
during refinement.

After that, we reviewed terminology from standard textbooks and IS articles in
order to identify entity candidates. We also developed a program that used wild card
patterns to identify additional entities in IS articles. Further refinement steps included
the automated extraction of scientific key terminology from IS articles and a comparison
with an existing classification schema in IS.

3.1 Development and Population of a Top-Level Structure

We followed a series of steps for designing a domain ontology, defined by Arp et al.
[2]. In order to identify entities for the two top levels of the ontology, two authors with
a combined experience of more than 20 years in IS analyzed IS-specific as well as
general social science taxonomies, thesauri and ontologies [12, 18, 31] and standard
textbooks [7, 14, 20–22, 24, 26, 32]. From these resources, the researchers created a
list of entity candidates and considered each individual candidate for possible inclusion
in the top-level structure. The researchers selected candidates which were abstract and
closely related to IS, so that the ontology could answer how research is conducted in the
IS discipline. For instance, we consider data analysis method to be an abstract entity
and multimodal sentiment analysis to be a specific entity. For reasons of feasibility, we
decided to limit the scope to IS-related terminology and excluded terms that represent
business terminology without a close relation to IS, e.g. marketing, management. The
resulting top-level structure consists of three entities on the first and fourteen entities on
the second hierarchy level as illustrated in Fig. 1.

Fig. 1. Ontology top-level structure
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3.2 Development and Population of Lower Hierarchy Levels

For the addition of entities into lower hierarchy levels of the ontology, we defined several
inclusion and exclusion criteria as illustrated in Table 2.

Table 2. Inclusion and exclusion criteria

Criteria Description

Inclusion - the term must be abstract
- the term must be used in many different papers
- if the term is an acronym, it is only added if it is introduced with parentheses,
i.e., Information Systems (IS). Otherwise, it is ambiguous

Exclusion - terms that are construct names
- terms that are measurement items (questions) from surveys
- terms that represent business administration concepts, e.g. sales, marketing
- terms found in diagrams and tables
- terms that are ambiguous or unspecific, e.g. least squares, management system,
value chain, business strategy, critical success, total number

To define and populate the ontological hierarchy, the same two researchers as in
Sect. 3.1 performed several ideation sessions in order to collect and discuss terminology
from standard textbooks. After that, they grouped and included entity candidates in an
iterative process to further develop the hierarchy. Table 3 details which sources were
used to determine entities for lower hierarchy levels.

3.3 Refinement with IS Articles

To refine the ontology, the researchers created a corpus of articles in IS. This corpus con-
sisted of 7,304 scientific articles from the senior scholars’ basket of journals, published
between 1989 and September 2021. This basket of journals represents the top eight jour-
nals in IS [1]. The researchers manually analyzed a sample of this corpus consisting of
roughly 150 articles for missing entities and potential synonyms. During enhancement,
one researcher informally picked the relevant sections from a paper and added possible
entity candidates to a list. In a second step, this list was compared with existing entities
in the ontology and missing entities were added.

3.4 Refinement with Wild Card Patterns

In order to identify additional entity candidates, the researchers developed an auto-
mated procedure using wild card-patterns for analyzing text. These patterns used part-
of-speech (POS) tags to identify commonmulti-word sequences or phrases in IS articles;
researchers have long used POS tags to identify scientific terminology [15]. For example,
to identify additional entity candidates related to the entity theory, we searched IS arti-
cles using the pattern “theory of $ADJ? $NOUN|PROPN +” to detect word sequences
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Table 3. Top-level entities with examples and sources

Level 1 entity Level 2 entity Examples Source

Theoretical entity Theory Information systems
theory, social sciences
theory, management
theory, economic theory

[19, 22]

Research paradigm Realism, pragmatism,
positivism

[7, 32]

Level of analysis Macro level, meso level,
micro level

[32]

Model element Construct, variable [7, 26]

Methodological entity Research method Conceptual methods, e.g.,
design science,
simulation; Data
collection methods, e.g.,
case study, experimental
design

[14, 18, 24, 26]

Data analysis method Triangulation, synthesis,
machine learning or
descriptive statistics

[12, 21]

Sampling method Purposive sampling,
critical case sampling,
cross validation and
bootstrap sampling

[32]

Statistical metric Goodness of fit, standard
deviation, mean squared
error

[12, 21, 32]

Validity Diagnostic validity,
construct validity, design
validity

[32]

Domain specific entity Information systems
topic

Knowledge management,
business process
management,
gamification, information
systems strategy

[20]

Information systems
technology

Internet technology, social
media or mobile systems,
semantic web, ubiquitous
computing

[20]

(continued)
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Table 3. (continued)

Level 1 entity Level 2 entity Examples Source

Geographic names Europe, Western Europe,
United Kingdom,
England, London

[31]

Economic sector Manufacturing industry,
chemical industry,
pharmaceutical industry

[31]

Study object Company types or
participants, e.g., startup,
small and mid-size
enterprise, individual
participant, group
participant, organizational
participant

[31, 32]

starting with theory of followed by zero or one adjectives and one or more nouns or
proper nouns (e.g., Theory of organizational creativity). We developed multiple patterns
to identify additional entity candidates. The researchers analyzed pattern matches in
the corpus of IS papers (defined in Sect. 3.3) according to the inclusion and exclusion
criteria.

3.5 Refinement with Extracted Scientific Key Terminology

We compared and refined our ontology with automatically extracted scientific key termi-
nology from IS papers to test and improve the terminological coverage of our ontology.
Therefore, we identified the most frequent scientific terms from articles in our corpus
consisting of 7,304 scientific articles from the senior scholars’ basket of journals, pub-
lished between 1989 and 2021 and compared those terms against the entities in our
ontology. If an extracted term was missing in the ontology, two researchers discussed
the term as a potential entity candidate and decided whether to include it or not, based
on the criteria in Table 2.

To extract terms,we used the combo basic term extraction algorithm [3] fromPyATE,
a term extraction library in Python [16]. This algorithm identified key terms from natural
language text related to their frequency. Applying the algorithm to all full text articles in
our corpus resulted in a list of 32,517 terms. We ranked the terms based on the number
of articles where a term was among the top 10 extracted terms. The term information
systems was for instance among the top 10 terms in 2,487 papers, followed by the term
information technology in 1,371 papers.

We only reviewed terms that were among the top 10 terms in at least 10 articles.
This resulted in a new list of 600 entity candidates where 384 of them were not included
in our ontology. Two authors performed a review and discussed all of these 384 entity
candidates: 123 entities were added to the ontology, 213 were excluded and 48 were
regarded as subjects for possible future inclusion.
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Terms starting with information or data are common in IS. Out of the 32,517 terms,
we therefore reviewed another 1,199 entity candidates starting with such terms. 1,026
candidates didn’tmeet the inclusion criteria, 52weremarked for possible future inclusion
and 121 entities were added to the ontology.

3.6 Refinement with IS Classification Schema

In 1988, MIS Quarterly published an IS classification schema by Barki et al. [5] that
was updated by Barki et al. in 1993 [4]. The updated version contained around 1,300
keywords.We refined our ontology by comparing it to this updated classification schema.

We extracted the terminology from the classification schema of Barki et al. into a
digital format and automatically searched for matching entities in our ontology. Out
of the 1,300 terms, 228 were already included which also means that the classification
schema of Barki et al. didn’t contain 2,524 entities (382,873 including synonyms) that
were contained in our ontology. For instance, Barki et al. didn’t include terms such as
knowledge management, open source, human centered design or usability.

For terms in the classification schema of Barki et al. that were not in our ontology, one
senior and one junior researcher independently performed a review on whether those
should be added. The inter-annotator agreement [9] for these 1,072 terms resulted in
a Cohen’s Kappa value of 0.56 which is regarded as moderate agreement. The kappa
value may reflect the difference in research experience or ambiguity in some terms. The
two researchers discussed all terms where the evaluation indicated disagreement (n =
231) and decided whether those should be added to the ontology. As a final result, the
researchers added 336 entities and additional synonyms.

We analyzed a random sample of terms that were contained in the classification
schema of Barki et al., but not in our ontology and found that most of these terms didn’t
meet our inclusion criteria. Table 4 provides an overview with examples.

Table 4. Terminology from Barki et al. that is not in ISO

Exclusion category In Barki et al., not in ISO (n = 736)

Unspecificity Data structure, graphic design, information, measurement

Ambiguity Accessibility, homes, output, piracy

Different focus Accounting, human resources, management level

As demonstrated by Table 7, the differences between ISO and the classification
schema of Barki et al. seem to stem from the lack of specificity, the ambiguity or simply
terms from Barki et al. that were not sufficiently focused on IS to meet the inclusion
criteria for ISO.

4 The Information Systems Ontology

In total, ISO contains a total of 2,752 entities and 383,101 synonyms. The tree is orga-
nized with three top-level entities, named methodological entity, theoretical entity and
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domain-specific entity. These three entities provide a logical grouping of fourteen core
entities on the second hierarchy level that we believe are central to describe scholarly
papers in IS. Table 5 provides an overview of these entities including three metrics to get
an impression of the ontology contents: count of levels stands for the maximum number
of hierarchical levels below a top-level entity, count of entities stands for the total count
of entities below a top-level entity and count of synonyms stands for the count of included
synonyms (each entity can have many different synonyms).

We enhanced the list of entities in our ontology with various synonym-, prefix- or
suffix-lists (where prefix and suffix mean the first or the last word in a multi-term word)
that are directly encoded within the ontology. For instance, for the entities design science
methods and case study methods, we apply the same synonym-list to automatically
generate additional terms by exchanging the last word. This results in terms such as
design science technique or design science methodology and case study technique or
case study methodology.

Table 5. Ontology overview

Ontology top-level entities Count of levels Count of entities Count of synonyms

Theoretical entity 10 321 2,758

Level of analysis 7 14 44

Model 6 35 1,278

Research paradigm 6 14 326

Theory 9 258 1,110

Methodological entity 11 841 85,715

Research method 9 290 63,020

Data analysis method 10 411 3,779

Validity 6 27 16,874

Sampling 8 28 172

Statistical metric 7 85 1,870

Domain specific entity 11 1,590 294,628

Information systems topic 10 392 19,031

Information systems technology 9 488 36,124

Study object 8 24 235,750

Economic sector 10 338 2,849

Geographical names 10 348 874

2,752 383,101
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5 Evaluation and Discussion

In IS journals, authors often provide keywords that help define the contents of an article.
The assumption is that author-defined keywords are relevant to IS. To evaluate our ontol-
ogy, we extracted all author-defined keywords from the articles in our corpus (defined
in Sect. 3.3), resulting in a list of 13,987 unique terms. In order to evaluate how well
our ontology is suited to detect relevant IS terminology, we counted how many of the
extracted author-defined keywords are contained as entities in ISO. For this search, we
specified that an author-defined keyword was included in our ontology, if the exact string
matched an entity or one of its synonyms. We performed the same search for keyword-
matches in the classification schema of Barki et al. [4], the CSO [27] and the ACM
classification schema [33].

We performed two tests: first, we countedmatches among all extracted keywords and
second, we examined the 1,000 most frequently used keywords. Frequency is defined as
the number of papers which contain a keyword at least once. Table 6 shows the results.

Table 6. Comparison with author-defined keywords

Matches (all 13,987 keywords) Matches (top 1,000 keywords)

Ontology # % # %

ISO 1,830 13.1% 456 45.6%

Barki et al. 384 2.7% 129 12.9%

CSO 726 5.2% 170 17.0%

ACM 239 1.7% 75 7.5%

ISO includes 4.8 times more author-defined keywords than Barki et al. (i.e.
1,830/384), 2.5 times more than CSO (i.e. 1,830/726) and 7.7 times more than ACM
(i.e. 1,830/239) for all keywords. ISO also includes 3.6 times more author-defined key-
words among the top 1,000 most frequent keywords in IS articles than Barki et al. (i.e.
456/129), 2.7 times more than CSO (i.e. 456/170) and 6.1 times more than ACM (i.e.
456/75). These results suggest that ISO may be more appropriate for automatic tagging
of IS articles than either alternative ontology or classification schema.

To gain further insight, we sampled keywords that were not captured by our ontology
and found thatmost of these keywords didn’tmeet our inclusion criteria. Table 7 provides
an overview with examples.

We developed ISO as an extensive ontology for the IS discipline aiming to auto-
matically identify entities in scientific articles. ISO includes more relevant terminology
than current classification schemas for the task of keyword detection in IS articles and
covered 45.6% of the top 1,000 most used keywords.

During development, we focused on integrating as much appropriate terminology as
possible and evaluated ISO based on its coverage of domain specific terminology. As
our aim is to develop ISO as a keyword-detection tool, we focused on coverage as the
main indicator for performance in this article.
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Table 7. Examples of unspecific and ambiguous keywords

Exclusion criteria In author-defined keywords, not in ISO

Unspecificity Adoption, performance, culture, motivation, satisfaction, escalation,
addiction

Ambiguity Ethics, information, decision making, autonomy, success, web

In the future, more refinement will be necessary to increase the terminological cover-
age. We further plan to integrate the socio-technical perspective by adding more general
business terminology. Ideally, a semi-automated approach can be developed for this task,
similar to the approach of CSO where the ontology is automatically generated through
the use of an algorithm. In addition to evaluating the coverage, an evaluation of the
hierarchical structure of ISO through expert interviews could be a future refinement
step.

6 Conclusion

This work introduces the Information Systems Ontology (ISO), a new hierarchical
schema for IS research. ISO is motivated by a need to systematize and organize an
ever-growing body of IS knowledge stored in unstructured documents. As described
throughout this work, we developed ISO because we found that existing scientific clas-
sification schemas were either poorly suited to IS or did not cover the many important
technological and methodological developments introduced to the IS field in recent
decades. To create ISO, we followed known best practices for ontology development
and performed a series of extensive ontology refinement steps to improve our schema’s
coverage of concepts in IS. In our final evaluation, we found that ISO included 3.6 times
more author-defined keywords than the established ontology for IS. In the future, we
plan to use ISO to identify similarities and relationships among IS articles and to support
knowledge synthesis and meta-analysis in the IS field.
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Abstract. Incorporating product trends into innovation processes is imperative
for companies to meet customers’ expectations and to stay competitive in fiercely
opposingmarkets. Currently, aspect-based sentiment analysis has proven an effec-
tive approach for investigating and tracking towards products and corresponding
features from social media. However, existing trend analysis tools on the market
that offer aspect-based sentiment analysis capabilities, do not meet the require-
ments regarding the use case Product Development. Therefore, based on these
requirements,we implemented an artifact by following thedesign science research.
We applied our tool to real-world social media data (37,638 Yelp reviews) from
one major fast-food restaurant in the US, and thereby demonstrated that our tool
is capable of identifying remarkable and fine-grained product trends.

Keywords: Trend analysis tool · Aspect-based sentiment · Product development

1 Motivation

Social media such as Yelp or Twitter have evolved rapidly over the last years. These
platforms have become increasingly important for interaction in both private and busi-
ness contexts [1, 2]. As social media is a channel for the exchange of user-generated
content and unfiltered voices about products, services and the company in general, social
media data contain the so-called “Voice of the Customer” (VoC). Thus, the VoC pro-
vides deep insights into customers’ current expectations. To meet customers’ expecta-
tions, marketing representatives need to identify and continuously track trending topics
regarding product and service features and incorporate the VoC into product innova-
tion processes. For example, identified product features and correspondingly mentioned
opinions may indicate shortcomings (e.g., low battery capacity of a smartphone) and
which improvements to be made to meet customers’ requirements (e.g., [3]). One pos-
sibility to identify these shortcomings in an automated way from social media texts is
to conduct aspect-based sentiment analysis [4].

The potential of aspect-based sentiment analysis for tracking fine-grained trends
over time has already been recognized in practice and in theory (e.g., [3, 5–9]). This has
led to the emergence of trend analysis tools that include aspect-based sentiment analysis
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functionalities. However, trend analysis tools available on the market have remarkable
drawbacks as theydonot cover the comprehensive requirements that are deemedessential
within the extant literature for the use case Product Development (e.g., [3, 5–9]).

With this work at hand, we make practical as well as theoretical contributions. We
address drawbacks of existing software tools by suggesting a comprehensive artifact
for automated trend analysis that allows marketing representatives to conduct aspect-
based sentiment analysis. To meet several use case-specific requirements, we focus
especially on the combination of different data analysis methods regarding the particular
requirements, leading to a constructive trend analysis. By this, we aim to propose an
automated solution for identifying ideas as the basis of (incremental) product innovation.
Summing up, the research at hand is guided by the following research question:

What could an aspect-based sentiment analysis tool that supports trend analysis for
Product Development purposes look like, and which requirements should such a tool
meet?

The remainder of this paper is structured as follows: In the next section, we provide
conceptual basics and related work. Following on this, we turn to the Design Require-
ments (DRs) and Design Principles (DPs) for implementing our tool, and to the short-
comings of trend analysis tools on the market. Next, we show the research methodology.
After a description of the tool’s design and development as well as its demonstration,
the paper concludes with a discussion and its contributions to theory and practice.

2 Foundations and Related Work

2.1 Conceptual Background

Social media serves as an important interface between companies and customers. In
content communities, users can evaluate products by disseminating their opinions in
form of online customer reviews (OCR). In doing so, customers not only rate products
as a whole but express their opinions and attitudes towards different features of the rated
items (e.g., service quality in a Yelp restaurant review). In this way, OCR not only help
customers to make informed decisions but are also beneficial for driving innovations of
products within companies. As OCR include customers’ experiences and expectations
of product features [10], unfiltered and in real-time [11], they can serve as a valuable
resource for product innovations. Thus, OCR can be harnessed to identify ideas, to
either develop new value propositions (i.e., disruptive innovation) or to improve the
performance of existing products (i.e., incremental innovation) [12, 13].

To identify ideas for product improvements as well as product development and
therefore to drive incremental product innovations, marketing representatives can con-
duct aspect-based sentiment analysis. The first step of an aspect-based sentiment analysis
deals with extracting aspects fromOCR. For this purpose, unsupervised as well as super-
vised techniques can be applied. Topic modeling techniques (e.g., LDA [14]) suggest a
possibility to identify aspects without prior knowledge (i.e., unsupervised) [14]. Com-
pared to that, supervised techniques (e.g., artificial neural networks) need first to be
trained on training data (e.g., ontologies) to extract the proper aspects (cf. [4]). Subse-
quently, the expressed tonalities can be identified for each of the aspects [4] by means
of automated sentiment analysis techniques [4, 15]. Therefore, aspect-based sentiment
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analysis offers benefits in terms of Product Development. For marketing representatives
that lack the ability to implement aspect-based sentiment analysis themselves, trend
analysis tools on the market offer this functionality in a ready-to-use way. However,
these tools show remarkable drawbacks as they do not cover the comprehensive require-
ments that are deemed essential within the extant literature for the use case of Product
Development.

2.2 Design Requirements and Available Tools on the Market

In a first step, we have comprehensively searched and consolidated literature (cf. [16])
to identify DRs of a trend analysis tool that applies aspect-based sentiment analysis for
Product Development purposes. Based on the attention and importance received, we
could derive several DRs (DR1)-(DR10) (see Fig. 2) from the extant literature.

Concerning the identification of product features, the tool (DR1) should be capable
of extracting the aspects autonomously from social media posts (e.g., [6–8, 17]). How-
ever, if marketing representatives have already knowledge documented about a domain
problem (e.g., domain ontologies or product trees), the tool (DR2) should provide the
option to include this prior knowledge into the automated identification of aspects (cf.
[6, 7, 17, 18]). Beyond that, customers’ self-reported opinions of product features play
an important role for Product Development. Marketing representatives aim to retain the
features that evoke positive perceptions, while features evoking negative perceptions
need to be improved. Thus, (DR3) determining the polarity as well as the intensity of
the opinions expressed about respective aspects is mandatory [3, 6, 8, 19, 20]. Subse-
quently, the product features can be adapted so that customers’ requirements are met
(e.g., increasing smartphone screen size). However, adapting features may influence
perceptions of the features customers currently appreciate (e.g., high battery capacity of
the smartphone). Therefore, to support informed improvement decisions, the tool (DR4)
needs to identify the dependencies between product features [7, 9, 17]. Furthermore,
to be successful and competitive in a targeted market, marketing representatives must
decide which product features to propose in which way to meet customers’ expecta-
tions within geographical markets. Product trends do also converge over time as they are
dynamic developments and not solely static points in time. It is therefore essential that
the tool (DR5) can flexibly match aspect-sentiment relations to different geographical
(e.g., continents, countries, federal states) and temporal (e.g., days of a week, phases
of a day) parameters [3, 5, 17–20]. The huge volume of available social media posts
requires the incorporated techniques (DR6) to deal with vast amounts of textual data [8,
9, 18–20]. As past developments of trends are essential for assessing the current state
of trending topics, the tool (DR7) needs to allow the user to consider historical data [3,
17–19]. To support Product Development in prioritizing product improvement decisions,
the tool (DR8) needs to output aggregated sentiment values for the identified aspects [3,
6, 8, 19, 20] and (DR9) illustrate the frequency of the identified aspects [3, 8, 20, 21].
To immediately identify the most important aspect-sentiment relations, the tool (DR10)
should provide means to rank the results in either descending or ascending order [3, 21].

In the second step, we searched the market for available trend analysis tools. We
took an up-close look at the most popular tools (e.g., Brandwatch, Meltwater, Symanto)
that offer trend analysis by means of aspect-based sentiments. We thoroughly analyzed
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the functionalities by installing and applying demo versions of these tools. The analysis
process offered within the demo versions and the provided diagrams and charts that are
offered to illustrate the results enabled us to apply the DRs to the existing tools, and
to assess them both conceptually and visually. Based on our observations, we could
conclude that there is no software tool that meets all the specific requirements for the
use case Product Development, as we could derive them from extant literature. While
we could agree that existing tools are able to meet most of the requirements, there are
nevertheless remarkable drawbacks regarding DR1, DR2 and DR5. To confirm these
observations, we subsequently turned to sales representatives from these companies. As
it turned out, there are trend analysis tools that indeed provide pre-defined possibilities to
contextualize the identified aspect-sentiment relations (e.g., time within a day or conti-
nents). However, the ability to flexibly match further temporal (e.g., phases of a day) and
geographical parameters (e.g., countries or federal states) to aspect-sentiment relations
is missing. Nonetheless, perceptions of product features may differ across countries or
federal states and trends are temporal developments (e.g., days of a week, phases of
a day). As reaching out to the sales representatives also could confirm, existing trend
analysis tools that apply aspect-based sentiment analysis extract aspects, either with or
without incorporating prior knowledge. Literature unveils the need for a comprehensive
trend analysis tool that meets all the requirements for the use case Product Development.
With this research, we aim to close this gap.

3 Research Procedure

In order to systematically develop an artifact for the automated trend analysis in market-
ing, we followed the Design Science (DS) approach [22, 23] and aligned our research
activities with the DS procedure as proposed by [23] (see Fig. 1).

Fig. 1. Design science research (DSR) procedure

As a first step, (1) corresponding problems and drawbacks of previously existing
approaches regarding the automated trend analysis using aspect-based sentiment analysis
were identified (see Sects. 1 and 2.2). Hence, the revised tools supporting trend analysis
by aspect-based sentiment detection do not meet the requirements that are indispensable
to the successful application. Consequently, our (2) objective is to address drawbacks
of existing software tools by suggesting a comprehensive artifact for automated trend
analysis that allows marketing representatives to conduct aspect-based sentiment anal-
ysis (see Sects. 2.2 and 4). The third step of our DS process model contains the (3)
design and development (see Sect. 4) of an artifact. To fill the gaps identified within
phase (1), we focus on the design of the technical realization of the tool by combining
different machine learning techniques, following our derived DPs. Thus, our approach
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was established to support the trend analysis and to eliminate the existing disadvantages.
By (4) demonstrating our artifact (see Sect. 5.1), we highlight the application of our tool
on 37,638 Yelp reviews [24]. Thus, we showed the implementation of the requirements
identified in literature. In Step 5 the usefulness, applicability and usability of the tool are
to be analyzed in a larger field study. Finally, the tool will be further enhanced before it
is provided to marketing departments of large companies (6).

4 Design and Development

First, the composition of Meta Requirements (MRs) that describe “what the system is
for” ([26], p. 325) is based on the purpose and scope of the tool that was discussed in the
motivation. Thus, we define the solution objectives based on the investigations´ problems
and present them in Fig. 2. Besides theMRs, the Design Principles (DPs) are synthesized
in a next step. DPs are defined as prescriptive statements that show how to do something
to achieve a goal [27]. These DPs are deduced from the design requirements (DRs) that
are further influenced by prior theories and current research literature [25]. Gregor and
Jones (2007) state that this foundation in form of theories disclose “an explanation of
why an artifact is constructed as it is and why it works” (p. 328). Thus, these DR offer
guidance by designing the artifact and advise the DPs [26]. So, we derived the DRs
from prior research literature to develop supportive DPs a priori to any instantiation of
our artifact. These principles refer to at least one requirement and serve as an abstract
“blueprint” of our artifact [26, 27]. By establishing these design principles, wemade sure
that they follow the value grounding (reference to the requirement) and the explanatory
grounding (design principles are based on the current literature) [27, 28]. The DPs we
derived fall into the category of “action and materiality-oriented design principles”,
describing what an artifact should enable users to do and how the artifact should be
built to do so [28]. The development of the DPs follows the guidelines of [28] and [27].
Furthermore, we take one step further and append another layer by including the design
features respectively the implementation of the DPs [28].

Since no particular machine learning technique is capable of accurately represent-
ing all DRs, a combination of them was essential. Regarding DP1, the autonomous
extraction of aspects, unsupervised techniques (e.g., topic modeling) are required to
enable an explorative analysis without prior domain knowledge. However, as stated by
[29] the potential of totally unsupervised techniques is stymied by their purely unsu-
pervised nature. Thus, semi-supervised techniques have arisen, facilitating an effec-
tive way to guide the analysis specific to a user by manipulating the analysis process
even without structured prior domain knowledge [30]. Therefore, to take advantages
of semi-supervised techniques while maintaining the flexibility of unsupervised ones,
the known semi-supervised topic modeling technique GuidedLDA found application
as it achieves convincing analysis results [30]. Besides the explorative analysis, the
artifact must provide the ability to incorporate prior domain knowledge (DP2). Thus,
the artifact provides a supervised aspect extraction using deep learning. Specifically, it
applies a convolutional neural network (CNN) as proposed by [31], using two types of
pre-trained embeddings for the aspect extraction: a general-purpose embedding and a
domain specific embedding, containing domain related information used by the CNN



Supporting Product Development 73

Fig. 2. Design of the artifact

to learn the domain specific peculiarities. Hence, the analysis can easily be adapted and
tailored by changing the underlying domain embedding, resulting in a highly generic
and customizable artifact. With respect to DP3, the artifact must depict co-occurrences
of the related aspects to detect their interrelationship. As probabilistic topic modeling
techniques such as GuidedLDA infer the resulting topics based on various probabilistic
distributions, depicting the relations of the underlying topic words (and thus the result-
ing aspects) [32], the identification of their interrelationships is met through the nature
of topic modeling itself. Considering the CNN, the artifact depicts the co-occurrences
of the aspects by conducting a frequency analysis. Here, sub-aspects are identified for
each extracted (main-)aspect by analyzing their respective occurrence in the context of
the related main-aspect, resulting in an n-dimensional occurrence-tree. To determine the
tonality of each aspect (DP4), the “Valence Aware Dictionary for sEntiment Reason-
ing” (VADER) [33] technique (a lexicon and rule-based sentiment analysis technique
specifically attuned to sentiments expressed in social media) has been implemented.
To further consolidate and visualize (DP5) the underlying aspects’ sentiment as well
as its evolution over time, corresponding line-charts are implemented using the python
library matplotlib [34]. Finally, to ensure an adequate illustration of the analysis results
(DP6), the extracted aspects, the corresponding sentiment values and their means, but
also specific references to the extracted aspects are displayed using filterable tables and
lists as demonstrated in the following section.
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5 Demonstration and Discussion of the Artifact

5.1 Demonstration of the Artifact

To examine the tool’s ability to identify meaningful and sound trends (including related
aspects and their sentiment), we applied it to a real-world dataset. Therefore, we con-
sulted the academic Yelp dataset [24], represented by a subset of real-world reviews
and businesses in the US. The dataset comprises ~8.6 million OCR concerning 160,585
businesses and spans the period from October 13th, 2004 to January 28th, 2021. To
demonstrate our tool, we narrowed the analysis to the reviews of a fast-food restaurant
withmultiple franchises in various locations to extract the relevant aspects and associated
customer perceptions, resulting in 37,638 reviews.

Fig. 3. Configuration and result view of the artifact

Figure 3 represents the tool’s configuration view (left) and results view (right). By the
configuration view, the underlying analysis can be customized to the one’s own needs.
For the purposes of our demonstration, the analysis was conducted using data spanning
the years 2015 to 2021, prior domain knowledge to extract the aspects and all sentiment
levels (positive, neutral, negative). The domain knowledge used was extracted from the
renowned dataset of the 2016 SemEval task [35]. By using this word embedding tailored
to the use case of restaurant reviews, the CNN is trained in the domain of the food and
restaurant industry. The level of co-occurrences has been set to two, resulting in a two-
dimensional occurrence-tree. The result view represents the sentiments of the extracted
aspects with respect to the years, resulting in the monitoring of their evolution based on
their customer perceptions.

Table 1 presents a detailed excerpt of the resulting Excel file, containing the elicited
sentiment values per aspect and year. Here, both locations refer to the same aspects
(main-aspect: burger; sub-aspects: meat, sauce), facilitating a comparison of temporal
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Table 1. Analysis results - sentiments per year and location

Aspect Location Sentiment per Year

2015 2016 2017 2018 2019 2020 2021

Burger MA 0.373 0.214 0.435 0.381 0.131 0.353 0.459

TX 0.413 0.40 0.378 0.419 0.312 0.216 0.222

Meat MA 0.515 0.447 0.421 0.521 −0.109 0.291 0.422

TX 0.495 0.682 0.55 0.514 0.433 0.348 0.283

Sauce MA 0.241 0.382 0.509 0.524 0.503 0.427 0.414

TX 0.582 0.588 0.39 0.416 0.212 −0.186 0.12

and location-based discrepancies, thus enabling conclusions about different customer
perceptions. In Massachusetts (MA), the main-aspect burger exhibits slight oscillation
across the years but generally remains stable (see Fig. 3, Table 1). The worst average
customer perception occurs in 2019 and is represented by a slightly positive sentiment
score of 0.131. Furthermore, the two sub-aspects meat and sauce differ strongly in their
course in 2019. Here, the course ofmeat collapses drastically (−0.109), while the course
of sauce remains nearly constant (0.503) compared to the previous year, leading to the
assumption that the negative reflections of meat may influence the main-aspect burger.
Moreover, this assumption is supported by the development of the respective aspects.
Here it becomes apparent that the significant improvement of the meat also potentially
causes an improvement of the burger, supporting the conclusion that our tool can identify
meaningful and sound trends based on the corresponding aspects and customer percep-
tions. Moreover, our tool has revealed discrepancies across the respective locations, as
the perception of sauce overall has remained quite constant in MA but consistently
decreases in Texas (TX) (see Fig. 3, Table 1).

Generally, the development of our tool was based on the DPs (see Fig. 2). Accord-
ingly, all expectations posed were technically realized. In addition, several trends and
their evolution could be identified by applying our tool to a real-world dataset, validat-
ing its functionality. To subsequently evaluate its practical applicability by identifying
meaningful and sound trends, an evaluation will be conducted in future work.

5.2 Discussion of the Demonstration

The implementation of the DPs enabled us to design and develop a tool which has
provided interesting results. As we establish the opportunity to extract the aspects in
either a supervised or an unsupervised way (DP1, DP2), we can identify in the first
instance aspects and/or product features which are discussed in the OCR. This allows
us to identify those aspects which are most important from the customer’s point of
view and, above all, which must be considered in Product Development [3, 8, 20, 21].
Figure 4 shows that the most frequently named aspects are burger, meat and sauce
(497, 372 and 268 occurrences). In the case of Product Development, the restaurant can
start screening these aspects as they are particularly important for the customers. The

https://doi.org/10.1007/978-3-031-06516-3_4
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extraction of aspects is possible on the one hand via a CNN including word embedding,
providing the restaurant to incorporate prior domain knowledge (DP2) such as aspects
about food, drinks, and processes in the restaurant. So, the extraction of the aspects is
tailored precisely to the company. But, on the other hand, if a restaurant wants to extract
aspects without exerting any influence, the tool can also identify them autonomously.

Moreover, the demonstration of the artifact has also shown that the customers have
spoken differently about the three aspects. Here, our results show that users spoke about
sauce more positively (0.471) over the years than about the aspects burger (0.376) and
meat (0.391). Thus, numerous opportunities for improving products can be identified,
and certain features can be given greater importance [5, 19]. Figure 4 shows that for
MA the values of the individual aspects can change considerably: While in 2015–2018
the sentiment values of meat range between 0.40 and 0.52, in 2019 it slipped down into
the negative range with−0.12. Simultaneously, the sentiment value of burger has fallen
too. In this context, it is therefore possible that the negative sentiment about the meat
had also influenced the customers’ opinion about burger. If a company did not have this
fine-grained information gained through the aspect-based sentiment analysis and wanted
to adjust the product in 2019 based on the negative reviews, they potentially would have
changed product features which were actually rated positively. In TX, considering these
aspects is inevitable as the results show that sauce needs to be changed so the customers’
opinions about it and thus of the whole burger can be improved again. Already existing
trend analysis tools often include sentiment analysis to show thegeneral tonality about the
company or the product over time – without considering that different aspects influence
the product’s evaluation. However, this leads to a distortion of the results and the benefit
for companies is no longer a given.

Furthermore, including geolocations and therefore considering location-based dis-
crepancies can also create significant benefits. To be competitive in a targeted market,
companies need to know which features should be designed in which way to meet the
local customers’ expectations [17, 36]. This becomes particularly evident when compar-
ing MA and TX (see Fig. 4). While in MA the burger exhibits a positively connotated
trend over the years, the sentiment over time in TX shows worse values. Especially in
2020 and 2021, the sentiment of the burger differs immensely (MA: 0.35, 0.45; TX:
0.28, 0.22). In both locations, there are different reasons for the burger’s better (MA) or
worse (TX) rating. While in TX the sauce must be adjusted to the taste of the people,
this is not necessary in MA due to the steady positive values. Without including geolo-
cations and also sentiment values, these discrepancies would not have been revealed,
which clearly is a benefit in comparison to other existing tools.

6 Conclusion, Contribution and Outlook

Assessing and identifying people’s opinions about a particular aspect and its future
impact (thus a social media trend), is difficult, especially given the vast amount of social
media data. Thus, techniques for analyzing textual social media data, e.g., aspect-based
sentiment analysis, topic modeling and neural networks, have gained in importance,
as companies need to be aware of customers’ expectations regarding products. How-
ever, prior literature and existing tools do not include external parameters and do not

https://doi.org/10.1007/978-3-031-06516-3_4
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cover specific requirements crucial in the field of Product Development (see Sect. 2.2).
However, the early identification of new and auspicious ideas and trends means a com-
petitive advantage for companies [19]. Thus, we provide a comprehensive tool by com-
bining several machine learning techniques and transfer them in a highly responsive and
platform-independent GUI. By demonstrating our tool on 37,638 Yelp OCR we have
shown that considering all identified requirements is necessary to analyze trends.

Besides creating value for practitioners, theoretical contributions in the research
area of IS are also provided. To acknowledge the importance of different DSR perspec-
tives, we have related our DSR contribution to the category “design artifacts” according
to [37], including both: the demonstration of the artifacts practical benefit and design
theory contributions [38]. Therefore, by providing a tool for automated trend analysis
that can identify aspects that are discussed within social media, we enable companies to
gain deep insights into customers’ current opinions and future expectations to tailor their
products. Hence, to meet these customers’ needs, a company has to identify and continu-
ously track product features by incorporating theVoC into internal Product Development
processes. Thus, as tracking evolving and changing customer requirements is imperative
to meet customers’ wishes [36, 39], companies can respond to them quickly and with
minimal effort. Compared to existing trend analysis tools, our tool meets all the specific
requirements set out within the literature regarding Product Development. In particular,
our tool can flexibly match different temporal and geographical parameters to identify
aspect-sentiment relations and it provides users the possibility to extract the aspects
either with or without prior domain knowledge. Thus, customer perceptions for specific
periods or geolocations can be displayed to track fine-grained variabilities. On the one
hand, this makes it possible to visualize influences affecting the sentiment. On the other
hand, downward trends can be counteracted and upward trends can be strengthened.
Hence, this combined with the integration of geolocations can especially support large
companies withmultiple branches in their efforts to easily perceive location-specific sen-
timent changes and explicitly react to them. As we have combined different techniques
and designed our tool modularly, companies can adapt the analysis to their specific
needs. A further contribution is that the tool can be supportive in identifying the aspects
of the products to be changed to meet the customer’s expectations (remove existing
aspects, others need to be enhanced) with the realization of (DP4)–(DP6). In summary,
companies can benefit from our comprehensive and modular artifact by analyzing large
amounts of data in a way best suited to their circumstances, aiming to analyze trends
regarding their aspect-based sentiment values.

Besides our technical contribution (i.e., the artifact), we achieved prescriptive theo-
retical contributions as a further outcome of our DSR project. Therefore, we formulated
and proposedDPs based on theDRs derived from current research literature. By applying
them an implicit empirical grounding of the DPs was achieved. Our DPs capture design-
related knowledge and can therefore support the development of further IS (design)
theories and new artifacts. For designing further (trend analysis) tools in related areas,
our DPs can be applied as we have formulated them in a prescriptive and abstract manner
by generally describing what the artifact should enable users to do and how it should be
built. Furthermore, the formulation of DPs allows us to abstract away from individual
settings and DRs, and rather align with generalizing prescriptive knowledge whereby
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they contribute to “nascent design theory” [38, 40]. For example, by DP4, the impor-
tance of including time, geolocation and/or further external parameters (e.g., customers’
characteristics) in a trend analysis tool is highlighted. As these external parameters have
a direct impact on the customers’ sentiment and therefore on the analysis results (cf.
[41]), the alignment to them will lead to a more targeted trend analysis tool. Thus, for
researchers that intend to design such a tool, we suggest considering the influences that
are evoked by external factors. So, with the compilation of the DPs, we made a first step
towards contributing to nascent design theory. To take a next step towards a more mature
design theory, we intend to verify our DPs by further evaluating our tool. Therefore, we
will first evaluate our tool in a formative and artificial environment (i.e., a laboratory
experiment). Here, participants will use it to identify relevant aspects and associated
customer perceptions. Subsequently, they will complete a questionnaire to indicate their
perceptions of the analysis quality and tool usability. This allows us to identify diffi-
culties and improve our tool (whereby our DPs can be confirmed or adapted) before
conducting a more elaborate evaluation in a more natural setting. This second evaluation
will be a field study with a large restaurant chain that plans to integrate a tool to support
its marketing departments.

However, there are also some limitations to this research: Although we included a
large set of investigations, we could identify probably even more requirements the tool
should meet in further literature.
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Abstract. Blockchain technology is widely considered as a solution to many of
today’s challenging information systems applications that require trust without a
third party. This technology is new because of its emergent behavior of com-
bining several existing technologies. However, when combining technologies,
this increases the complexity of blockchain applications. As a result, research
needs to progress by: isolating various blockchain components into different
artifacts and then combining them for use together; or studying use cases to
analyze blockchain’s applicability in various settings. This track incorporates
research papers in both of these directions.
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Although blockchain technology has been in existence for some time, it remains a
promising technology to address ongoing, complex problems, in today’s world. This is
due, in part, to its emergent characteristics that result from combining existing tech-
nologies, such as hashing, smart contracts, and private and public keys. In some
application areas, such as supply chain management or health care, it can be difficult, if
not impossible, to find a trusted third party upon which all stakeholders agree. For
example, in countries where the government is the sole sponsor of healthcare, the
government plays the role of a trusted third party. In this situation, blockchain would
not be the only technological solution that would be useful for health care applications.
In countries where health care has different, influential stakeholders, such as insurance
companies or pharmacies, then blockchain might be the only solution for dealing
effectively with the different players who are involved and their dominant interests.

Despite the promise of applying blockchain to solve previously unresolved prob-
lems, its complexity and emergent behaviors are challenging to understand and ana-
lyze. To better predict the emergent behaviors and manage the complexity, different
parts of blockchain development needs to be isolated, managed, and controlled. This is
where research in design science research can help. For example, abstraction can be
used to design artifacts that can hide details and operate as expected in blockchain
applications.

An example of abstraction mechanism is the entity-relationship (ER) model [1].
Before the ER model was invented, the design of a database involved addressing issues
related to the different types of data storage (e.g., hierarchical database versus relational



database), the management of empty storage spaces, and the need for new storage
spaces so that data could be retrieved and processed quickly. The ER model is, in
essence, an abstraction that hides implementation details so users and analysts can
quickly consider information needs, without being concerned that the outcome will be
insufficient for implementing a database. The equivalent of an ER model would be very
useful for developing blockchain applications and provide artifacts to improve its
operations.

Today blockchain technology is where relational database was in 1970s. The basic
framework of the technology is well understood. However, how to effectively use this
technology for business and social causes is still unclear. The use of blockchain
requires further enhancement on the underlying technology and the innovative use of
the platform. The research in design needs to encompass both. Just recently USA’s first
real estate transaction on blockchain-based technology happened in Tampa Bay.
A house was tokenized in the form of NFT (non-fungible token) and then the own-
ership was transferred immediately through a blockchain platform [2]. Thus, having a
blockchain specific track in DESRIST 2022 in Tampa Bay goes along with the spirit of
the region in becoming a leader in blockchain based platform.

Without the equivalent of a higher-level abstraction mechanism to generally sup-
port blockchain development, research in blockchain mainly proceeds in two ways,
which is reflected in the papers in this track. First, if there is a clear artifact that can be
isolated and improved (e.g., random number generator), it can be explored. Second, if
there is an application that requires the use of blockchain (e.g., healthcare), it provides a
way to experiment with blockchain independent of abstractions. The results of such
research effort can lead to the development of a needed higher-level model from which
blockchain progression can be made and evaluated. This track provides an interesting
set of papers that can progress blockchain in design science research.
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Abstract. Permissionless blockchain systems are highly dependent onprobabilis-
tic decision models, for example, the block addition process. If it were possible
to use blockchain systems as pseudo-random number generators, they could be
used to select, for example, new block proposers. The first step in this process is to
embed random number seeds in the blockchain for use in pseudo-random number
generation. This paper proposes transient random number seeds (TRNS), which
produce random number seeds as part of each transaction. TRNS, belonging to
each recipient in a transaction and are confidential, tamper-resistant, unpredictable,
collision-resistant, and publicly verifiable. TRNS enable recipients to produce
pseudo-random numbers to participate in any process where the blockchain sys-
tem depends on random selection. The TRNS protocol is highly scalable with
constant computational complexity and space complexity linear in the number of
transactions per block.

Keywords: Block addition · Permissionless blockchain · Random number
generator · Transient random number seed

1 Introduction

Manyblockchain operations require a source of publicly verifiable randomnumbers. This
is particularly true of blockchain consensus algorithms in permissionless blockchain
systems, where the goal is to select the party that has the right to add a new block
to the blockchain at random [1]. The most famous blockchain consensus algorithm is
proof-of-work (PoW) which is represented in more than 80% of cryptocurrencies when
measured by market capitalisation [2]. PoW has, however, also gained notoriety through
its high electricity demand, particularly in its use by Bitcoin [3]. This weakness of PoW
means that researchers are constantly searching for alternative ways to select new block
proposers for blockchain systems.

In addition to attempts to improve the power consumption of PoW, like non-linear
proof-of-work [4], alternative consensus algorithms, like proof-of-stake (PoS), dele-
gated proof-of-stake (DPoS) and proof-of-importance, exhibit the possibility for the
consensus mechanism to be skewed in the direction of a minority of stakeholders
in the blockchain network [5–7]. Proof-of-elapsed time, proof-of-luck, and proof-of-
responsibility depends on input from a centralised authority, which is at odds with the
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decentralised idea of blockchain systems [8–10]. Attempts have been made to exchange
electricity use for an alternative resource, for example, PoW with a cuckoo hash func-
tion (random access memory), proof-of-space (data storage capacity), and proof-of-burn
(blockchain tokens) [11–13].

Whatever the strategy, all consensus algorithms reduce to the same fundamental idea
expressed by Glaser [1]. They attempt to make the block addition process random by
selecting the block proposer randomly. Itmakes sense then to seekways inwhich permis-
sionless blockchain systems themselves can act as pseudo-random number generators,
which in turn can be used to select block proposers. Pseudo-random number generators
are, however, deterministic and depend solely on seed values. Each seed value results
in the same pseudo-random number when used as input in the same pseudo-random
number generator [14]. If it were possible then to assign random number seeds to stake-
holders in the blockchain, these seeds could be used by these stakeholders to produce
pseudo-random numbers, which in turn could serve to select block proposers at ran-
dom from among the stakeholders. Specifically, these seeds must be embedded in the
blockchain data structure, be tamper-resistant and publicly verifiable. Tamper-resistant
refers to tampering by a would-be block proposer, as well as anyone who may want
to assist or hinder that would-be proposer. Public verifiability is required because, in
the absence of a central authority, the data in a permissionless blockchain system must
constantly be scrutinised by all stakeholders in the system.

We propose a confidential, tamper-resistant, unpredictable, collision-resistant, pub-
licly verifiable, and scalable protocol to embed transient random number seeds (TRNS)
in blockchain transactions. Each recipient in a transaction receives a random number
seed that remains usable by the recipient until the transaction output is spent (the asset
is transferred), in which case the new recipient receives a random number seed. Each
random number seed is transient because it lives only while the recipient holds the asset.
This has two advantages. First, it is customary for stakeholders to maintain a database
of unspent transactions and consequently live random number seeds, as it is more effi-
cient for checking the validity of transactions than traversing the blockchain. Second,
only current asset holders can participate in the block proposition process. The TRNS
protocol adds low computational and space complexity to the blockchain system.

The rest of the paper is organised into four parts, Sects. 2, 3, 4 and 5. Sections 2
and 3 summarise the most important recent work on publically verifiable number gen-
eration and then gives the reader an overview of the relevant blockchain topics and
cryptographic concepts referenced throughout the rest of the text. Section 4 describes
the TRNS protocol, and the paper concludes with Sect. 5.

2 Related Work

Publicly verifiable random numbers, also referred to as beacons or random beacons, have
been widely studied [15]. Andrychowicz and Dziembowski [16] used the properties of
cryptographic hash functions in peer-to-peer PoW blockchain systems to produce an
unpredictable public beacon. It differs fromTRNS protocol by providing a single beacon
to all parties. PoW algorithms complete in non-deterministic polynomial time and do
not scale well.
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Scrape uses a distributed ledger and publicly verifiable secret sharing to produce a
single random beacon among a set of participants [17]. Scrape does not scale well as it
exhibits cubic computational complexity [18].

RandHound [19] provides individualised, publicly verifiable randomnumbers to par-
ticipating stakeholders, using a commit/reveal scheme, publicly verifiable secret sharing
[17] and threshold signatures [20]. RandHerd [19] extends RandHound, producing a
streamof publicly verifiable, non-individualised randomnumbers.Both exhibit quadratic
computational complexity.

HydRand [21] functions in permissioned environments, employs publicly verifiable
secret sharing [17] and random leader selection to produce a stream of publicly verifiable
random beacons. The protocol has quadratic computational complexity.

Dfinity is a blockchain consensus protocol that uses a built-in pseudo-randomnumber
generator as a basis for selecting new block proposers [22]. It uses distributed key
generation and Boneh-Lynn-Shacham threshold signatures [23] to produce a random
beacon. Participants may freely join or depart from the network, but it requires that all
participants are identified for each epoch (a fixed number of consecutive block additions).
A special opening block is used at the beginning of each epochwhere participants register
their intention to join or depart. The distributed key generation protocol at the beginning
of each epoch has quadratic computational complexity [24], but the repeated signing
process for generating random numbers during the rest of the epoch is linear [22].

Randaouses theEthereumblockchain to produce apublicly verifiable randombeacon
[25]. During each round, stakeholders share the hash values of locally produced seeds on
the blockchain. Once all seed hashes are registered, participants reveal their seeds, which
are combined to produce a random value. Randao has linear computational complexity
but is vulnerable to look-ahead attacks.

Ginar lets individual participants request a random number in cooperation with a
set of disintermediated participants on a blockchain system [15]. Each participant uses
a verifiable random function [26] to determine their eligibility threshold, and eligible
participants then encrypt a secret value with the requester’s public key. The encrypted
secret is stored on a blockchain, and the requester can decrypt the sum of the encrypted
secrets using the homomorphic property of Elgamal encryption. The decrypted sum is
the requester’s random number. Ginar is linear in computational complexity [15].

Single Secret Leader Election (SSLE) enables the selection of a random block pro-
poser (leader) in a blockchain system [27]. SSLE uses threshold fully homomorphic
encryption [28] to hide the leader’s identity until it reveals itself. This obfuscation pro-
tects the leader against a denial-of-service attack by a malicious party. SSLE relies on
public randomness beacons, which the designer of the final SSLE implementation must
decide. SSLE consists of two phases. First, participants must register to participate dur-
ing the setup phase and second, repeated election rounds are held until there is a change
in participants [27]. The authors did not report the computational complexity, but most
of the computational load is required for registering the participants during the setup
phase, presumably with quadratic complexity. The initial computational investment is
then amortised over many election rounds.
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3 Preliminaries

Before embarking on a description of the proposed approach, it is necessary to clarify
some terminology for simplifying the discussions. Blockchain transactions refer to the
transfer of an electronic asset or collection of assets between a sender or group of senders
(in a cryptocurrency sense, the payor, or payors) and a recipient or group of recipients
(payee or payees). We assume a single sender and a single receiver per transaction to
simplify the explanation, but the method can easily be applied to the more complex case.
Verifiers are stakeholders that may wish to verify the validity of data on the blockchain
but are not necessarily a party to any transaction. A simplified, generalised blockchain
transaction is shown in Fig. 1.

Fig. 1. The generalised blockchain construction process

In essence, a blockchain transaction consists of three steps. In this study, a transaction
is treated in its most general sense. Step 1 constructs the transaction data. The sender
public key denotes the blockchain address of the party initiating the transaction (the
sender). In practice, it may be that a transaction contains multiple addresses belonging
to the sender, and the address may obfuscate the public key, but this is irrelevant for
illustration purposes. Step 2 calculates the hash of the transaction data (TxHash) and
appends it to the existing data. TxHash serves as a unique identifier for the transaction.
In Step 3, the sender signs TxHash with its private key and appends it to the data. This
allows verification that the transaction was created by the rightful owner of the public
key and that the transaction data has not been tampered with.

It is assumed that parties to a transaction (sender or recipient) have access to suit-
able local cryptographic services for public-key cryptography, cryptographic hash func-
tions and cryptographic quality pseudo-random number generation. This is a reasonable
assumption as many programming languages supply these services, for example, C#
[29]. Table 1 gives a synopsis of the essential public-key cryptography services [30].
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Table 1. Essential services of public-key cryptography

Service Description

Key generation Creates a private and public key-pair (Private key, Public key) for use in
the other four functions and provide protocols to exchanging keys
between parties

Encryption Encrypted message = encrypt (Plain-text message with public key)

Decryption Plain-text message = decrypt (Encrypted message with private key)

Message signature Signature = sign (Plain-text message with private key)

Signature verification Verification = verify (Plain-text message, signature with public key)

4 Proposed Approach

This paper proposes a method for embedding TRNS with each new transaction. It func-
tions on the principle that the recipient of a transaction receives a random number seed
enabling it to participate in blockchain processes that are based on probabilistic decision
models. Once the owner of a TRNS transfers its assets to a new owner, its TRNS expires,
and the recipient from the transaction receives a TRNS. This ensures that only active
asset holders on the blockchain can participate in decision processes designed to use
TRNS. Each TRNS has five important properties:

• Each TRNS is confidential. This means that it is only known to the owner of the TRNS
until such time that it is used.

• The seed is tamper-resistant and unpredictable because no party can manipulate it in
a meaningful way. This includes the owner of the TRNS.

• The TRNS is made collision-resistant using cryptographic hash functions.
• Once a TRNS is used by its owner, it is publically verifiable.
• EmbeddingTRNS into blockchain transactions is scalable and does not add significant
space and computational complexity to the blockchain system.

Embedding a TRNS into a blockchain transaction is part of the transaction construc-
tion process and requires specific actions by the recipient and the sender. The TRNS
protocol governs these actions, and the responsibilities of the participating parties are
described in Sects. 4.1, 4.2, 4.3 and 4.4.

4.1 TRNS Recipient Protocol

When a transaction is initiated on a blockchain system, the recipient must generate a set
of payment details that specify the destination of the transfer. While the specification for
this destination information may differ between different blockchain implementations,
it can, for the sake of simplicity, be thought of as the public key from a public-private key
pair. This will throughout be referred to as the destination key-pair. The TRNS recipient
protocol requires two additional data items (Fig. 2).
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Fig. 2. TRNS recipient protocol

First, the recipient creates a second public-private key pair – the participation key-
pair. We assume a single party recipient to simplify the explanation, but for multi-
party recipients, a distributed key generation protocol can be used as in [24]. Second, the
recipient constructs a secret by calculating the hash of a locally generated pseudo-random
number. Third, the recipient signs the secret with its participation private key. Finally,
the recipient sends the destination public key, participation public key and signature of
the secret to the sender. The reason the recipient does not use its destination public key to
also sign its secret is to preserve the best practice to use a key-pair only once for signing.
Once the sender has the destination data, it uses the TRNS sender protocol to add the
seed fields (participation public-key and secret signature) to the transaction it creates.
The TRNS transaction construction protocol adds constant computational complexity
to the recipient and constant space complexity to the destination data.

4.2 TRNS Sender Protocol

The sender follows the generic blockchain transaction construction process and, in addi-
tion to the normal transaction data, appends the receiver’s participation public-key and
secret signature (Steps 1 and 2 in Fig. 3).

Fig. 3. TRNS sender protocol

After adding all the transaction data, the sender follows the usual signing procedure
by first calculating the hash of the transaction data and then signing it with its sender
private key (Steps 3 and 4 in Fig. 3). The TRNS sender protocol adds constant space
complexity to each transaction. In terms of each new block created by a block proposer,
the space complexity is linear in the number of transactions.
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4.3 TRNS Retrieval Protocol

The receiver can retrieve its TRNS as soon as its transaction is confirmed on the
blockchain. This is done by calculating the hash of Merkle root and recipient secret
(Fig. 4).

Fig. 4. TRNS retrieval protocol

The TRNS becomes stable when the block in which the transaction is recorded
becomes persistent, so it makes sense that a TRNS may only be used by the recipient
from that point onward. Note that the recipient secret and its TRNS are only known to
the recipient. The TRNS and accompanying receiver secret need only be made public by
the recipient once it is used in a decision process. By making the receiver secret public,
any party can verify the validity of the receiver’s TRNS. The TRNS retrieval protocol
can be executed in constant time by the receiver.

The authors note that the random number seed has two weaknesses. First, a recipient
and a block proposermay collude tomanipulate the randomnumber seed, and second, the
seed remains fixed (the same) for all future operations for which it may be used. Both
concerns can be mitigated through seed hardening. For example, when the recipient
chooses to use its seed to engage in a blockchain process, say, attempt to become a
leader in a block selection process, the protocol may prescribe that the seed be used in
combination with the previous block hash of the newly proposed block to compute the
final pseud-random number.

4.4 TRNS Verification Protocol

A verifier requires only the receiver secret to verify the receiver’s TRNS. The Bitcoin
PoW consensus algorithm requires the successful miner to publish its nonce on the
blockchain. A similar approach can be followed with the receiver’s secret by requiring
that the receiver publishes its receiver secret and TRNS on the blockchain when it is
used. The steps in the TRNS verification protocol are shown in Fig. 5.
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Fig. 5. TRNS verification protocol

First, the verifier uses public-private signature verification to check if the signature
of the recipient secret recorded in the transaction is that of the secret made public by
the receiver. Second, the recipient recalculates the TRNS by hashing the recipient secret
and the Merkle root of the block where the transaction was recorded and checking it
against the TRNS used by the recipient. TRNS verification is linear in the number of
transactions per block.

4.5 Using the TRNS for Consensus

Research is currently underway to design a consensus protocol using the TRNS. A
simplified example where a new block proposer is selected by way of a lottery can
be illustrated as follows. First, candidate proposers from the pool of recipients with
unspent transactions, each generate a lottery ticket (Ticket) from their TRNS. Second,
each proposer constructs a new transaction block and publishes the ticket information
and the secret fromwhich the TRNSwas derived in the block header. Finally, the network
follows the consensus rule of accepting the block with the largest ticket as the next valid
block to extend the blockchain.

Since each recipient constructs its secret locally, the network cannot control how each
owner produces it. In practice, theRivestmethod for producing a pseudo-randomnumber
from a hash function should be sufficient for honest participants, as hash functions are a
good source of pseudo-randomness [31]. Recipients who follow an insecure method for
producing the owner seed, for example, by hashing a predictable value, compromise the
confidentiality of their TRNS, but it has no impact on the seeds of other honest owners.
Once the transaction containing the TRNS is stable on the blockchain, the recipient can
retrieve it using the TRNS retrieval protocol.
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Candidate proposers generate the lottery ticket at the time it constructs a new can-
didate block. The Ticket for proposer i, Ti is the hash of TRNSi and the hash of the
preceding block (Hn-1).

Ti = hash(TRNSi,Hn−1) (1)

Each candidate proposer records its secret and Ticket by adding the fields to the
proposed block’s header. Each node in the blockchain network evaluates each candidate
block to ascertain the validity of the secret, TRNS, and Ticket. The valid candidate block
with the largest Ticket is chosen as the new block. Since the Ticket is tied to the previous
block hash, each new block round will produce a new ticket for each recipient. The
consensus algorithm can be adapted to place restrictions on the age of each TRNS, for
example, the TRNS may need to be buried by a minimum number of blocks or must be
used within a certain number of block rounds. The layout of a candidate block is shown
in Fig. 6.

Fig. 6. Candidate block structure

5 Conclusion

The TRNS protocol is a method for embedding random number seeds into blockchain
transactions. These random number seeds are transient, meaning that they are valid only
if the transaction is unspent. Designers of blockchain systems may, of course, impose
additional constraints on each random number seed, for example, by requiring that the
seed must mature before being used (be buried under a fixed number of new blocks in
the blockchain), expire after a fixed number of blocks even if the transaction remains
unspent, or be used only once.

Each TRNS is confidential, tamper-resistant, unpredictable, collision-resistant, and
publicly verifiable. These properties open avenues for blockchain designs where proba-
bilistic decision making is required. Uses include the selection of new block proposers,
especially in blockchain systemswhere it is impossible toweigh the value of digital assets
directly, as is the case with PoS or DPoS systems. Other uses may include input values in
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smart contracts, inputs that determine a random ordering of blockchain processes, inputs
for distributed applications (for example, gaming), or new types of blockchain appli-
cations such as publicly verifiable distributed random number generation. The TRNS
protocol is highly scalable, as is summarised in Table 2.

Table 2. Summary of TRNS computation and space complexity

TRNS protocol Computational complexity Space complexity

Receiver O(1) O(1)

Sender n/a Transaction: O(1)
Block: O(n), n = transactions/block

Retrieval O(1) n/a

Verification O(n), n = transactions/block n/a

The low overheads required by the protocol may make it vulnerable to low-cost
attacks on the blockchain system when applied to consensus protocols, but further
research in this regard is required and must consider the specifics of each application.
The TRNS protocol aims to improve the foundational technology of blockchain systems
by allowing blockchain architects access to a simple, highly scalable source of random
number generation in the hope that it will lead to new types of blockchain systems and
improve the efficiency of existing systems.
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Abstract. Technology has developed over the years, making our lives
easier. The healthcare sector has benefited from the advancement in tech-
nology, leading to an increase in the average life expectancy of human
beings. However, there are several problems with the way the sector func-
tions. There is a lack of transparency in the healthcare system, which
results in inherent trust problems between patients and hospitals. There
is no guarantee of getting the proper treatment from the hospital for
the fee charged. Blockchain integrated with the smart contract is a well-
known disruptive technology that builds trust by providing transparency
to the system. In this paper, we propose a blockchain-enabled Secure and
Smart HealthCare System. Fairness of the two entities, patient and hos-
pital, involved in the system are guaranteed if they behave honestly.
Privacy and security of patients’ medical data are ensured as well. We
have implemented the prototype in the Ethereum platform and Ropsten
test network and have included the analysis as well.

Keywords: Blockchain · Healthcare · Data security · Privacy ·
Fairness

1 Introduction

IoT devices in the healthcare sector generate massive amounts of patients’ med-
ical data. This digital data is a part of EHRs (Electronic Health Records), typi-
cally stored in databases. Owing to the personal nature of EHRs, they must not
be made available publicly. Failure to do so can have grave implications on the
patient’s life - such as discrimination by an employer based on medical history
or failure to get insurance. Further, tampering of medical data has the potential
to jeopardize a person’s life. A third party might also use such sensitive data to
inflict harm or sell it to other parties.

Each entity involved in providing medical service to the patient must be
made accountable for their action. Unethical behavior on the part of medical
professionals includes hospitals overcharging patients or providing inadequate
medical service. According to a survey conducted by Jan Arogya Abhiyan and
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Corona Ekal Mahila Punarvasan Samiti in September 2021, 75% of the patients
admitted for COVID-19 were overcharged. This happened despite the govern-
ment capping the treatment expenses of COVID patients.

Patients may put false accusations on doctors and hospitals of mistreating
them. Relying on a third party for resolving a dispute is not a good solution.
Further, rules and regulations imposed by the country on medical treatment
can be easily bypassed. Keeping all these problems in mind, we inferred that
blockchain-based solutions would perfectly fit in this case.

The proposed patient-centric healthcare system ensures privacy, security of
patients’ medical data and fairness of the entities involved. If a patient has
given consent to a party, the latter can access the medical data. An access con-
trol matrix stored in blockchain disallows any sort of malicious intervention.
The digital footprint of the medical data is stored in the blockchain to pro-
vide integrity and immutability, while digital signature ensures accountability.
The hospital authority cannot extort any arbitrary amount from a patient by
providing unfair treatment or denying treatment. In that case, our system will
penalize the hospital authority. On the other hand, if a patient claims that s/he
has received an invalid medical report or denies receiving treatment, the logic
encoded in the smart contract prevents such behavior by penalizing the patient.

1.1 Objective

We intend to propose a patient-centric hospital management system which real-
izes the following objectives:

– Fairness: An honest party will never lose money even if the rest of the parties
are malicious and try to cheat and claim money without providing the desired
service or data.

– Privacy : Any party cannot view a patient’s data until and unless it gets
consent from the patient.

– Data Security : Data of a patient stands protected and cannot be tampered.

1.2 Our Contribution

We briefly discuss the salient features of our proposed patient-centric healthcare
system that bring novelty to the design:

– We propose a Secure and Smart Healthcare System which coordinates the
interaction between patient and hospital while the patient is getting treated;

– The proposed system ensures that no one has access to the patient’s data
stored in the medical database until the patient grants permission. Any exter-
nal agent without access cannot tamper with the data. Any malicious behav-
ior can be detected using the digital fingerprint of the data recorded in the
blockchain.

– A patient cannot be overcharged for seeking treatment from a hospital. Simul-
taneously, a hospital has to start the treatment within a specified period. If
they fail to do so, the patient can withdraw any deposit made.
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– A patient can either keep the data with himself or store it in a medical
database, which is assumed to be semi-trusted. The database owner checks the
validity of the data provided by the patient before storing it in the database
to prevent the storage of any spurious data.

– We have implemented the prototype in the Ethereum platform and Ropsten
test network and have evaluated the performance. Code for the protocol is
available on pCloud§.

1.3 Organization

The rest of the paper is structured as follows -wehave discussed the state-of-the-art
in Sect. 2. Section 3 briefly discusses the basic building blocks. In Sect. 4, the system
model and high-level view of our construction are presented. In Sect. 5, we have
addressed our security claims. Section 6 shows the results of our proposed system
and also discusses the outcome. Finally, we have concluded the paper in Sect. 7.

2 Related Work

We discuss the state-of-the-art blockchain solution for the healthcare system.
Although state-of-the-art tries to enhance the security of the healthcare system
using blockchain framework, these have certain drawbacks. Xiao et al. [9] has
proposed a blockchain architecture model to store and enable different parties
to view EHRs. However, this blockchain model is prone to a single point of
failure. Xia et al. [8] had proposed a cloud-based blockchain platform for sharing
files with untrustworthy parties seeking access to medical files. However, the
solution is not scalable and suffers from key management problems. Jiang et
al. [4] designed a medical data exchange system using blockchain by developing
off-chain and on-chain verification for the security of the system’s storage. Their
work has addressed the problem of scalability. However, the solution does not
guarantee the fairness of the entities involved.

The data preservation system in work proposed by Li et al. [5] basically
contains two programs - the data access program and the blockchain interaction
program. Zhang et al. [12] proposed PSN-based healthcare by designing two
protocols for authentication and sharing of healthcare data. The drawback of
these two systems is that it lacks a data access control policy. Additionally, [12]
does not provide a protocol for sharing of EHR.

A healthcare data gateway was proposed by Yup et al. [11]. It is a blockchain
approach to healthcare intelligence to address users’ privacy by proposing a data
access control for privacy. Liang et al. [6] proposed a mobile-based healthcare
record sharing system using blockchain. They designed a secure user-centric
approach to provide access control and privacy using a channel formation scheme.
Zhang and Poslad [13] proposed an access control policy for electronic medical
records with finer granular access. Yang and Li [10] proposed architecture for
securing EHR based on distributed ledger technology. However, these works
lack any formal algorithm or proper implementation, and the authors have not
evaluated system performance.
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Fan et al. [2] proposed an improved consensus mechanism to get enhanced
security and privacy of medical data. Sun et al. [7] designed a distributed
attribute-based signature scheme for medical systems based on blockchain and
proposed a blockchain-based record sharing protocol. Gorenflo et al. [3] proposed
a performance optimization for the Hyperledger blockchain framework. However,
this work requires high storage, high power and computation cost.

Our model has addressed most of the existing problems by proposing a decen-
tralized, distributed healthcare system using a permission-less blockchain frame-
work. It also ensures the privacy of patients’ medical data (using Access Control
Policy), data security, and fairness of various entities involved in the system.

3 Preliminaries

In this section, we discuss the building blocks and other proposed methodologies
that we have used in our system.

3.1 Basic Cryptographic Primitives

– Encryption Scheme: Encryption Scheme serves the purpose of privacy or
confidentiality of the messages exchanged between a sender and recipient.
We have used two types of encryption - Private Key Encryption or Symmet-
ric Key Encryption (SKE) and Public Key Encryption or Asymmetric Key
Encryption (ASKE).

– Digital Signature Scheme: Digital Signature (DS) serves the purpose of
user authentication in the system. On obtaining the DS of an entity, any
recipient can verify if the message originated from the intended sender or
not.

– Hash Function: A Hash function ensures data integrity in the system. It
can be defined as h : {0, 1}∗ → {0, 1}k that maps messages of arbitrary length
to a fixed size message digest of length k. An ideal hash function must satisfy
the following three properties: One Way or Pre-image Resistant, Second
Pre-image Resistant and Collision Resistant.

– Merkle Tree: Merkle Trees are binary trees, which are used to prove the
membership of data belonging to a set. The leaf node comprises the data
present in the set, and the output of a leaf node is the hash of the data.
For every non-leaf node, the output is the hash of the concatenated children
node’s outputs. The output of the root node is referred to as the Merkle Root
(acronym as MR).

3.2 Other Building Blocks

– Blockchain: A Blockchain (BC) is an immutable, decentralized, and verifi-
able ledger that is duplicated and distributed across a P2P network. Tam-
pering data stored in the BC is impossible (or can be done with negligible
probability), which is the foundation of data immutability. The cryptographic
hash function assures data security. Miners mine a block by solving a difficult
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mathematical puzzle. The solution provided is called proof-of-work. Mining
secures the bitcoin system. Parties achieve a network-wide consensus without
a central authority.

– Smart Contract: Smart Contracts (SC) are self-executing contracts, where
the terms of an agreement between parties are encoded using a programming
language (e.g., solidity). The smart contract also helps to build trust in the
system by eliminating the role of intermediaries or middle man.

4 High-Level View of the System

Fig. 1. Healthcare system model

4.1 System Model

The major actors or parties involved in our proposed system, as shown in Fig. 1,
are as follows -

1. Patient (P)/User
2. Hospital Authority (HA)
3. Database Owner (DBO)

In our system, we have the following smart contracts. The protocol suite is
written in the form of functions inside the smart contracts.

– Smart Contract between Patient and Hospital Authority : SC P HA
– Smart Contract between Patient and Database Owner : SC P DBO

We have one additional smart contract, SC Registration, where the entities
of the systems can register themselves before participating in the protocol. Thus,
we have three smart contracts to build up the entire system. In the following
subsections, we will discuss how these different actors interact in the system.
Before that, let us state the assumptions taken.

4.2 Assumptions

a) In our system, every single party has a unique ID. A smart contract generates
these IDs at the time of registration in the system. One unique ID corresponds
to a particular PublicKey. Every party must register first to be a part of the
system.
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b) Medical Data Repository Owner or simply the Database Owner (DBO) is
considered semi-trusted in our system. DBO can have open access to the
stored data as the data is stored in plain-text form. However, this assump-
tion can be removed by adding the scope of handling encrypted data in the
database, and the model can be changed accordingly. The DBO’s activity
log is maintained in the blockchain. In case DBO misbehaves, then it can be
questioned and penalized accordingly. Patients can also keep their records to
their private storage locally or appeal to the DBO to remove their records in
case of privacy concerns.

c) Database Owner (DBO) must satisfy certain prerequisite conditions to be a
part of the system and appeal to the government expressing their interest. The
conditions or criteria may vary for different Governments of various countries.
If all the necessary criteria are satisfied, the government introduces DBO into
the system.

4.3 Communication Protocol Between Patient and Hospital

When a patient visits a hospital, the hospital will initially analyze the patient’s
problems. After preliminary scanning, the hospital generates an estimated cost
of the treatment. Hospitals and patients need to lock this amount in the smart
contract (SC P HA).

Access Control: For accessing the patient’s medical records from the medical
repository, the hospital authority asks the patient to grant proper access per-
mission. The hospital can read the patient’s medical history if permission is
granted. The patient can revoke access permission, if needed, at any instant.
Information related to this access control is stored in the blockchain.

Locking of Hospital Treatment Cost: The patient locks the estimated cost in the
smart contract. Then the hospital must start the treatment within a fixed time
window and register the treatment’s timestamp in the blockchain. If the hospital
fails to do so, the patient can unlock their money.

Storing Patient’s Record after Treatment: The hospital generates the patient’s
medical files - reports, prescriptions etc. However, these files are not transferred
to the patient immediately because of security reasons, which are addressed in
Sect. 5. With the help of some cryptographic computations and fair exchange pro-
tocol, as shown in Fig. 2, the hospital sends the medical files to the patient. The
hospital stores the following crucial attributes as the metadata in the blockchain
- MR of the file chunks M1, MR of the encrypted file M2, the signature of the
hospital on MR of the file, and signature of the hospital on H(Patient ID ‖ Date
of Report ‖ MR of Encrypted File). MRs M1 and M2 are used for verification by
the protocol on behalf of the patient and other associated entities like DBO. The
signature on the MR makes the hospital accountable for its encrypted file. The
signature on the hash of the patient’s attributes and the hash of the encrypted
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Fig. 2. Interaction between Patient and Hospital

file adds much more accountability, giving the patient the chance to complain if
the hospital misbehaved.

Upon receiving these file attributes offline, the patient verifies and gives con-
sent. If the attributes match, the patient invokes a function to give consent and
sign on the file. If the patient finds a mismatch in the file attributes, s/he can
withdraw the locked amount.

Hospital Bill Settlement: Meanwhile, the hospital provides the final medical bill
to the patient. We assume that the final bill amount is not greater than the
estimated cost. The patient has two options: give consent or raise a dispute for
being overcharged. The hospital and patient agree on the price through offline
communication. Furthermore, this pathway involves two additional transactions
by the parties before agreeing to the revised final bill.

Receiving the patient’s consent on the final bill, the hospital sends the decryp-
tion key to the patient. Suppose the MR of the decrypted file does not match the
one in the contract. In that case, the patient raises a complaint by providing a
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Proof of Misbehavior [1]. In that case, the patient provides the positions and the
two witnesses corresponding to both file chunk and encrypted file chunk where
a mismatch occurred. It also provides intermediate nodes in the Merkle tree as
proof so that the root can be reconstructed. Once the complaint is verified and
the counterparty is found to be malicious, s/he is penalized accordingly. Vice
versa, if a false complaint has been raised, the party gets penalized. Suppose the
patient does not respond within the timeout period. In that case, the hospital
withdraws the locked money (patient’s and hospital’s) and aborts the protocol.
There is a timeline check in all the functions to ensure that each process in the
protocol runs within the allocated time window. Also, at each stage of the pro-
tocol, both parties are given functions to abort the protocol to avoid indefinite
waiting if one of the parties stops responding. The above communication model
between patient and hospital is depicted in Fig. 2.

Uploading Medical Data: When the treatment is completed successfully, the
patient can store the medical files in their local storage devices or store them
in some medical repository/cloud server owned by the semi-trusted third-party
vendor (a.k.a. as DBO). And DBO provides the storage space service for some
charges. Any two-party fair exchange protocol can be used; In this protocol, we
implement the Fairswap Protocol [1], denoted as SC P DBO, for ensuring a
fair exchange of information between patient and DBO.

Readers may refer to1 for major algorithms and implementation details.

5 Security Analysis

Blockchain technology uses some cryptographic primitives (e.g., hash func-
tion, digital signature). As long as the underlying cryptographic primitives are
secured, the blockchain is secure, and so is our system. Assuming that the
blockchain is secure, the money locked in the blockchain is protected, and hence
the payment involved in the system is also safe. We claim that our system takes
care of essential security aspects and provides fairness to the parties involved in
the system. Detailed proof of our claims is provided in2.

5.1 Fairness

We discuss the fairness of each party, i.e., Patient and Hospital Authority. Even
if one of the parties acts malicious and tries to cheat, the malicious party gets
penalized and the money is used to compensate the honest party.

Proposition 1. (Patient’s Fairness) The honest patient must not lose money
or gets mistreated, no matter if the other party (i.e. hospital) is behaving mali-
ciously, under the assumption that the owner of Medical Data Repository is
semi-trusted and the underlying blockchain is secure.

1 http://u.pc.cd/lJx.
2 http://u.pc.cd/g5X.

http://u.pc.cd/lJx
http://u.pc.cd/g5X
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Proposition 2. (Hospital’s Fairness) An honest hospital authority will get its
money for all the services provided to the patient, despite the patient’s misbehav-
ior (say, the patient tries to take services from the hospital without paying the
bill amount and then leave), under the assumption that the underlying blockchain
is secure.

5.2 Privacy

A patient’s medical data is sensitive information. If a person’s health record
is available publicly, s/he may face embarrassment and might be subjected to
discrimination in daily life. Hence, it must be ensured that access to patient data
is provided only with the patient’s consent.

Proposition 3. (Patient’s Privacy) In our proposed system, none of the enti-
ties can access a patient’s data unless granted permission. At the same time,
personally identifiable attributes of the patient remain hidden from public view.

6 Result and Discussion

Implementation Setup: We have implemented the Healthcare Management
System on Ethereum test networks in a system having Intel(R) Core(TM) i7-
6700HQ running Linux Mint 18.04 19.1 (Tessa), a 64-bit operating system using
16.00GiB of RAM. We have used the Ropsten test network and an infura end-
point. Source code is provided on pCloud3.

The two main factors that determine the feasibility of any blockchain model
are cost of implementation and time taken. Since each Ethereum transaction
requires computational resources to execute, each transaction requires a fee. Gas
refers to the fee required to conduct a transaction on Ethereum successfully, and
the miners get the fees. Gas price denotes the current price for a single unit of
gas. Gas price is given in Gwei, where 1 Gwei is equal to 10−9 ETH. Gas cost is
given by multiplying the gas price with the gas required for a transaction.

Table 1. Deployment addresses of smart con-
tracts

Smart Contract Address

SC Registration 0x5a818296705cC24Feec4CfEAF1DfdaE056fEf037

SC P HA 1 0x9528dA5753ae928Eb1e0284C7b1771e2FC17a766

SC P HA 2 0x7b88e153aC1b2BCA865CD58E1082f50Ed69f4c3c

SC P DBO 0xC062E1eF5EdB815bcF5B93C6BaD497ABCA407f31

Table 2. Deployment cost of
smart contracts

Smart Contract Deployment Cost(Ether)

SC Registration 0.0353157

SC P HA 1 0.0994202

SC P HA 2 0.0583187

SC P DBO 0.04783231

Table 1 specifies the addresses of the deployed contracts. The contract deploy-
ment is a one-time occurrence. The transaction cost and the time taken for each

3 http://u.pc.cd/Od0.

http://u.pc.cd/Od0
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Fig. 3. Transaction cost for contract
deployment

Fig. 4. Time taken for contract deploy-
ment

Fig. 5. Transaction cost for party reg-
istration

Fig. 6. Time taken for party registra-
tion

Fig. 7. SC P HA transaction cost for 4
input gates

Fig. 8. SC P HA transaction cost for 8
input gates

contract deployment have been depicted in Fig. 3 and Fig. 4 respectively. The
gas price was 18.9 Gwei, and the ether cost was 2300.54 dollars at the time
of deployment. Depending upon the size of the contracts, the deployment cost
varies (Table 2). These are one-time costs. So, once deployed, we can get the
benefits throughout the usage of this protocol.
The smart contracts for patients and hospitals (SC P HA 1 & SC P HA 2) have
been split into two parts, citing the limited gas limit for blocks in Ethereum.
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Fig. 9. SC P HA transaction cost for 16
input gates

Fig. 10. SC P HA transaction cost for
32 input gates

The high gas for the collective patient and hospital contracts reflects the slightly
higher steps involved in the protocol.

The transaction costs and time taken associated with the entities’ registration
process, depicted in Fig. 5 and Fig. 6 respectively, are similar in scale for different
parties except for the patients, which are slightly higher due to the few more
variables involved in the registration for patients.

The transaction cost for certain functions involved in the protocol depends
on the size of the files. The file size may vary depending upon the treatment
and the corresponding result produced. The base file is constructed indifferently
for subsequent usage in the protocol. The file is divided into numbers of chunks.
The number and size of the chunks are the varying parameters, referred to as
the number of input gates and the buffer size of the gate, respectively.

We have shown the cost associated with various functions call for the con-
tracts SC P HA (Fig. 7, 8, 9, 10) with varying number of input gates and the
buffer size. The number of input gates varies in the range of 4, 8, 16, 32 and the
buffer sizes used are 32, 64, and 128. The file size can be derived by multiplying
the number of input gates and the buffer size. So, a file having 4 input gates and
a buffer size of 32 would have a file size of 128 bytes.

We find from the graphs of SC P HA (Fig. 7, 8, 9, 10) that they follow a
similar kind of trend with varying numbers of input gates. The transaction cost
for different functions hardly varies while keeping the number of input gates con-
stant and varying the buffer size. The graphs show that some functions require
a higher cost due to their heavy functionalities. It is viable as the utilities of the
functions outweigh the cost.

7 Conclusion

In this paper, we have proposed a novel Secure and Smart Healthcare System
where every involved party’s fairness is preserved without trusting each other.
Electronic Health Records (EHRs) are tamper-proof and free from unauthorized
access in our healthcare system enabled by blockchain technology. Our system
also ensures that the patient’s privacy does not get compromised. We proposed,
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prototyped, and deployed our healthcare system, which works fine in the private
and Ropsten test networks. Experimental result shows the satisfactory outcome
of various performance metrics. Our protocol demonstrates blockchain’s capa-
bility and importance in healthcare sector and proves that it could be the next
revolutionary technology to replace current healthcare systems.

As a part of future work, we will generalize the system considering the involve-
ment of the Medical Insurance Company. The aim should be to build trust
between a policy buyer and an insurance company by making the processes (such
as policy buying, claim verification and settlement, etc.) transparent through the
blockchain framework. Also, We will propose an approach whereby the research
community will get the data for the purpose of analysis without compromising
on patients’ privacy.
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Abstract. Intelligent systems leveraging Artificial Intelligence (AI) technologies
are ubiquitous in our daily life. To exploit the full potential of intelligent sys-
tems, it is important to follow a human-centered AI perspective. The interdis-
ciplinary research area of Human-Computer Interaction (HCI) in general is
concerned with the design, evaluation and implementation of interactive com-
puting systems for human use and with the study of major phenomena sur-
rounding them. This track specifically aims to provide a platform for discussing
the latest advances in design science research at the intersection of intelligent
systems and HCI.

Keywords: Intelligent systems � Human-computer interaction

Artificial intelligence (AI) technologies such as machine learning, computer vision, or
natural language processing enable machines to sense, comprehend, act, and learn.
Intelligent systems based on AI technologies are ubiquitous today. We use intelligent
systems daily as part of our mobile phones or consumer electronics such as smart
speakers or TVs. They are embedded in our cars providing safety and mobility ser-
vices, as in the form of adaptive cruise control or navigation systems. We encounter
intelligent systems as consumers on the Internet supporting individualized online
shopping and media consumption experiences or in the form of chatbots in customer
service. Finally, intelligent systems are also becoming more and more part of our
workplace. For example, they support us in the form of digital assistants in carrying out
tasks and making decisions. Besides augmentation of work, robotic process automation
assistants even take over routine tasks from us. With the growing number of connected
sensors, more data will be generated that will create opportunities to design even more
powerful intelligent systems, e.g., in the form of user-adaptive systems using bio-
signals captured by wearables or eye trackers.

However, from a human user’s point of view we often just do not understand what
intelligent systems expect from us. Or alternatively said, today’s intelligent systems do
not understand what we humans expect from them. Thus, the ubiquity of intelligent
systems does not necessarily make our lives easier. In a world increasingly permeated
by intelligent systems, understanding and designing human interaction with intelligent
systems considering instrumental and humanistic outcomes becomes absolutely



essential. The interdisciplinary research area of Human-Computer Interaction (HCI) in
general is concerned with the design, evaluation and implementation of interactive
computing systems for human use and with the study of major phenomena surrounding
them. The HCI field recently pushed the notion of human-centered AI (HCAI)
emphasizing the importance of human aspects in AI technology in a sense that it better
serves human needs, and is more reliable, safe, and trustworthy.

We argue that there is a need to connect the two fields of intelligent systems and
HCI more tightly as well as combine it with the design science research
(DSR) paradigm. Despite rapid technological progresses, the potential of intelligent
systems to solve fundamental societal problems is not sufficiently exploited. Even
worse, intelligent systems create new problems, such as biases, invasion of privacy,
lack of transparency and trust, loss of control and autonomy, and loss of authority. To
exploit the full potential of intelligent systems it is fundamental to deeply understand
the actual problems and challenges of humans and subsequently find appropriate
solutions for these problems. DSR aims to generate design knowledge about the design
of information systems (IS) artifacts. Design knowledge is about means-end relation-
ships between problem and solution spaces and can appear in the form of innovative
artifacts for real-world problems as well as design principles and theories. DSR pro-
vides solid methodological foundations as well as means to generate and accumulate
design knowledge for providing intelligent systems that solve real-world problems of
humans and society.

With this DESRIST 2022 track we aim to provide a platform for discussing the
latest advances in DSR at the intersection of intelligent systems and HCI. Designing
human-centric intelligent systems that matter requires the interdisciplinary collabora-
tion of scholars from different disciplines, e.g., economics and management, infor-
mation systems, psychology, and computer science. Furthermore, beyond
interdisciplinarity we consider the three characteristics of transdisciplinary (TD) re-
search i) problem focus, ii) emergent research methods, and ii) collaboration as central
for successfully designing human-centric intelligent systems. First, we believe that
specifically in the context of intelligent systems the problem focus needs to be
strengthened. Today, intelligent systems are often designed from either a technology or
a provider perspective. Where the technology perspective emphasizes technological
opportunities, the provider perspective just implements a business model. However, to
provide relevant solutions that positively impact the lives of people, it is fundamental to
get a deep understanding of the problem. By nature, problems do not belong to indi-
vidual disciplines, so close collaboration is needed here. Second, DSR provides solid
methodological foundations and guidance for delivering impactful design knowledge.
However, designing human-centric intelligent systems places very high methodological
demands. It requires novel methods or combinations of research methods from different
disciplines. For example, to enable participation of citizens in the design, it may be
fruitful to follow a digital citizen science paradigm. Furthermore, value-sensitive
design can support in considering the values of all affected stakeholders systematically
in the design process. Third, we are strongly convinced that in the design process of
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human-centric intelligent systems active participation of all relevant stakeholders
impacted by the designed solution should be pursued. Managing this collaborative
process in a DSR project is challenging and may require dedicated methods, tech-
niques, and tools.
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Abstract. The used-car market is notoriously untrustworthy and shady. Certified
data has been shown to help mitigate the information asymmetry, one of the major
factors to anuntrustworthymarket. In recent times,more andmore used-car dealers
have had problems surviving in this competitive data-driven market. In this study,
we conduct 12 interviews with used-car dealers and several meetings and work-
shops with employees and executives from the AMAG Group, one of the largest
automotive companies in Switzerland. This creates insight into current problems
for used-car dealers and how artificial intelligence can help. The problems can be
abstracted to the problem of high transaction cost and its subcategories. In reduc-
ing transaction costs by utilizing artificial intelligence, new secondary problems
arise. People need to trust the certificate, the analytics, and the predictions. Addi-
tionally, the data and analytics need to be transparent and understandable, and
privacy concerns must be addressed. The implications of this study are manifold.
First, we define the problems for used-car dealers on the used-carmarket and intro-
duce artificial intelligence approaches to the current data-driven used-car market.
Afterward, we stress that artificial intelligence needs to follow a human-centered
perspective and be designed for trust.

Keywords: Used-car market · Transaction costs · Trust · Artificial intelligence

1 Introduction

The used-car market has been historically described as untrustworthy. The primary rea-
son for that is the information asymmetry between seller and buyer. The seller has
complete information about the car, and the buyer needs to rely on the seller to provide
the truth about the car. For example, as estimated by the European Parliament, up to 50%
of cars traded across borders within the EU have manipulated odometers [1]. Trading a
used car is a challenge for buyers and sellers alike.

When the seller is a professional dealer, ways to mitigate the information asymmetry
include, for example, guarantees or online reviews [2]. Furthermore, previous research
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has shown that certificates, that store data on the blockchain, canmitigate the information
asymmetries between seller and buyer by providing trusted and certified data. These
certificates help the private individual when buying a car from used-car dealers.

However, it is unclear how these certificates can help used-car dealers survive in the
highly competitive and more and more data-driven used-car market. Especially in recent
times, fueled by the COVID-19-pandemic and chip shortage, fewer and fewer cars are
available on the used car market [3]. Therefore, helping used-car dealers survive and
gain a competitive edge in the used-car market is relevant as ever. However, first, the
problems used-car dealers face in the used-car market need to be analyzed.

If we utilize existing certificates and blockchain technology, we can ensure our data
is trusted and certified, giving it some quality. One can easily think of deploying artificial
intelligence (AI) to generate insights and increase the general information on the state of
a used car. Nonetheless, AI is known to introduce socio-technical problems, especially in
mistrust and intransparency of systems. Therefore, it would be assumed that introducing
AI in used-car trading would be without problems. This motivates us to formulate the
following research question:

RQ Can artificial intelligence help used-car dealers survive in a data-driven used-car
market?

To answer this question, we collaborate with the AMAG Group, one of the largest
automotive companies in Switzerland. Recently, the AMAG Group has had an ever-
increasing problem with the used-car dealers, which have a hard time surviving on
the competitive market. Therefore, by analyzing the issues for the AMAG Group and
deriving early design objectives and design requirements, we postulate how trusted,
and certified data in combination with AI can help the used-car dealers survive in a
data-driven used-car market being transformed by certified data.

The study is structured as follows. In the subsequent chapter, the background and
related work are introduced. In Sect. 3, we lay down the methodology for this study,
and in Sect. 4, we define the problems. The defined solution objectives and design
requirements are laid down in Sect. 5. Section 6 introduces the new, secondary problems
that arise from our design requirements. We end the paper with a discussion in Sect. 7
and an outlook in Sect. 8.

2 Background and Related Work

The trade volume on the used-car market is negatively correlated with the transac-
tion costs [4]. Thus, a dealer’s margin decreases with rising transaction costs. Some
economists describe the transaction costs as proportional to the sale price [4] or as the
difference between retail and wholesale price [5]. These definitions are relatively easy
to calculate but cannot catch the complex nature of transaction costs. Another defini-
tion of transaction costs describes transaction costs as “resource losses incurred due to
imperfect information” [6] (based on [7]), which need to be considered on a case-to-case
basis. It is also considered for seller and buyer equally.

Further, the used-car market is a prime example of a market with asymmetric infor-
mation [8]. The critical problem of asymmetric information is that buyers and sellers
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do not have the same information about a good or service, resulting in different quality
and price perceptions. Often these trades are disadvantageous for one party. Examples
of methods to overcome asymmetric information include guarantees, certificates issued
by experts, and third-party assessment [8]. A first indicator for the effect of mitigating
information asymmetries are markets that have regulations in place. One example is
the housing market, where mandatory energy performance certificates increase trans-
parency and reduce information asymmetry, which directly affects the housing price
[9, 10]. Another example is the food market, where it has been shown that nutrition
labels can impact consumer behavior and health [11, 12]. However, while buying a car
is often associated with significant investment for the private individual, the used-car
market finds less attention from the regulatory body. Therefore, the problem of infor-
mation asymmetry is still prevailing. One recent approach to mitigate the information
asymmetry in the used-car market is the inclusion of blockchain to store trusted data. An
example of such an approach is the so-called cardossier [13]. The cardossier platform
leads to increased data quality [14], new business models [15], and increased market
transparency [16]. It ultimately moves more used car business from the garage to online
platforms [17]. Used-car dealers may use the certified data of the cardossier platform (1)
to apply advanced analytics to evaluate the car state and value, (2) to buy used cars on
online platforms, and (3) to offer advanced warranties [18]. With new technology like
the cardossier, the used-car market more and more becomes data-driven. But it remains
open what precisely the problems of used-car dealers are and how potential solutions
can be designed and implemented to help them survive in this market.

In this paper,weutilize the data-richness and look at applying advanced analytics, i.e.,
AI. In this study, we consider machine learning and deep learning as major approaches to
achieve AI, which is in line with [19]. A method on the border of AI is Robotic Process
Automation (RPA) [20], where we use technology to automate tasks. RPA can use AI to
make decisions; however, it follows a simple logic most of the time. On the other hand,
Software Agents [21] are AI as they act autonomously and use machine learning and
deep learning methods. In marketplaces, like a used-car marketplace, AI has been shown
to help mitigate information asymmetry and make the marketplace more efficient [22].
Further, AI also has the potential to solve additional problems in the used-car market that
have not yet been addressed. Price prediction models have successfully been applied in
the used-car market [23]. Additionally, the topic of predictive maintenance also impacts
the used-car market [24, 25]. However, the advantages of AI come at a cost. Modern AI,
especially neural networks, has shown to be an intransparent black box [26] that people
have difficulty understanding [27]. However, explainability is one of the major concerns
in human-centered AI to achieve trustworthy AI [28, 29]. While a continuous effort is
to introduce transparency in the used-car market, we are not aware of explainable and
transparent AI applications deployed up to now.

3 Methodology

This study is a part of a larger project and reports on the outcomes of the first steps of
the Design Science Research (DSR) cycle, i.e., ProblemDefinition, Solution Objectives,
andDesign [30]. In this project, we collaborate with the AMAGGroup, one of the largest
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automotive companies in Switzerland, which has a high two-digit number of associated
and independent used-car dealers. In cooperation with its used-car dealers, the AMAG
Group aims to solve several problems in the used-car market. Our study aims to analyze
the problems the AMAG Group and its used-car dealers have. This analysis helps us
derive the objectives and design requirements for a potential AI-based solution for the
used-car market.

Primary Problem 
Definition

Primary Solution 
Objectives

Primary Design 
Requirements

Secondary 
Problem 

Identification
Interviews Interviews Workshops Workshops

Fig. 1. Phases in this study and the data source used in each phase

There are several sources of empirical data in our study. We interviewed several
experts in the used-car market and conducted workshops and meetings with employees
from the AMAGGroup. As shown in Fig. 1, first, we define the primary problems using
information gathered through workshops, meetings, and interviews. Then, we derive the
solution objectives and design requirements. These design requirements entailed new,
secondary problems, which also must be considered in the problem identification.

We conducted 12 interviews (abbreviated as I1-I12) with used-car dealers. We
included participants that are currently or formerly working as used-car dealers in the
AMAG Group and have several years of experience. Further, we excluded former used-
car dealers who no longer work in the AMAG Group or are not closely linked to the
used-car dealers in their current position. This ensures that all participants have a close
relation to the used-car market. On average, the participants have 20.1 years of experi-
ence in the automobile industry and 8.6 years in the used-car market. These interviews
were transcribed using an intelligent verbatim transcription and analyzed using qualita-
tive coding [31] in MAXQDA software. The interviews were conducted in German and
translated into English. Used-car dealers are optimal interview partners for this case, as
they can take on a double-role: they buy and sell cars, thus, knowing the requirements
for both sides. The workshops and meetings were conducted with several employees
from the AMAG Group. The initial goal of these was to derive the current problems the
used-car dealers have. After the problems were analyzed, we derived potential solutions
for the problems. For the workshops and meetings, we have comprehensive documenta-
tion in the form of meeting notes, (digital) whiteboards, and other similar records. With
this documentation, we can reconstruct the statement about the current problems and
the solution ideas, which motivate the design requirements in this study. This approach
provided us with an in-depth view of the problems faced by the AMAG Group and
ensured an extensive problem identification.

4 Problem Definition

This section introduces the AMAG Group’s primary problems in the emerging data-
driven used-car market. The situation for the AMAG Group is that its used-car dealers
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cannot buy enough cars fromprivate sellers and thus cannot take part in the used-car trade.
Further, they cannot generate revenue for the car dealer. Additionally, the automotive
company cannot conduct enough cross-selling, like selling new cars or warranties on
used cars. Based on the data, we identified the following primary problem areas:

(A) Finding sellers willing to sell their cars: To buy cars, the used-car dealers need
to find sellers that are willing to sell their cars. Without that, no used cars can be
purchased. The executives in the workshops and meetings stated that the used-
car dealers do not get enough cars to participate in the used-car market fully.
Additionally, the used-car dealers state, for example, that they “get many vehicles
from the new car departments” (I5). This statement shows that the used-car dealers
rely on the AMAG Group to give them the cars they sell and cannot find enough
sellers themselves.

(B) Quality management and car maintenance: Used-car dealers need to ensure the
quality of the car they buy. But even lengthy inspections cannot always detect
malicious fraud (like a manipulated odometer) or hidden defects. Nonetheless, the
used-car dealers must ensure the quality of the used cars they buy and then sell
again. Further, cars need to be maintained to be sold later. If the car breaks shortly
after being bought, the costs will significantly exceed the profit from this trade.
As one interviewee stated, the needed steps are as follows: “you look at the car,
make an assessment of the vehicle, the service team makes a test, looks at the car,
are there damages, are there defects, document that, make a dossier.” (I10). This
process involves several people and a lot of time and effort simply for assessing
the car and its future potential.

(C) Market monitoring: Used-car dealers need to constantly monitor the market to get
insight into current market prices and subsequently adequate prices for the cars
to buy and sell. This is mainly done individually by the used-car dealers and is
based on existing tools or websites. When asked about how to monitor the market,
one interviewee stated that they are using several tools, they start with “Eurotax
[and] Auto-Data”, but more importantly, the “market gives the price [which are]
internet-platforms [like] Autolina or Autoscout” (I4). This highlights how many
systems and tools are consulted to monitor the market and set the price of a used
car.

(D) Reputation management and providing trust: There are many used-car dealers, and
some of them act shady. To participate in the used-car trade, the used-car dealers
need to be perceived as trustworthy and of high reputation. This reputation man-
agement, while being crucial, is sometimes hard to achieve. Nearly all interviewees
stated that havingAMAG’s brand associated increases their reputation compared to
other used-car dealers. Further, the brand, for example, is “associated with trust”
(I10). However, reputation management is an active and ongoing effort.

The above-introduced problems can be generalized to one abstract problem: the
problem of high transaction costs on both sides of the trade. Transaction costs can be
categorized into three categories with five different types of transaction costs [6]. This
categorization and the concrete transaction costs in the used-car market are shown in
Table 1. Table 1 also includes an indicator of whether the transaction cost is relevant
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for the used-car dealer or the seller in this setting. Several transaction costs need to be
considered in our study. Problem (A) can directly be mapped on search cost. Used-car
dealer needs to spend resources to find potential sellers (e.g., online advertisement),
and the seller needs to spend resources finding a used-car dealer willing to buy the car.
Additionally, high bargaining and decision costs for the seller decrease the willingness to
sell the car. The problem (B) can be mapped on information cost for the used-car dealer.
The used-car dealer needs to spend resources to figure out the complete information
about the quality of the car and possible future issues with the car. The problem (C)
can be mapped to the bargaining and decision costs of the used-car dealer. The used-car
dealer needs to spend resources to figure out an adequate price for the car, communicate
the price, and convince the potential seller that the price is adequate. At the same time,
these costs also occur for the seller, who, albeit not as thorough as the used-car dealer,
needs to conduct similarmarketmonitoring to find the desired price. The problem (D) can
be mapped on the police/enforcement cost of the seller. The seller must spend resources
to determine whether the used-car dealer is trustworthy and will adhere to its part of the
trade, i.e., the agreed-on price. All in all, this introduces five problems in the present
case: (1) high search cost for used-car dealer and seller, (2) high information cost for
the used-car dealer, (3) high bargaining cost for used-car dealer and seller, (4) high
decision cost for used-car dealer and seller, and (5) high policing/ enforcement cost for
the seller.

Table 1. Transaction costs and indication if they occur for the used-car dealer or the seller

Transaction cost Definition (based on [6]) Used-car dealer Seller

Search cost Imperfect information about the
existence and location of trading
opportunities

✓ ✓

Information cost Imperfect information about the
quality or other characteristics of
items available

✓

Bargaining cost Resources spent in finding out the
desire of economic agents to
participate in trading at certain prices
and condition

✓ ✓

Decision cost Resources spent in determining
whether the terms of the trade are
mutually agreed

✓ ✓

Policing/enforcement cost Lack of knowledge as to whether one
(or both) of the parties involved in
the agreement will violate his part of
the bargain

✓
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5 Solution Objectives and Design Requirements

Based on the five problems introduced in the previous chapter, we defined solution
objectives and proposed design requirements based on the meetings, workshops, and
interviews. The solution objectives are introduced and summarized in Table 2, together
with the design requirements. To solve problem (1), we need to increase the information
about possible trading opportunities. This leads us to the solution objective of (i) Provide
better access to potential market partners for used-car dealer and seller, which will help
reduce the search cost. Next, to solve problem (2), we need to focus on the used-car dealer
and increase the information about the quality of the car. Thus, we introduce solution
objective (ii) give the used-car dealer faster access to the full information about the
car, including predictions about the future life cycle. Additionally, to address problem
(3), we need to reduce the resources spent in the actual bargaining. This is mainly the
time needed for bargaining for the used-car dealer. For the seller, this is the time and the
cognitive effort for the bargaining. Private individuals do not like to bargain, which is
also cost for the seller. Therefore, we introduce solution objective (iii) reduce the need
for bargaining for both market participants. Furthermore, to solve problem (4), we need
to reduce the effort to decide if the bargaining outcome is desirable for both parties. This
again increases the cognitive effort of the seller. At the same time, it is also important
for the used-car dealer to be sure if the outcome is desirable. Therefore, we introduce
solution objective (iv) simplify the final decision for both market participants. Finally,
to solve problem (5), we need to increase the seller’s knowledge that the used-car dealer
will hold up to its end of the trade, i.e., will hand over the agreed-on amount of money.
Therefore, we introduce solution objective (v) ensure the compliance of the used-car
dealer for the trade. The solution objectives are also summarized in Table 2, together
with the design requirements introduced in the subsequent chapter.

Based on the problems and the solution objectives, five design requirements were
derived in internal workshops. First, a digital app (implemented as a web app) should
be provided where a seller can automatically get assigned to a potential buyer. This
platform can be supported by AI by providing a suitable buyer–seller pairing and solving
the resource allocation problem. Second, as stated by an executive of the car dealer, an
“awesome” certificate should be defined based on certified and trusted data, containing
the essential data about the cars, including predictions about the car life cycle. These
predictions should utilize AI to predict the car’s future life cycle. The most common use
case for that is predictive maintenance. Third, an adequate price for the specific car at
hand should automatically be calculated and shown to the seller and used-car dealer. AI
approaches have successfully been applied for price prediction models, e.g., regression
models based on historical data. If the market participants rely on this predicted price,
this greatly reduces the bargaining cost. Another option that would at least reduce the
bargaining cost for one side is software agents that take over the bargaining. Fourth,
the car’s market price should be shown, making the profit margin of the used-car dealer
more transparent. Currently, used-car dealers can scrape the internet for the current
market price by searching on marketplaces like Autolina or AutoScout. However, this
task takes up time, which increases the decision cost. By directly showing the price, the
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Table 2. Problems, solution objectives, design requirements in the present setting

Problem Solution objective Design requirement

(1) High search cost for
dealer and seller

(i) Provide better access to
potential market partners

(a) Provide an application where
sellers directly get allocated a
potential buyer

“We don’t find enough seller of used cars” (paraphrased, internal workshop with executives)

(2) High information cost
for dealer

(ii) Give the used-car dealer
faster access to the full
information about the car

(b) Provide trusted and certified
car data and prediction about the
car’s life cycle

“The added value (of the certificate) is, I can trade in faster or better because I have the
confidence in the car, I can offer the customer more for the car than the others” (I12)
“If you can prove the service history well, that also creates trust. That would certainly be
good.” (I5)
“[If] a seller has a certificate […] that would take away great fears or create great security.”
(I2)
“Because the driving data alone don’t mean anything to me, an analysis of this data would be
useful” (I2)

(3) High bargaining cost for
dealer and seller

(iii) Reduce the need for
bargaining for both market
participants

(c) Suggest an adequate
automatically calculated price
for the specific car at hand based
on the data

“If everything is defined [it leaves no room for the] bargain leeway of the used-car dealer” (I1)
“Analyses […] is of course an advantage, because we don’t know all the markets either” (I7)

(4) High decision cost for
used-car dealer and seller

(iv) Simplify the final decision
for both market participants

(d) Show the market price to
simplify the decision process

“[For deciding prices] I am mainly oriented to the market; I am interested in the market” (I9)
“I orient myself very strongly, also in pricing [at the car market] (I8)

(5) High
policing/enforcement cost
for seller

(v) Ensure the compliance of
the used-car dealer for the
trade

(e) Incorporate independent
organizations and components
into the system

“[A car] is the second highest investment you make […] I think that’s where trust is very
important.” (I12)
“If [the customer] has confidence [they even] pay a few francs more for the vehicle.” (I11)
“[the car dealer’s brand is] associated with trust” (I10)

decision cost is reduced. This task can be optimized, for example, by Robotic Process
Automation. This can also be solved more sophisticatedly by AI that can learn the
importance of different online marketplaces based on various factors to filter the actual
market price. Finally, independent organizations or components should be integrated to
generate more trustworthiness and reputation. This could be done by other AI solutions,
like machine learning-based ratings of car dealerships or simple solutions like manual
ratings of said dealerships.
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6 Secondary Problems

During the interviews, it became apparent that the proposed design requirements lead to
new problems. These problems arise from solving the initial problems. Therefore, it is
also inevitable to consider these problems. These secondary problems are summarized
in Table 3 and explained in the following. Overall, we derived four secondary problems
from the interviews. First, there is the problem of trust in self-issued certificate. Since
the certificate is issued by the AMAG Group itself and supports their used-car dealers,
this might come across as untrustworthy. The AMAG Group could have the incentive to
manipulate the certificate to generate more profit. Here an independent instance needs
to be introduced to create more trust in the certificate. The quote underlines this: “The
certificate needs to be independent and […] created by an independent institution”
(I12). Second, there is the problem of trust in analytics. Many participants still do not
trust analytics. Some have problems with analyzing the driver behavior (I1). Some other
interviewee states that price predictions could be daunting for the seller (I5). This is
especially the case as stating exactly that factors that decrease the price might lead
the seller to think that the price is too low—but it is just the regular price. Finally, one
problemwith the trust in analytics is that some interviewees do not trust the performance
of the predictions (I9). That means that price predictions need to be very accurate to
outperform the expert user and thus gain trust. As the used-car dealers are experts in
their field, they rely on their knowledge rather than analytics and predictions. Third,
there is the problem of interpretability of data and analytics. Interviewee (I11) stated
that data is hard to interpret, leading to intransparency. This is especially true if too much
data is present (I1)—too much detail might lose the user (I8). Further, the uninformed
user might have additional questions that arise through analyses and predictions, which

Table 3. Secondary problems identified with the interviews

Problems Description

Trust in self-issued certificate People tend to have a lower trust in the certificate if it is
self-issued and would prefer a certificate of an
independent vendor (I12)

Trust in analytics Some have problems, if the driving behavior is
analyzed (I1) and think that price predictions and
analyses could be daunting (I5). Further, some do not
rely on analytics, since they are unsure of its quality
and rather rely on their own assessment (I9)

Interpretability of data and analytics The analytics is described as intransparent and the data
as hard to interpret (I11) and additional question may
arise because of these analyses and predictions (I6).
Further, there is too much information (I1), and too
much detail that may lose the customer (I8)

Data privacy concerns Many people have data privacy concerns and are unsure
what data should be included in the first place (I1, I3,
I5, I7, I8, I12)
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might confuse them more than help (I6). Fourth, there is the problem of data privacy
concerns. Many of our participants have privacy concerns (I1, I3, I5, I7, I8, I12). They
are unsure which kind of data should be stored and how they should be allowed to have
access to the data. They especially do not like the idea of tracking granular data or
including personal information.

7 Discussion

This paper addressed the following research question: Can Artificial Intelligence help
used-car dealers survive in a data-driven used-car market? To answer it, we first ana-
lyzed the primary problems of used-car dealers, derived the solution objectives, and
design requirements for an AI-based solution. By introducing AI in the data-driven
used-car market that builds on trusted and certified data, new, secondary problems arise
that need to be considered. The overall contribution of this paper can broadly be divided
into two parts: (1) the problem analysis and design requirements for AI to increase the
value and performance in the used-car market, contributing to the discourse on data-
driven used-car markets; (2) the discussion on human-centered AI, contributing to its
practical usage and challenges when using AI.

First, our design requirements leverageAI to simplify tasks, like the active comparing
of market price as needed for (C) Market Monitoring, and with this, reduce transaction
costs. However, the final trade still must be done by the used-car dealer, i.e., AI does
not replace the used-car dealer but instead supports them. Nonetheless, many design
requirements have the potential to reduce the tasks of used-car dealers to a minimum.
Additionally, our design requirements can mitigate information asymmetry, e.g., by
transparently showing the market price, or utilizing price prediction models, like [23], to
give both parties the same information. At the same time, a reduced information asym-
metry further reduces the transaction costs since, for example, the need for bargaining
and the cost to gather information about the car is reduced. By reducing the transaction
costs, the used-car dealers can be helped to survive in the market. More so, the potential
to increase sales in the new car market is increased. Therefore, not only used-car dealers
but also new-car dealers will be interested in the presented design requirements. We
point out potential solutions to reduce the high transaction costs. These solutions build
on concepts like a cardossier [13].We propose solutions that leverageAI (e.g., prediction
models [23], or predictivemaintenance [24]). This can further accelerate the current shift
of responsibilities in maintenance from service workers to data-driven approaches, as
introduced in [25]. However, such approaches depend on good data quality. A cardossier
has been shown to increase the data quality [14] and, thus, is a good foundation for well-
built AI models. This AI then can be used to extend the online platforms introduced in
[17] with the new functionalities.

Second, even though, in theory, AI solutions seem to reduce transaction costs
instantly, we still need to consider the secondary problems that comewith anAI solution.
In this specific case, the problems that come with the introduction of AI are the trust and
the interpretability of the system, trust in the certificate, and data privacy concerns. Thus,
our results confirm the current developments in AI research that focuses on explainable
AI [27, 29]. However, our results achieve more. We also point out the need for trust
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in AI. Trust is the central topic in the secondary problems. That means for the context
we studied, i.e., the used-car market, more design for trust is needed. Given our results,
explainable AI and FATE AI are good candidates to design for trust; however, that alone
is not enough. This is also in line with the concept of human-centered AI. With this,
we also contribute to the general discussion of AI. We highlight that while AI methods,
like price prediction models [23] or predictive maintenance [24], in theory, are capable
of reducing information asymmetries and transaction costs. However, in practice, new
problems arise that prevent the direct implementation of these methods. Solutions to
the secondary problems must be human-centered. They could include strategies like
validating the quality and completeness of the certificate and data by an independent
authority or instance, creating transparency by deploying state-of-the-art explainable AI
and ensuring data privacy. This also raises the question of if AI is always necessary. Some
tasks do not need to incorporate sophisticated AI solutions, but the simpler logic-based
rule could work equally well. RPA [20] could be used to solve tedious tasks without
the need for AI. In software development, a common rule is to keep things as simple as
possible. This should also hold for AI development. Additionally, several technological
implementation and economic challenges will occur. We do not have any indication if
people are willing to pay for such a system, and thus, the question of pricing remains
unanswered. Additionally, practical problems arise when such a system is implemented.
We need to ensure data sources with high data quality for AI models to perform well.

All in all, to answer the RQ on whether Artificial Intelligence can help used-car
dealers survive in a data-driven used-car market, the answer to that is yes, potentially.
Our design requirements are a substantial step towards a holistic solution. However, all
solutions entail additional problems that need to be considered for the development.

8 Conclusion

To conclude, we showed how AI could be used to potentially solve the major problems
of used-car dealers in the used-car market. However, new, secondary problems arise
with these potential solutions that need to be addressed. These secondary problems
are not easy to solve as they require unique properties to remain human-centered, like
transparent and explainable AI. AI can only bring added value to the used-car dealers
and help used-car dealers survive in a data-driven used-car market.

This study comes with some limitations. One limitation is the focus on used-car
dealers as interview partners.Whilewe argue that used-car dealers can take on both roles,
sellers, and buyers, there still is a difference in experience between dealers and private
individuals. This might lead to different requirements. Further, the design was evaluated
with project partners on the level of the design requirements. The next step would be
to design the solution based on these requirements and test it in experimental settings
and the field. Additionally, we only follow one automotive company, the AMAGGroup,
with several used-car dealers. While still trying to be as general as possible, we cannot
rule out that other automotive companies might have different or additional problems.
The findings can also be different for other cultural or business contexts. Overall, it will
be interesting to investigate the secondary problems and find further solutions for them
for future research. Lastly, the system can be developed for practical use. Nonetheless,
this study is a fitting starting point for future research.
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Abstract. Conversational Agents (CAs) provide the means to foster user expe-
rience design through seizing their interaction capability, knowledgeability, and
human-like behavior. To support practice and academia in designing CAs, IS
researchers have been creating design knowledge in the form of design principles
(DPs) guided by the Design Science paradigm. However, scientific literature in
this vein is dispersed and lacks an axis of cohesion and transferability to sustained
practice usage. This raises the question of reusability of design principles in the
realm of CAs. Therefore, in this study, we conduct a Systematic Literature Review
to retrieve and assess design principles of existing design science papers dealing
with CAs with regard to their reusability. Our findings indicate that the Design
Science community, in our case in the domain of CAs, seems to face challenges
in creating reusable design principles. We discuss this observation and provide
avenues on how to move forward.

Keywords: Conversational Agents · Design Science · Design principles ·
Reusability assessment

1 Introduction

Conversational agents (CAs) are up-and-coming, fostering individualized interactions
between users and companies due to their innovative properties, such as the various pos-
sibilities to interact, their knowledgeability, and their human-like behaviour. With the
rise of end-user-oriented CAs, the access to these novel applications has been democ-
ratized. CAs can be regarded as software agents that are designed to aid users in per-
forming various activities by interacting with users via natural language [1, 2]. These
CAs are gradually evolving to become the dominant mode of delivering user experiences
designed by miscellaneous service providers [3]. However, designing CAs in a manner
that leads to high levels of user satisfaction still poses a challenging task for user expe-
rience designers due to the novelty of this class of systems and the ambiguity of design
outcomes.

To counteract this, research has started to elaborate on corresponding design knowl-
edge seizing Design Science Research (DSR) as a guiding paradigm to structure CA-
oriented design endeavors [4]. Due to its suitability for constructing socio-technical
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artifacts, DSR has become widely used in the field of Information Systems [5]. The
notion of design science is described as a process of originating novel artifacts in Infor-
mation Systems. Thereby, a particular problem set is addressed and further assessed
regarding the usefulness of addressing that specific set of problems in multiple steps.
Outstanding DSR artifacts may result in impact through novelty and generalized theo-
ries of design, enabling practical application to real-world problems. Thus, DSR offers
the opportunity of providing guidance to both practitioners and researchers within the
development process and to ensure that the developedCA is serving its intended purpose.

However, the scientific literature is dispersed into different thematic axes and research
areas [6, 7]. Furthermore, the scientific and practical knowledge about CAs has also
grown in a dispersed manner, given a shortage of integrative perspectives to support
CA development and design processes [8, 9]. This leads to challenges in the field of
DSR, as emphasized by Iivari et al. [10, 11], as well as Cronholm and Goebel [12]. The
authors stress the necessity for Design Science researchers to not neglect reusability of
design principles (DPs), as design DPs “found applicable by practitioners and not useful
in practice” pose a mismatch with the basic idea of DSR. Taking action on the raised
concerns, Iivari et al. [11] recently presented a proposal for assessing existing DPs of
DSR papers by systematically evaluating the extent of their reusability based on different
criteria. This provides a suitable framework for appraising any DPs with respect to their
reusability.

Against this backdrop, we aim to address the mentioned shortage of integrative per-
spectives on CA development and design processes; we assess DPs of existing research
papers dealing with CAs by actively evaluating their reusability for practitioners. Thus,
we formulated the following research question (RQ) that we aim to address in this paper,
performing a two-step analysis.

RQ: Towhat extent are existingDPs in the realmofCAs reusable by other researchers
and chatbot designers?

By answering this research question, we intend to contribute on the one hand to
the DSR community by evaluating the usability of DSR artifacts in a specific context,
on the other hand, we intend to contribute to the research field of CAs by shedding
light on the reusability of DPs for academia as well as practice. We hope to foster and
contribute to the ongoing discussion in the field of design science. Overall, this work
shall present the first evaluation of DPs in a specific research area and should highlight
opportunities for improvement and action for the future creation of prescriptive Design
knowledge in IS. The remainder of this paper is structured as follows. First, we provide
a brief overview of the current research on CAs and introduce our conceptual notion of
DPs. In the next step, we describe the method regarding the systematic literature review
as well as the reusability framework proposed by Iivari et al. [11]. Subsequently, we
present our descriptive findings and insights into the current state of CA literature within
design science research. Furthermore, we present our results regarding the reusability
of prescriptive design knowledge, i.e., DPs. Based on this, we discuss our results, lay
out the imminent limitations of our analysis, and provide areas for future research on
advancing both the field of CAs and DSR. Finally, we close this paper with implications
for practice and academia and some concluding remarks.
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2 Conceptual Background

2.1 Conversational Agents

AI-based CAs assist users by interacting with them using natural language [13]. CAs
can respond to user input, adapt their responses, and build up a dialogue with them,
similar to human–human interaction.CAs are distinguished fromother intelligent system
entities by their interaction and intelligence capabilities [13].Mainstream conversational
intelligent systems follow strict behavioral patterns. Those agents could only match user
inputs against stored patterns [1]. However, CAs can now process compound natural
language and thus respond to more complex user requests [14]. They can also adapt
their responses to the user’s workflows, knowledge state, and dialogue routines. CAs are
thought to improve quality in various personal and professional tasks. They are expected
to increase worker productivity by adapting to their tasks and routines [15]. They are
intended to improve user comfort and well-being in private settings.

Considering the widespread of CAs, the industry anticipates high user adoption [16].
However, the opposite has proven to be true [17]. The high level of contextualization
required to provide a flawless user experience makes designing a new CA a difficult
task. However, design elements are the distinctive technical, conceptual, and knowledge
features that frame a CA [18]. Even though a large body of research, mostly in the IS
domain, investigated the design of CAs in various contexts, there are no general CA
design guidelines, only high-level suggestions and domain-specific advice. As a result,
many CAs confuse, frustrate, and even annoy users [19]. Thus, an integrated analysis
aggregating design science insight on the diversity of CA design knowledge could help
us better understand CA design and identify future research needs. Moreover, despite
the rapid yet segregated growth of practical and scientific knowledge in this area, we
are unaware of any review or evaluation that focuses on CAs design knowledge. Thus,
we address the lack of an integrative perspective by systematically analyzing the DS
literature on CAs to identify design knowledge, assess reusability, and identify research
needs.

2.2 DPs as Generalizable Design Knowledge

Hevner et al. [20] consider DSR as a proactive paradigm when it comes to IT as DSR
enables entities to address relevant problem sets in IT through the conception and assess-
ment of novel artifacts. Therefore, when it comes to technology, DSR appears to bemore
hands-on and agile as this kind of research is in the continuous process of new artifact
creation and utility assessment of corresponding addressed problems. Baskerville et al.
[21] show that DSR requires the creation of artifacts and the formulation of their design.
Thereby, DSR artifacts show a considerable impact on the dimensions of theory as well
as practice. DSR is widely seen as an opportunity to respond to calls for academics to
commit themselves to work that has a greater resonance outside the scientific community
[22].

Taking up on this, scholars have been exploring the codification of knowledge in the
field of DSR (e.g., [23]). The purpose of creating design knowledge in DSR projects
is homogenous in its overarching goal of creating utility but heterogeneous in how this
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is realized in as many different configurations as possible for creating and evaluating
design knowledge in IS exist [24]. Taking this into consideration, Sturm and Sunyaev
[25] observed that most knowledge is used by practitioners for designing artifacts, i.e.,
CAs. A form of representation of design knowledge can be found in DPs. Following
Gregor and Hevner [5], DPs can be described as “generalized knowledge contribution
in DSR”. Moreover, DPs are comparable to Gregor and Jones [26] component of Level
3. The idea for the term of DP was shaped by the research of Gregor and Hevner [5]
and Sein et al. [27]. It is noteworthy that Gregor and Hevner [5] have a slightly different
perspective on DPs than Sein et al. [27]. While Sein et al. [27] are of the opinion that
DPs should be theory-ingrained as a part of an action design research approach, Gregor
and Hevner [5] argue that DPs emerge from DSR efforts.

Early on, Sein et al. [27] argued that DPs are how prescriptive knowledge should be
expressed within design science research. Nevertheless, it should not be neglected that,
in addition to DPs, other forms of presentation can be used to record design knowledge.
Thus, design knowledge can also appear in patterns or requirements (e.g., [28]). Nev-
ertheless, within the DSR community, it is widely shared that DPs are seen as the right
way to formalize DSR efforts and abstract the research findings to allow knowledge
accumulation within the community [29]. This accumulation of knowledge is reflected
in how DPs describe how other instances belonging to the same class of systems can
be created and designed [27]. According to Chandra et al. [30], design principles have
two audiences. On the one hand, they add to a corpus of knowledge [31] regarding the
design of various types of IT artifacts [32, 33]. On the other hand, they are also meant to
provide practitioners with meaningful insights that can be used to develop new versions
of related artifacts.

Recently, Purao et al. [23] discussed that it is naive to assume that practitioners simply
take the DPs designed by scholarly researchers and apply them in their context. Other
researchers have already addressed the underlying problem, namely that DPs reported
in research articles currently find little application in practice (e.g., [11, 22]). Gregor
et al. [22] assume that one of the main factors causing this is the formulation of DPs.
Their study notes that there are many discrepancies and inconsistencies in the literature
when it is a matter of how DPs should be formulated. In this context, they propose a
formulation scheme that should help researchers to formulate DPs better. This awareness
of the issue is also being shared through research by others. Lukyanenko and Jeffrey
[34] conclude that design knowledge should be formulated in “clear, accessible and
unambiguous language”. In connection with the use of language to describe the design
knowledge, Gregor et al. [22] note that hardly any attention is currently paid to the
“people’s aspect” within DPs. These perceptions are also common to the framework’s
authors for reusability evaluation. Iivari et al. [11] claim that DPs should make explicit
who the target community is, which should reuse this prescriptive form of knowledge.

3 Research Approach

3.1 Paper Selection Process

Our procedure for this paper contains two main steps: gathering and analyzing relevant
literature, which is conducted as follows. First, to evaluate existing DSR research papers
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on CAs using the suggested proposal by Iivari et al. [11], we reviewed current work in
design science research, particularly on CAs. To identify relevant literature as the basis
for the systematic analysis, we conducted a systematic literature review (SLR) following
Webster andWatson [35] and vom Brocke et al. [36]. The overall scope of the conducted
SLR can be defined along the dimensions of process, source, coverage, and techniques
of the SLR [36]. We used a comprehensive set of techniques to establish our data set and
thereby the basis for the reusability evaluation (i.e., keyword search, backward search,
and forward search).

Selection of Search String. To identify a wide range of literature on CAs, the search
string is chosen to be rather broad. Based on recent literature reviews (e.g., [6, 7]),
we identified different keywords researchers used to describe CAs. This resulted in the
following search string:

“conversational agent” OR “chatbot” OR “chat bot” OR “interactive agent” OR
“talkbot” OR “virtual assistant” OR “artificial intelligence assistant” OR “smart
personal assistant” AND “design science”

Selection of Databases. For the literature search process in the first phase, we needed
to identify relevant papers for our research paper to test the reusability of DPs. Research
in the context of CAs has recently gained a lot of attention; therefore, we have chosen
to conduct our literature review database-based. To ensure a high quality of the papers
we analyze and evaluate, we relied on highly-ranked databases [37]. We conducted
our search mainly using the following databases: AIS Electronic Library, IEEE Xplore
Digital Library, ScienceDirect, ProQuest, and EBSCOhost. Eventually, we conducted a
final search query using Google Scholar.

Selection of Papers. By searching in the title, abstract, and keywords of the papers, the
database-based search reveals 1032 hits. The identified papers are analyzed based on
their abstracts in an initial screening process. We only included papers that referred to
any type of CAs and presented any kind of design knowledge (DPs, guidelines, or design
decisions). This first screening resulted in a set of 350 papers. In a subsequent step, we
excluded paper that did not conduct design science research, did not report their design
knowledge as well as papers that did not present design knowledge in our chosen context
of CAs. Finally, the forward and backward search was carried out. Through screening
the references and applying forward as well as backward searches using GoogleScholar,
21 articles were added to the set. Thus, resulting in the final number of 86 papers.
After reviewing the search hits, reading through their abstract, and conducting a full-
text search, we reached a total of 35 research papers that we can analyze regarding the
reusability of their DPs subsequently. We excluded many of the articles since they did
not formulate DPs but instead reported the design knowledge differently.

3.2 Paper Analysis

In the next step, we proceeded with our analysis of the selected research papers referring
to the proposal for minimum reusability evaluation of DPs by Iivari et al. [11]. We thor-
oughly read this paper to understand the rationales of the proposal for evaluating DPs
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according to their reusability and the suggested procedure. In this context, we used the
framework for reusability evaluation to analyze our selected set of academic literature
thoroughly and comprehensively. Therefore, we carefully read the selection of DSR
papers on CAs once again, screening for DPs, elements, or artifacts and depicting them
in a structured spreadsheet. Subsequently, we evaluated every single DP, element or arti-
fact suggested in science by assessing them concerning the specific criteria, accessibility,
importance, novelty and insightfulness, actability and guidance, and effectiveness sug-
gested by the authors. Based on the applicability check of IS research from Rosemann
and Vessey [38], Iivari et al. [11] propose a reusability evaluation for DPs as artificats of
DSR. It is important to note that the criteria do not have measurable scales or classifica-
tions; they merely indicate whether the criterion is applicable. Therefore, we decided to
rate each of the DPs on a 5-point-Liker scale and assess whether their reusability would
be low or high.

Furthermore, the framework requires that particular order of the criteria is followed,
and therefore, the reusability framework cannot be called “flat” [10]. In this sense, the
DPs are not considered reusable if one of the criteria is answered with no. We briefly
discuss the individual criteria and describe their content in the following.

The first criterion is accessibility, intended to determine whether the DP has been
formulated in such a manner that a member of the target community can grasp it with
ease and without much effort [10]. Roseman and Vessey [38] also state that accessible
representation is a representation that has adapted tone, style structure, and semantics
to the target audience. If this is not the case, practitioners may not understand the DPs
or their consequences, and they may not find acceptance and application outside the
scientific literature. A possible workaround to enhance comprehensibility and usability
is for researchers to formulate a practitioner-oriented version of their DPs [11]. Although
this suggestion seems to be reasonable, it stands in contradiction to the actual purpose of
DSR [5]. The authors argue that the importance is assessed in terms of the severity and
relevance of the real problems they ultimately propose to overcome [11]. In a similar
vein, importance is interpreted by Roseman and Vessey [38]. Namely, research is to be
classified as being of importance if it “meets the needs of practice by addressing a real-
world problem in a timely manner, and in such a way that it can act as the starting point
for providing an eventual solution” (p. 3). Having a look at the novelty and insightfulness
criterion, it is evident that the novelty is typically assessed by fellow researchers solely
and seldom by practitioners [11]. Thereby, the authors propose that practitioners should
evaluate whether they perceive that the DPs have any kind of impact in a real-world
context and do not only display knowledge that they already know (confirmatory). An
extension of the novelty evaluation to include practitioners seems to make sense to the
extent that research sometimes lags behind practice. Consequently, it is possible that
something that is described as “new and innovative” in research may not be innovative
in practice. This phenomenon was observed, for example, in the development of digital
maturity assessment models and can currently be observed with artificial intelligence
maturity assessment models that were developed instead by consulting firms rather
than scholars. The fourth criterion considers the actability and guidance of DPs. In the
understanding of the authors’ reusability framework, actability refers to the assumption
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that the DPs “can be acted and carried out in practice, i.e., under the control of the
practitioners in question” [11].

Further, they suggest that DPs shall be “realistic to be carried out”. It is important to
note that Chandra Kruse et al. [29] have highlighted that tacit knowledge is compromised
within DPs. In addition, they argue that no set of DPs is adequate to design the proposed
instance without further guidance. Iivari et al. [11] take up this point and add that through
appropriate guidance, this problem shall be addressed without being too restrictive.
Lastly, the framework proposes to assess the effectiveness of the DPs. The authors refer
“to effects or consequences of reusing the DPs in the adopting unit” (p. 12), even though
DPs might have effects at different levels as well. Having these criteria in mind, we were
challenged to change perspectives and neutrally evaluate the DPs from a practitioner’s
point of viewand assesswhether the criteria are fulfilled or not. To facilitate the evaluation
process, we bore in mind the presented example by Iivari et al. [11] and continuously
referred to the more detailed elaboration of the defined criteria to be able to evaluate to
what extent the design artifacts fulfill the criteria for reusability.

4 Results

We organized the findings into two sections. The first section examines descriptive
statistics based on the meta-data of found literature. The second section examines the
reusability of the proposed DPs in the context of CAs.

In total, we have analyzed 35 publications in the context of conversational agents
that apply Design Science methodologies in order to generate design knowledge. The
youngest paper is from 2021, and the oldest paper from 2005. Although at that time,
the concept of DPs had not yet been introduced to the DSR, it was possible to identify
approaches of guidelines in the paper which go in the direction of DPs. Therefore, this
paper was kept in the dataset. Most papers have been published within the last three
years, which supports our initial assumption that CAs indeed represent an emerging
research area in DSR. This argument is underpinned by the fact that most papers are
from conference proceedings, which gives testament to the relative youth of the field. In
addition to distribution along the timeline also a distribution along application domains
is visible within our results. It appears that there exists no application domain, that
appears not suitable for design science research. This is evident from the many different
contexts and application areas in which CAs are used. Further, it is noteworthy that a
multitude of investigated studies is conducted in theHCI discipline, while publications in
IS conferences and outlets are only recently picking up. Next, we provide more specific
insights concerning the reusability of DPs in the context of CAs. In this sense, the
following table summarizes the results alongwith the criteria of the reusability evaluation
framework. Due to space limitations, the table includes only five papers. However, the
analysis and evaluation of the whole data set identified 35 papers suggesting DPs in
any context of CAs as their contribution to research and practice. It is also worth noting
that the sample of papers selected in the following table is drawn entirely at random. In
addition, we do not claim the actual quality of the papers but only examine their DPs.

The results of Table 1 indicate that almost all papers, with Lechler et al. [39] as an
exception, somehow evaluated their DPs. The authors of the four papers demonstrated
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how the principles were implemented in a first mockup [40] or showed how the DPs
were translated into design decisions and then implemented in prototypes [41] or even
executed in the real world [42]. Other evaluation methods used were, for example, user
experience evaluations [43], qualitative experiments [44], focus group discussion [45],
or interviews [46].

Table 1. Evaluation of DPs of expository papers.

Wambsganss
et al. [40]

Winkler and
Roos [41]

Meier et al. [47] Lechler et al.
[39]

Gnewuch et
al. [48]

Design princples 6 DPs for CA
for course
evaluations

11 DPs for
CA for online
educational
context

4 DPs for CAs
in health
awareness
context

6 DPs for CAs
for feedback
exchange

4 DPs for
CAs in
customer
service

Evaluation method Online
questionnaire

Focus group
discussion

Experiment N/A Field study
for prototype

Accessibility Mostly Most of the
times not
clear

Sometimes not
clear what is
addressed

Formulation
quite abstract

Mainly
accessible

Importance Overall
addresses a
real-world
problem, DP
not

DP, not
referring to a
significant
real- world
problem

Overall
important real-
world problem,
DPs not
referring this

Address
mostly an
important real-
world problem

Most of the
DP address a
real-world
problem

Novelty and
Insightfulness

DPs are
somehow
insightful, not
novel

DPs might be
insightful, yet
not very
novel

DPs are
insightful for
the context, but
not very novel

Some DPs are
insightful, yet
not all of them
novel

Novel, regard
to state of
research at
that time

Actability and
Guidance

Rather high
actability and
guidance

Most
probably
actable and
can be carried
out in
practice

Most probably
actable and can
be carried out
in practice

Actability
relatively
moderate

Guidance
within DPs
appropriate

Effectiveness Positive,
online survey
with students

Positive,
experiment

Positive,:
questionnaire

Not sure if
positive

Might affect
adopting unit
positively

Final evaluation Moderate
reusability

Rather low
reusability

Moderate
reusability

Rather low
reusability

Moderate
reusability

Although there are many different approaches to how DPs have been evaluated, they
are rarely evaluated with the help of the target community, which should use the DPs one
day. Instead, most of the evaluations are conducted with the end-user, although many
focus on the artifact that the DP is reflected in rather than the DP itself. For example,
Wambsganss et al. [40] formulated six DPs, which they shaped by applying the DSR
approach of Hevner [49]. The DPs were composed of literature research and interviews
with end-users. Thus, requirements for a CAwere derived from the interviews. However,
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a look at these requirements shows that not all of them are aimed at concrete aspects
of design. To evaluate the DP, the authors of this paper have created a mockup of a
CA. For the design of this CA, they first transferred the DPs into a set of 12 design
features. Unfortunately, the reader is not told how this step is done. Therefore, it is
difficult to understand if the DPs could have been converted into other design features.
Although design features are then used for the mockup, the authors describe the goal of
the evaluation as follows: “The evaluation serves to verify if the DPs are of value to the
lecturers and students and to identify change requests and additional DPs. This would
lead one to conclude that the DPs were evaluated with the later designer of the artifact
(the lecturer), but later in the process, it is explained that the evaluation was done with
the help of 28 students. In their next step, they tested the CA in a real-world setting
with 12 students and one lecturer. However, even this evaluation did not directly aim to
evaluate the DP. In this “proof-of-usefulness” evaluation, the authors tested the CA they
designed against a conventional survey tool.

In their study, Winkler et al. [41] proposed a set of 11 principles for the design of
a CA as a learning tutor. For the evaluation of their DPs, they conducted a proof-of-
concept evaluation in the form of a focus group discussion. With this, they aimed to
check the validity of the requirements as well as the translation into DPs. Similar to the
evaluation conducted by Wambsganss et al. [40] also, these authors did not involve real
practitioners in their evaluation but rather students as end-users of the designed artifact.
This issue can also be observed in other papers.

Interestingly Meier et al. [47] discuss critical findings regarding their DPs after their
evaluation with end-users and experts. However, in their key findings, only the user’s
perception and usefulness are addressed. No further indications of the applicability of
the DPs are given. However, this conflicts with the intended goal of their DPs, which the
authors of this paper state as: “the presented DPs contribute to the information systems
discipline by providing important guidance in designing successful CAs for practical
challenges […]”.

We think that, especially with regard to the comprehensibility of the DPs, it would
be useful to have this tested by a potential user (e.g., CA designer) of the DPs. Further,
our analysis reveals that most of the DPs are not accessible without further explanations.
More specific,many of theDPs contain very specific terms,which are not understandable
for inexperienced potential users. Tavanapour et al. [50], for instance, describe in their
paper that the CA should resemble a social actor. However, they do not elaborate on
what a social actor is or what it looks like. As a result, it is not clear how this DP should
be instantiated. This may ultimately lead to the DPs not being applied for this very
particular reason. Regarding the importance, it can be stated that most of the papers
contain a problem that is important for the real world or the question came from a
real-world problem. We think that this is since in many DSR studies requirements are
also derived from the practitioners or users and therefore are incorporated into the DPs.
However, it must be pointed out that on the level of the DPs, the real-world problem
does not always have priority. Here the question arises, whether it is sufficient that the
set of DPs and their instance address a real-world problem or whether each individual
DP should represent this circumstance.
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With regards to the criterion of novelty and insightfulness, it must be noted that this
is a difficult-to-evaluate criterion. An assessment of the novelty of the DPs presupposes
that the reader is well versed in the field of CAs as well as in the specific context.
Nevertheless, we have tried to evaluate whether the papers are novel or not through
the seniority of the papers and their proposed DPs. However, this criterion cannot be
verified merely by a temporal comparison, such as whether a DP formulated in 2021
takes up a new aspect compared to the previous DPs. In order to be able to carry out
a comprehensive evaluation of novelty and insightfulness, the respective context must
also be considered. It may be that certain DPs have a newmeaning in the context of CAs,
but this design knowledge has already been applied to other instances of artifacts. The
question now is whether the transfer to a new class of systems is sufficiently innovative
and new, or whether more than this “incremental” innovation is needed. Altogether, the
results shown here based on these five research contributions can be transferred to the
entire data set. However, there is hardly a single paper in the entire data set that presents
flawlessDPs. This is problematic from several points of view. First of all, this couldmean
that research, such as the development of taxonomies based on these DPs, also contains
design elements that are not understandable to practitioners. In a subsequent logical step,
the question arises of whom these DPs should be formulated. Our analysis has shown
that the DPs are usually not formulated in an understandable way for practitioners.

Nevertheless, not only practitioners fall back on these DPs. It seems to be a bit worry-
ing that other researchers are not able to transfer theseDPs to their context. Consequently,
it would be possible that research could lapse into creating DPs for each specific use
case.

5 Discussion and Concluding Remarks

Our goal was to address the shortage of integrative perspectives on CA development and
design processes. Thus, we assessedDPs of existing research papers dealingwithCAs by
evaluating their reusability using the framework proposed by Iivari et al. [11]. This shall
contribute to research and practice in a three-foldmanner. First, reviewing the reusability
of DPs in the field of CAs, led to the insight that in DSR, the community is still facedwith
a low level of reusability of DPs. To assess reusability for practice, we left our scientific
perspective and viewed DPs through a practice lens. Our analysis reveals that in many
cases, the evaluation of the first criterion, i.e., accessibility, led to negative assessment
as the DPs were not formulated in a way facilitating to be easily understood by non-
academic readers. This finding is also in line with prior insights [22, 23], which have
already noted that the formulation of DPs needs to be rethought to facilitate sustainable
use in practice. Consequently, we encourage future research to position and formulate
DPs guided by the notion established by Gregor et al.[22]. This bears the potential to
foster transparency and clarity when communicating and conveying design knowledge.
We also anticipate that this will provide more guidance when instantiating respective
DPs into concrete artifacts.

Regarding transferability of design knowledge, themajority of analyzed papers faced
challenges in using DPs to bridge the gap between conceptual scientific knowledge and
its deployment in practice. In this sense, we also think that other approaches are needed to
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evaluate DPs in the context of design efforts. In many research papers, the DPs were not
evaluated according to their usefulness and usability of the designed artifacts, although,
in many research papers, this was the intended purpose of the evaluation. By using
the reusability evaluation framework in a specific context, we show its applicability in
another domain of IS research. This indicates a certain level of generalizability of the
framework, which raises the question of whether the reusability evaluation framework
could benefit the review process of research articles to account for the utility of the
developed Design Science artifacts. Therefore, future research opportunities could be
building up on Ivari et al. [11] by further detailing the single analysis steps to reach higher
levels of intersubjectivity and comparability between individual evaluations. A next step
could be formulating concrete questions that need to be answered in the individual
criteria and thus to move in the direction of a standardized assessment. We believe
that this be very useful for a review process. The DP formulation scheme [22] offers a
promising foundation for enhancing comparabilitywhenassessing the reusability ofDPs.
This could be facilitated by combining and integrating both approaches in a structured
method. However, also the framework for reusability must also be studied critically.
While numerous criteria are available, evaluating DPs using these criteria is not always
straightforward and leaves a great deal of space for interpretation.

Additionally, it should be noted that a DP is only reusable if it meets all requirements;
if one of the criteria, for example, novelty or insightfulness, is notmet, theDP is classified
as not reusable.Wewould like to emphasize that it is feasible for a DP to be reusable even
if the novelty value is not exceptionally high. As a result, a weighting of the criteria or
a revision to the minimal standards for designating a DP as reusable should be explored
in the future.

However, our paper does not come without limitations. First, the scope of this SLR
cannot claim to be exhaustive. However, we intended to reach a representative coverage
ofDesignScience literature in the domain ofCAsby applying a rigorous researchmethod
for searching and analyzing the papers. Second, the indicated reusability and by this the
assessment along the criteria of accessibility, importance, novelty and insightfulness,
actability and guidance, and effectiveness of the DPs are based on our interpretation of
the reported design knowledge in the studies. Thus, a certain residual level of subjectivity
remains as this process involves individual human judgement. However, by assessing
the DPs independently, we aimed to mitigate this issue. Future studies could also ask
CAs designers independently to assess the DPs to prevent subjectivity.
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Abstract. Customers desire convenient, fast, and personalized service encoun-
ters. Hence, service companies deploy self-service technology for online cus-
tomer service. However, as solutions based on Artificial Intelligence cannot reli-
ably answer the full range of requests and the demands on service employees
(SEs) in live chat interaction are high, Hybrid Intelligence Systems (HIS) pro-
vide great potential to overcome current pitfalls by combining the complementary
strengths of artificial and human intelligence. To ensure optimal performance of
this socio-technical ensemble, human-centered design approaches are needed to
realize real-time augmentation of decision-making in chat-based service encoun-
ters. Following a Design Science Research approach, we generate theory-based
design principles (DPs) and implement them in a web-based HIS prototype. We
contribute toHybrid Intelligence researchwith results showing that theDPs enable
task mastery and decision efficiency and provide avenues for future research.

Keywords: Hybrid Intelligence System · Real-time decision · Customer service

1 Introduction

Striving for operational efficiency, companies across various industries deploy automa-
tion technology enabled by Artificial Intelligence (AI) to process the ever-increasing
number of requests in customer service [1, 2]. This development is expected to culmi-
nate by 2025 with 95% of all customer encounters being processed by AI [3]. Thereby,
companies can increase their availability to customers, especially via online customer
service (OCS) channels [4]. However, so far, full automation of online service inter-
actions is not feasible, as narrow AI is not capable of handling all types of customer
requests. Hence, strategies are needed to process the full range of customer requests
while avoiding overload of service employees (SEs). In this context, research and prac-
tice postulate augmentation approaches relying on close collaboration between humans
and AI to execute tasks [1, 5]. For real-time service encounters in OCS, the combination
of AI’s capabilities to rapidly process textual input and provide suitable decision sug-
gestions [6] with SEs’ ability to understand semantically complex content and handle
unforeseen situations, can lead to effective customer request handling with increased
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decision-making efficiency. This augmentation approach can serve to meet customers’
growing demand for personalized service encounters via text-based channels [7, 8]. In
addition, real-time decision augmentation, e.g., displaying suitable information, can help
SEs to rapidly process requests with increasing variability in content [9, 10].

In organizational contexts, the focal concept for augmentation strategies is Hybrid
Intelligence (HI), which proposes the integration of the complementary strengths of
humans and AI in a Hybrid Intelligence System (HIS) for joint task execution involving
hybrid decision-making and hybrid learning [11]. To leverage associated potentials of a
HIS, human–computer interaction (HCI) needs to be designed concerning suitable input
and output formats while meeting human needs for task mastery [12, 13]. However, so
far, socio-technical approaches to design the collaboration between AI and humans for
hybrid decision-making are under-researched [14, 15]. Thus, human-centered design
approaches for AI are needed for the decision-making augmentation of text-based, real-
time service encounters in HIS enabling optimized task performance and hybrid learning
[12]. To address these knowledgegaps,we adopt theSelf-DeterminationTheory (SDT) to
select suitable psychological constructs, ensuring the fulfillment of SEs’ needs. Accord-
ingly, we pursue the following research question: How should a HIS be designed in a
human-centered way to augment real-time decision-making for online customer service
encounters? The goal is to enable augmentation in a HIS to sustain SEs’ task mastery,
efficient decision-making in service encounters and simultaneously meet the require-
ments for hybrid learning. With this study, we present the second cycle of a larger
design science research (DSR) project with the following structure. First, we present
the conceptual background. Second, we outline the research approach by describing the
cycles and steps of the DSR project. Third, the derived meta-requirements (MRs) and
design principles (DPs) are presented and the instantiation illustrated. Last, we present
evaluation results followed by a discussion and conclusion.

2 Conceptual Background

OCS constitutes a pervasive form to deliver intangible services mediated via technology
[2]. To meet customer needs, service is directed toward people or objects [16]. This
service is knowledge-intensive, as SEs need to handle an increasing plethora of diverse
content from explicit (e.g., data) to meta-knowledge (e.g., advice) to make multiple
decisions during request processing [9]. In OCS, AI can enable flexibility in the external
(frontstage) and support in the internal (backend) environment to deliver service [17].
However, the automation of frontstage encounters reduces the success-generating char-
acteristics of social presence and personalization [8, 18]. To overcome this tendency,
AI-enabled agents are designed in a human-like fashion to handle repetitive, simple
requests via natural language interaction [19]. Nevertheless, these AI solutions have yet
to create satisfactory customer experiences for complex, emotional requests. To achieve
improved organizational and individual outcomes, the competencies of AI and SEs are
increasingly integrated [6, 20]. In this context, the concept of HI is adopted to combine
the complementary strengths of AI and humans [11] involving augmentation and hybrid
learning leading to better results than each of the entities could reach alone [21]. For
service encounters, [2] propose the augmentation of SEs invisibly to the customer dur-
ing real-time interaction, to leverage advantageous conditions for service co-creation
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with high synchrony of communication as well as personal support [8, 22]. For this
augmentation scenario, high demands in the form of instant knowledge retrieval for
dynamic decision situations and emotion work should be met [9, 23]. Therefore, AI and
SE can take over different roles: AI can provide analytical insights into the customers’
requests (e.g., solution proposal) and the SE contributes intuition by contextualizing this
information and leading an empathic interaction with a customer [4].

To ensure the success ofHIS, conditions for a high degree of SEs’ taskmastery should
be established during customer interaction. Thus, according to the Self-Determination
Theory (SDT), augmentation should fulfill human desires for autonomy, competence,
and relatedness [24]. SEs should experience the feeling of control over their behavior
and make decisions independent of external conditions, as autonomy promotes the
intensity of post-adoption usage behavior, engagement, and satisfactionwith information
systems (IS) [25, 26]. In addition, SEs should be able to actively interact with the
environment to achieve desired results. By experiencing this competence using IS, SEs’
self-efficacy could be elevated and decision efficiency increased [27].Moreover, building
a relationship (relatedness) with IS due to their social characteristics could influence
SEs’ perceived usefulness of and intention to reuse the technology [28, 29]. As the
consideration of human psychological demands for the design ofHIS is scarce, we utilize
SDT to select suitable theories that help to meet the three basic needs of SEs in OCS.
To promote SEs’ autonomy and competence in dynamic customer interactions with a
variety of interdependent decisions [9], we adopt the Dynamic Decision Theory (DDT)
to support decision-making strategies [30]. Regarding Cognitive Load Theory (CLT)
[31, 32], we integrate insights on the nature of information presentation, as decision
suggestions should be designed considering their load on SEs’ working memory due to
intrinsic, extraneous, and germane factors. Following Advice Response Theory (ART)
[33], the characteristics of advice have an impact on perceived quality. Therefore, to
influence competence, the aspects of efficacy, and feasibility, and absence of limitations
are considered for decision suggestions. To establish relatedness in a HIS, we consider
Social Response Theory (SRT) [34], which states that the use of social cues in IS has
relationship-enhancing effects.

3 Research Approach

To establish a human-centered design ofHIS for organizational augmentation endeavors,
we conduct a multicyclic DSR project. By adopting the interior mode of DSR, we (1)
define and evaluate prescriptive design knowledge to “construct a HCI artifact for a given
problem space” [35, p. 4] and (2) present a designed HIS artifact [36]. To ensure research
rigor, we structure our project by applying the process model of [37] (see Fig. 1). In two
design cycles, we incrementally identify MRs as goal and boundary descriptions of an
artifact and derive DPs providing prescriptive statements [38–40]. To ensure validity in
addressing the identified problem,we iteratively instantiate and evaluate the design of our
HIS artifact in an organization that specializes in selling traineeships and projects abroad
to customers. To address this real-world use case, the HIS is supposed to augment the
processing of customer questions and identification of their interests (where,when,what)
and the recommendation of suitable projects. To do so, in the first cycle [41], we derived
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theory- and practice-basedMRs to define initialDPs for reciprocal augmentation through
hybrid collaborative learning. This mutual learning scenario improves the performance
of AI by SE experts as well as expands novice SEs’ knowledge by AI. As a proof-
of-concept, the tentative DPs were implemented in a web-based prototype with a user
interface (UI). By conducting a wizard-of-oz study, the instantiated design and expected
learning effects for novice SEs could be demonstrated. In the second cycle, covered in this
paper, the design is extended and integrated with aspects for real-time decision-making
augmentation to fully address the problem of this DSR project. In (1) Awareness of
Problem (see Sects. 1 and 2), we reassessed and elaborated on the problem relevance and
need for a solution that integrates hybrid learning and real-time decision augmentation.
For (2) Suggestion, MRs for real-time augmentation for decision-making are derived
based on kernel theories (see Sect. 4.1) [36]. In (3) Development, DPs and matching
design features (DFs) are determined to construct a full-featuredAI-basedHIS prototype
(see Sect. 4.2) as an expository instantiation. For (4) Evaluation (see Sect. 5), following
the risk and efficacy strategy [42], the prototype is implemented to conduct an online
field study with 18 SEs (ten male, eight female) from the described organization. The
study follows a standardized procedure: (1) the setting and prototype are presented; (2)
participants use the artifact to counsel a customer while sharing their screen; (3) a semi-
structured interview is conducted. As the customers are simulated by the research team,
the evaluation is semi-naturalistic. By using three prepared customer profiles with scripts
comprising question-and-answer variations, originality of interactions is ensured. To
evaluate the designed artifact in terms of its applicability, feasibility, and effect on users,
amulti-method approach is applied. Thequalitative interview is structuredwith questions
about demographic data, decision-making, trust in and satisfaction with the prototype,
and changed task characteristics. In addition, quantitative measures of usage behavior
were obtained fromscreen recordings (e.g., frequencyof used functionalities). To analyze
the rich data, a qualitative content analysis of the interview transcripts according to [43]
is conducted, and descriptive statistical methods are applied for the assessment of the
quantitative usage data.

Fig. 1. DSR approach based on [37] with research activities.
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4 Design and Development

4.1 Theory-Derived Meta Requirements

Autonomy and Competence. Following DDT [30], SEs apply strategies to make inter-
dependent and real-time decisions in response to dynamic customer interactions [44].
Under time pressure, individuals make decisions by comparing information of options
based on assigned values to identify an alternativewith the greatest utility [45, 46]. There-
fore, multiple suggestions should be proposed (MR1), presented in sequence allowing
SEs to view alternating combinations (MR2) with relevant utility information (MR3).
To promote comparability, suggestions should be displayed in descending order with
respect to utility (MR4). The AI settings should be adjustable (MR5) to sustain auton-
omy. Besides facilitating decision-making strategies, the nature of information presen-
tation has to be considered, as it affects SEs’ processing ability [47, 48]. According to
CLT, dynamic decision-making induces a high intrinsic cognitive load in SEs due to
the necessity of monitoring the changing customer demands to make punctual decisions
[49]. As this task occupies a significant portion of SEs’ capacity, a low load of presented
information (extraneous cognitive load) is required [32, 45]. By presenting information
in a concentrated format, SEs’ information comprehension can be improved [50, 51].
Hence, a limited number of suggestions should be displayed (MR6) according to the pace
of the changing environment (MR7) and their effortless utilization facilitated (MR8) to
avoid cognitive overload. In addition, characteristics of presented information impact
decision-making [48]. Following ART, SEs’ high rating of advice quality facilitates their
decision-making, whereas discrepancies in expected and provided advice quality impede
decision support [52]. To establish efficacy, the applicability and effectiveness of advice
to solve a problem have to be present [48]. The quality of advice can also be enhanced
by its distinctive workability (feasibility) and presentation of limited risks after its enact-
ment (absence of limitation) [52]. Followingly, insights on the effectiveness should be
provided by revealing the context-specificity of suggestions (MR9). The applicability
andworkability should be established by presenting explanatory information for sugges-
tions (MR10). Reliability of suggestions should be provided to demonstrate the absence
of limitations (MR11).

Relatedness. Advice-related decisions are also influenced by relational aspects such as
respecting the autonomy of the decision-maker [53]. SRT postulates that social attributes
promote a sense of social presence in users and have a positive effect on the intention
to reuse, enjoyment of using, and self-efficacy in use [28, 29, 54]. Consequently, the
appearance of and interaction with the AI should elicit a sense of social presence by
mimicking human sociability (MR12) to promote the establishment of a relationship.

4.2 Design Principles, Design Features, and Instantiation

We present eleven DPs of the type form and function from two design cycles (see Fig. 2)
[55]. In the first cycle, sevenDPswere identified for hybrid collaborative learning, which
combines the augmentationof both human intelligence throughAI andAI throughhuman
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Fig. 2. DPs of cycles one and two with DFs

intelligence [11, 56]. To enable this, the HIS should include customizable settings so that
SEs can individually determine whether the AI learns from them (DP1.1). Furthermore,
the AI should be equipped with a social identity so that SEs perceive it as a collaboration
partner (DP1.2). As instructional support, theHISUI should include explanations of how
theAIworks to increaseSEs’ understanding of how to use it (DP1.3). For hybrid learning,
the process and progress of the task should be observable (DP1.4) and an opportunity
for AI and SE to share knowledge for decisions should be provided (DP1.5). To allow
AI learning, an option for SEs to use or adapt AI suggestions (DP1.6) and the possibility
to feedback the AI should be provided (DP1.7). In the second cycle, four additional
DPs were generated to allow real-time decision-making augmentation. Thus, the HIS
should provide configurable AI settings and the possibility to easily use suggestions to
increase SEs’ task mastery (DP2.1: MR5,8). A manageable number of context-specific
suggestions in sync with the dynamic interaction should be displayed to augment SEs’
decision-making (DP2.2: MR1,6,7). To support SEs’ strategies for decision making,
suggestions should be shown in sequence according to their utility and allow the display
of alternating combinations upon request (DP2.3:MR2,3,4,11). Additional information
about suggestions should be viewable so that SEs can verify their applicability (DP2.4:
MR9,10,11,12).

Based on DFs, we instantiated these DPs in a web-based HIS prototype comprising
frontend and backend (see Fig. 3). The web-based frontend was designed with Boot-
strap and ReactJS to, inter alia, greet users with an avatar that presents a brief usage
explanation (DF1). In addition, setting options for AI support and learning behavior are
provided (DF2). The integrated chat window is based on the open-source framework
Rocket. Chat. The backend generates a ranked list of FAQ suggestions based on chat
interactions using Dense Passage Retrieval (DPR) technology [57]. The DPRmodel was
pre-trained on the Google Natural Questions dataset by Facebook and further fine-tuned
with conversational data from test runs. In the frontend, two FAQ items - including
theme and accuracy in percent - with the highest agreement are displayed (DF3). The
discard-buttons can be used to sequentially display four additional FAQ suggestions with
decreasing accuracy. The copy-to-chat buttons insert FAQ text into the input field of the
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chat window. Detailed information about a respective FAQ can be viewed via the get-
more-info button (DF4). With a counter, points are added (copy-to-chat) or subtracted
(discard), if buttons are clicked (DF5). A feedback field allows entering search terms
to select and submit a FAQ that matches the interaction (DF6). Based on customers’
chat messages, exact keyword-based text matching is performed to automatically record
interests and suggest suitable projects from a database (DF7).

Fig. 3. Screenshot of web-based HIS prototype with DFs

5 Evaluation

To evaluate the augmentation with the HIS prototype and its influence on the work
task, we conducted interviews with 18 SEs after usage. Additionally, we inspected their
usage behavior via screen recordings to supplement the qualitative results. Overall,
SEs indicated that they would continue to use the prototype and highlighted that it is
particularly helpful for SEs who do not have much experience in counseling customers.

DF1. The feeling of relatedness did not emerge consistently, as some SEs perceived
the prototype as a tool and others as a co-customer manager (“he definitely was co-
customer manager because he gave me all the prompts to answer questions” (SE13)).
DF2. The analysis of screen recordings revealed that all SEs approved of support by the
prototype and 12 consented that their data can be used for AI learning via the settings.
DF3.During customer interactions, SEs sent on average 16 (SD: 5;Median: 14)messages
during the customer interaction. 17 SEs used the FAQ answer suggestions via the copy-
to-chat-button at least three times. On average, SEs edited two (SD: 2;Median: 2) of the
suggested responses in the input field before sending them. The analysis of interview
transcripts revealed that SEs were satisfied with the support provided by the prototype,
as the provided suggestions appeared promptly, and the interaction was intuitive due
to the functionalities and layout of the interface. Regarding customer interaction, SEs
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felt supported in their decision-making by provided suggestions, as the information
allowed them to reassure themselves: “it is a good thing to know what is going on and
what could I answer, what are possibilities and what should I focus on. Also finding
out the main point of the question of this customer” (SE5). The decision- making was
further supported by the trustworthiness of suggestions (e.g., SE17: “in 80% of the
times it was the right answer, so for me that is trustworthy”). Their correctness was
reported to be verifiable “[…] when I pressed the get more information button, I could
see what exactly was meant” (SE4). Moreover, “suggestions gave more time to think and
then go into detail” (SE3). However, some SEs experienced delays or hesitation when
suggestions did not match the interaction: “[…] that made the speed of me answering
the question a little bit slower because I had to look for the answers myself ” (SE13).
Also, proposals should be adjusted in wording and capitalized to simplify their use.
Regarding customer interactions, SEs reported that they were able to autonomously
manage them with provided suggestions (e.g., “If I wanted to bring the conversation
in another direction, I would have done it - so it was not forced” (SE11)) and make
independent decisions without feeling constrained (the prototype “[…] is presented in
a way that it was clear that I can work with him, but I don’t have to” (SE15)). In
addition, the prototype assisted them to achieve their goals in counseling the customer:
e.g., “I was able to control the interaction. And I think the counseling was actually better
because of Charlie’s help because he explained things way more detailed than I would
have done” (SE15). However, SEs reported that the personal touch is reduced due to the
provided wording in suggestions. DF4. Overall, an average of six (SD: 2.5; Median: 7)
suggestions were used, whereby the detailed version via get-more-info button (Mean:
3.7; SD: 2.6; Median: 4.5) was used more frequently than the short version (Mean: 2.6;
SD: 2.4;Median: 2). To receive alternative FAQ answer suggestions, the discard-button
was clicked on average 15 times (SD: 10.8;Median: 15). The display of two suggestions
and the option for additional explanatory information via the get-more-info-button were
perceived as helpful “so that you can think in which direction you might go” (SE1). SEs
experienced relief through displayed suggestions and the majority saved time making
decisions, especially by using the copy-to-chat-button: “[…] I just had to copy them,
which affected the speed” (SE14). DF5 & DF6. 16 SEs utilized the feedback function
on average four times, while nine people successfully provided feedback. However, SEs
expressed the need for an adaptation of the feedback function, as it was unclear. DF7.
Concerning the recommendation of projects, the pressure to recall knowledge or search
in parallel to the customer interactionwas reduced as relevant informationwas presented.
Thereby, it “[…] took out the uncomfortable part of working with such a consultation,
which is looking up stuff ” (SE16).

6 Discussion and Conclusion

Our multi-cycle DSR project contributes to HI research [11, 21] by taking a human-
centered perspective to design HIS [12, 13] for text-based, real-time service encounters
[2] in OCS for mutual augmentation [15]. Particularly, we examine hybrid decision-
making and hybrid learning. While we cover the enablement of hybrid learning in the
first cycle, we extend this initial design in the second cycle to sustain hybrid real-time
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decision-making. To address our research question, we derived four additional DPs by
considering relevant theories to define requirements that satisfy SEs’ need for autonomy,
competence, and relatedness. Based on the evaluation, the instantiated DPs successfully
supported SEs’ autonomy and taskmastery in conducting customer interactions allowing
efficient and independent decision-making. The SEs’ feeling of control is supported by
the analysis of screen recordingswhich showed that all SEs used the configurable settings
to approve augmentation by the prototype (DP2.1). However, the evaluation revealed a
high reliance of the SEs on the suggestions (DP2.2) partly leading to uncertainty and
delays. Although SEs could conduct the service encounter without AI augmentation,
they rather clicked the discard-button several times instead of formulating a new answer.
In contrast, one SE only read and verified the suggestions and formulated new answers
based on the provided content indicating a high level of SEs’ autonomy. The need for
competence could be addressed by supporting SEs’ achievement of counseling goals
via suggestions. In this regard, DP2.2 and DP2.3 successfully supported the dynamic
decision situation by showing relevant information. Furthermore, the analysis of SEs’
usage behavior demonstrates an intuitive application of suggestions by using the copy-
to chat button in effortless ways (DP2.1). With this, DP2.1 is the main contributor to
experienced relief, time savings, and efficiency. Moreover, SEs particularly recognized
the usefulness of the get-more-info button (DP2.4), which is supported by the screen
recording results that showed SEs’ preference for the detailed version of suggestions.
Regarding the need for relatedness, the evaluation did not show consistent results, as
some SEs perceived the prototype as a tool and others as a co-customer manager.

All in all, we provide relevant and promising results demonstrating a potential solu-
tion to integrate hybrid learning and real-time decision augmentation within a HIS. We
thereby make a two-fold contribution. First, following [38], we present a nascent design
theory with utility character by delivering a possible solution for the identified prob-
lem and demonstrating improvements in the application field [36]. This contribution
has epistemological implications, as we present DPs about user activity and an artifact
that links prescriptive knowledge about design and action with explanatory knowledge
about effects [40, 55, 58]. Second, we present a designed entity by demonstrating a
full-featured AI-based artifact, which represents one possible instantiation of our design
[36, 40]. Besides the promising results, there are, however, a few limitations to consider.
First, we conducted one semi-naturalistic evaluation episode with simulated customers
without a pre-evaluation of the instantiated DPs. Second, we limited the implementa-
tion and application of our DPs to only one organization. Thus, future research should
implement and evaluate our DPs in various naturalistic environments. In doing so, fac-
tors should be examined causing different usage behavior and decision-making effects.
For instance, while copy-to-chat might increase efficiency, it might also decrease human
attention and learning. Especially when trying to educate novice employees with such
a tool, proper usage of the suggestions needs to be ensured. In addition, SEs’ decisions
should be investigated in terms of quality due to influences of heuristics or biased AI.
At last, as the feedback function was not clear to several SEs, we call for future research
on how to ensure valuable and continuous feedback toward the AI.
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Abstract. Poorly annotated data is a common problem for data-intensive appli-
cations like supervised machine learning. In domains like healthcare, annota-
tion tasks require specific domain knowledge and are thus often done manually
by experts, which is error-prone, time-intensive, and tedious. In this study, we
investigate gamification as a means to foster annotation quality through annota-
tors’ increased motivation and engagement. To this end, we conducted a literature
review of 70 studies aswell as a series of 16workshopswith a teamof six experts in
medical image annotation. We derive a set of seven meta-requirements (MRs) that
represent the desired instrumental and experiential outcomes of gamified expert
annotation systems (e.g., high-quality annotations, a sense of challenge) as well
as a tentative design that can address the derived MRs. Our results help to under-
stand the inner workings of gamification in the context of expert annotation and
lay important groundwork for designing gamified expert annotation systems that
can successfully motivate annotators and increase annotation quality.

Keywords: Gamification · Annotation · Expert annotation · Annotation quality

1 Introduction

Data-intensive applications like machine learning (ML) increasingly require large quan-
tities of annotated data (i.e., relevant metadata has to be added to raw data) [1]. Poorly
annotated training data may decrease the predictive performance of ML models [1],
endanger their instrumental purpose (e.g., adequate camera control in surgeries [2]), or
lead to negative consequences for organizations such as wasted human efforts or rev-
enue losses [3]. To ensure adequate annotation quality, annotation tasks in some domains
require a specific set of skills or domain knowledge and are thus mainly done by experts.
Medical image annotation, for example, is mainly done by medical professionals with
pertinent knowledge about human anatomy [4]. Other examples include the annotation
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of legal documents [5] or fisheries acoustics echograms [6]. Manual annotation is error-
prone [1], as well as time-intensive, monotonous, and exhausting [6, 7]. Thus, it is often
difficult for annotators to stay motivated and engaged with the task, which is however
an important determinant of annotation quality [8, 9]. One approach that has shown
potential to motivate and engage information system (IS) users in various areas (e.g.,
health interventions [10]) is gamification, which is the process of transforming a system
into one which affords more gameful experiences [11]. Here, we look at gamification as
a means to motivate expert annotators and support annotation quality.

While gamification holds great motivational potential, the design of successful gam-
ified expert annotation systems (GEAS) is difficult. In general, gamified IS have to
produce both instrumental as well as experiential outcomes, a design goal that Liu et al.
[12] characterize as meaningful engagement. While identifying desired instrumental
outcomes is usually straightforward [12], the desired experiential outcomes are often
less clear, as they require an understanding of the psychological mechanisms behind
gamification and are highly-dependent on a system’s users [13, 14]. Thus, identifying
desired experiential outcomes is an important first step in the design of any gamified IS
[12, 14]. However, for GEAS, these outcomes remain unclear. While some studies have
given insights into important experiential outcomes of gamified annotation systems (e.g.,
autonomy [15] or system immersion [16]), that research almost exclusively focuses on
non-expert annotators. We argue that those findings are not readily transferable to expert
annotators, as experts fundamentally differ from non-experts in the way they process
information in their domain of expertise [17]. For example, in an X-ray image, a lay-
man would require considerable cognitive effort to grasp depicted anatomical structures,
whereas an experienced radiologist can simply draw on their expertise to swiftly and
precisely recognize anatomical structures and pathologies [4]. Yet, we are only aware
of few studies that investigate GEAS, and those that do focus largely on instrumental
outcomes (e.g., high-quality annotations [18]) or on annotators’ motivation [19], thus
neglecting crucial experiential outcomes like affective-cognitive factors [13, 14]. Given
this apparent lack of knowledge on the desired experiential outcomes of GEAS and
how to design for them, we ask:What instrumental and experiential outcomes make up
meaningful engagement in gamified expert annotation systems?

To answer our research question, we follow a problem-centered design science
research (DSR) approach, where we conduct a systematic literature review as well as
a series of 16 workshops with six experts in medical image annotation. By doing so,
we formalize the desired experiential and instrumental outcomes of GEAS as meta-
requirements (MRs) for GEAS. To further our understanding of the MRs, we also derive
a tentative GEAS design as an inspiration for how to address them. The contributions of
our study are best exemplified by construing design knowledge as a means-end relation-
ship between problem and solution space [20]. First, our MRs advance an understanding
of the problem space in that they represent intended outcomes of GEAS [20] and thus
mark out the purpose and scope of a GEAS [21]. Second, we contribute to a better the-
oretical understanding of gamification by providing insights into its inner workings in
this particular individual and situational context (i.e., expert annotation) [14]. Lastly, our
tentative design provides a step toward the solution space and can serve as an inspiration
for the design of successful GEAS in practice.
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2 Foundations: Gamification of Expert Annotation Tasks

Gamification describes the intentional process of transforming a system so that it affords
more gameful experiences [11]. Despite an overall optimistic stance toward the bene-
fits of gamification [13], research also recognizes that successful gamification design
is difficult. Designers of gamified IS have to identify instrumental as well as experien-
tial system outcomes and delicately balance them to achieve meaningful engagement
[12]. Additionally, the effects of gamification are subject to contextual factors such
as the application context or system users [13, 14]. Accordingly, to design successful
GEAS, we need an understanding of the experiences that gamification has to evoke in
this particular application context (i.e., expert annotation). In annotation systems, these
experiences can represent an important source of motivation [8, 22], whereby increased
motivation of annotators is linked to increased engagement with the annotation task
[7] and ultimately increased annotation quality [9]. Extant research highlights gamifi-
cation’s potential to improve annotators’ performance and motivation [9, 23] and thus
contribute to important instrumental system outcomes (e.g., annotation quantity [18] or
accuracy [22]), but struggles to explain the causal mechanisms behind these effects [9].
Some studies give hints toward important experiential outcomes of gamified annotation
systems, like autonomy [15] or system immersion [16]. However, most of this research
focuses on non-experts [8, 23] or does not discern between expert and non-expert anno-
tators in light of the provided experience [24]. As we argued earlier, these findings do not
easily translate to expert annotators due to their unique characteristics (e.g., difference in
cognitive abilities [17]) and the context-sensitivity of gamification with regard to system
users [13]. Those few studies that investigate GEAS either operate on a conceptual level
[25, 26] or focus on annotation quality and motivation as outcomes [18, 19]. Hence,
research has not been able to tease out the specific experiential outcomes that contribute
to meaningful engagement in GEAS [12].

3 Research Design

Our study adapts theDSRparadigm. InDSR, design knowledge should describe ameans-
end relationship between the problem and the solution space [20]. Here, we focus mostly
on intended outcomes (i.e., goals) of GEAS, which are considered the key conceptual
entity in the problem space [20]. We also propose a tentative design to progress toward
the solution space, but also to help us re-interpret our understanding of the problem space
[20, 27]. As our research context, we chose the medical image annotation domain, for
two reasons. First, the current rise of MLmodels in healthcare (e.g., to assist in surgeries
[2]) has led to a surge in demand for high-quality annotated medical images as training
data. Second,meaningfully interpretingmedical images (e.g., CT scans) usually requires
knowledge only possessed by medical professionals, which makes it a prime example
for a domain where expert annotation is the norm [4].

Our overall approach is guided by the first half of the build-evaluation pattern pro-
posed by Sonnenberg et al. [27] where a continuous evaluation approach is applied
to ensure the usefulness of design decisions ex ante (i.e., before artifact instantiation).
Accordingly, our approach includes two design activities (Identify Problem, Design)
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and two corresponding evaluation activities [27], as shown in Fig. 1. We first consulted
extant literature to derive MRs that represent the desired outcomes of GEAS (Phase 1).
We then conducted a series of 16 workshops (online, average duration 35 min) with six
experts in medical image annotation to evaluate and refine the MRs (workshops 1–8,
Phase 2), build a tentative design that can address the MRs (workshops 9–12, Phase 3)
and evaluate and refine the design (workshops 13–16, Phase 4). Our participants were
all medical students which were research assistants at a research group with a focus on
artificial intelligence and cognitive robotics in surgery, where their main task was the
semantic segmentation of objects in interoperative images from laparoscopic surgery
videos (e.g., instruments, organs). As such, they represented the perspective of prospec-
tive users of GEAS for whom a GEAS experience should ultimately be designed for.
Participants remained the same throughout all 16 workshops.

Fig. 1. Overall research approach

Phase 1: Deriving Meta-Requirements for GEAS (Literature Review). As there
exists little research on GEAS, we started our literature review with a broad database
search for studies on gamification in annotation tasks (Set 1), studies on annotators’
motivation and engagement with medical image annotation tasks (Set 2), and studies
on gamification to increase data quality (Set 3). For an overview of the data collection
process, refer to Fig. 2. We removed duplicates and studies that were not peer-reviewed
or not written in English. Then, we screened the abstracts of all remaining papers, and,
depending on the literature set, excluded papers not about manual data annotation (Sets
1 and 2), papers not about gamification (Sets 1 and 3), papers not about data quality
(Set 3), and, after converging the sets, papers not investigating the quality of data from
a manual annotation process. We engaged with 70 papers, on which we conducted a
manual concept-centric analysis informed by Webster & Watson [28]. We read the full
text of each paper and coded for relevant concepts to compile a concept matrix of the
analyzed literature [28], which aside from some meta-information about the featured
annotation tasks (e.g., what data is annotated and how) mostly centered on featured
instrumental and experiential system outcomes. We synthesized these outcomes, tried to
identify more abstract topics, and iteratively discussed their suitability as MRs based on
how they are targeted by gamification elements and how they contribute to meaningful
engagement. This approach yielded us an initial set of five MRs for GEAS.
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Fig. 2. Literature review: data collection process

Phase 2: Evaluation of Meta-Requirements for GEAS (Workshops 1–8). The first
eight workshops were dedicated to the evaluation of the MRs regarding their accessi-
bility, completeness, and suitability to build further knowledge on [27]. We asked each
participant to share an experience where they were motivated by playing a game. From
this,we compiled 42motivational factors in games,whichwe then grouped and discussed
with our participants regarding their transferability to medical image annotation tasks.
For example, we found ‘rewards’ to transfer nicely (as they provide a feeling that one’s
work is appreciated), but not ‘fast-paced intensive gameplay’ (as this contrasts with the
nature of annotation tasks). We then introduced our initial list of MRs, cross-referenced
them with the compiled motivational factors from games and, after some refinement,
arrived at a set of seven MRs for GEAS (cf. Sect. 4).

Phase 3: Building of Tentative Design (Workshops 9–12). To build the tentative
design, we followed the pattern of expand then contract [29] in workshops 9–12. We
asked each participant to share which gamification design features they would want to
have in a GEAS and prioritize them regarding their perceived importance. From this, we
compiled 63 design features (most of which were features that had previously emerged
from the workshop discussion or were inspired from games), which we consequently
grouped and discussed in the whole group regarding their relation to the MRs as well as
priority compared to other features. Based on our insights up until this point, we created
mockup designs that represented the design decisions we deemed suitable to satisfy the
MRs (i.e., contribute to the outcomes represented by the MRs).

Phase 4: Evaluation of Tentative Design (Workshops 13–16). Lastly, in workshops
13–16,we evaluated themockup designs regarding their accessibility and their suitability
to address the MRs [27]. We presented them to our participants and elicited open-ended
feedback through focus questions (e.g., ‘what do you like/dislike about the mock-ups?’)
[29]. We discussed concerns or conflicting views on features and iteratively refined the
design. For example, our participants remarked that the initial mock-ups were too text
heavy. Hence, we opted for icon-based solutions where applicable. Our final design
consisted of 24 gamification features in five categories (cf. Sect. 5).
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4 Meta-Requirements for Gamified Expert Annotation Systems

MR1 – Annotation Quality: A GEAS must support high-quality annotations. The
ultimate goal of annotation is to produce high-quality annotations that can add substan-
tial value to the annotated raw data [1]. What constitutes good data quality is subjective
and context-dependent [3]. Thus, data quality is usually considered to be multidimen-
sional [30]. To this end, our reviewed literature and our annotators seemed to align their
understanding of annotation quality mostly with the dimensions of accuracy (i.e., the
conformity of a recorded value with the actual value [30]) and consistency (i.e., the
degree of adherence to defined syntactic and semantic rules [30]). Our annotators as
well as literature largely represented the attitude that gamifying an annotation system
entails dangers to annotation quality [e.g., 31]. Accordingly, we highlight that when
gamifying an expert annotation system, its utilitarian purpose should be uphold [8], and
consolidate annotation quality as the key instrumental outcome of GEAS.

MR2 – Comprehensibility: A GEAS must be comprehensible. A GEAS should be
comprehensible for two reasons. The first reason is to avoid a cognitive overload, which
can result in adverse effects for bothmotivation [31] and annotation quality [32]. Accord-
ing to cognitive load theory, all novel information first has to be processed by a lim-
ited working memory, whose utilization is described as cognitive load [17]. Annotation
tasks intrinsically have a high cognitive load [7], which gamification elements can fur-
ther increase by being complex stimuli [32], by inducing a multi-task scenario [31] or
by choice overload [15]. Second, comprehensibility is important for the acceptance of
a GEAS. Medical experts generally exhibit low acceptance of new tools, when they
are perceived as distracting or complicated and effort-increasing [33]. Our annotators
described a scenario where they had to use a new annotation tool that ultimately sub-
stantially increased the annotation effort for them. They described this experience as
irritating and infuriating, which in turn decreased their motivation to annotate and their
acceptance of the new tool. To avoid such issues, literature recommends the design of
easy-to-use interfaces that do not complicate the annotation process [34]. As gamifi-
cation elements can distract from the main annotation task or affect the ease to use a
system [26], we argue that these considerations translate to GEAS.

MR3 – Challenge: A GEAS must provide a sense of challenge. For experts, anno-
tation tasks may be cognitively taxing, but usually not difficult per se [24]. According
to flow theory, when a high level of challenge and high level of skill get harmoniously
blended, individuals enter a state of flow [35] which is associated with more willingness
to spend time and effort in annotation tasks [16]. However, expert annotators usually
have a level of skill that far outreaches the difficulty of an annotation task. They are
thus susceptible to drifting into a state of boredom, which can cause the motivational
effects of gamification to quickly wear off [22]. One intuitive solution to boredom is to
increase the task difficulty [25], for example by having users annotate more difficult data
instances [22, 24]. To this end, our annotators cautioned us that increasing difficulty can
be demotivating if it involves introducing ‘weird tools’. Thus, it is important to recog-
nize that challenge captures the idea of difficulty, particularly as it relates to a sense of
accomplishment [35], and not to overcoming increased functional complexity.
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MR4 – Self-efficacy: AGEASmust evoke self-efficacy beliefs. Our annotators exhib-
ited a strong desire to know about their current progress during annotation, an attitude
also reported in our reviewed literature [15, 36].While showing annotators their progress
can indeed have positive effects [8, 26], it can also be demotivating when large numbers
of annotations seem unachievable [36]. The moderator in play here is self-efficacy (i.e.,
an individual’s perception of howwell they can execute courses of action required to deal
with prospective situations [37]). In line with self-efficacy theory, it can be essential to
always make annotators perceive their own performance as satisfactory, irrespective of
their actual performance or skill level [9]. Concerning this matter, experts may be subject
to the Dunning-Kruger effect, which describes a phenomenon where high-performing
individuals, like expert annotators, underestimate their own proficiencies and thus have
low self-efficacy beliefs [38]. To assess their self-efficacy, annotators generally rely on
their confidence in the perceived quality of past annotation [38]. But, it is often hard for
annotators to assess the quality of their own work, either because it is not made available
to them [36] or because there is no ground truth to compare provided annotations to
[34]. This may exacerbate the Dunning-Kruger effect, thus consolidating self-efficacy
as a MR for GEAS.

MR5 – Social Experience: A GEAS must make its users experience meaningful
social relationships. As annotation tasks are usually done in teams, social mechanisms
like peer recognition [16, 26] or competition [24] play a key role for annotator motiva-
tion as well as annotation quality [16]. But not all social interaction is motivating for
annotators. Competition for example may cause annotators to work harder [22], but may
demotivate them if it is unwanted [8]. This resembles the tenet of self-determination
theory (SDT) that a key part of motivation is the experience of social relationships that
are meaningful (i.e., relatedness [39]). For experts, this may even more so be the case,
as they are usually highly specialized in an area (e.g., radiology [33]) and thus can have
difficulties to find peers that are on the same level as them. In line with this, our anno-
tators were averse to the thought of ‘winning against other annotators’, as they feared it
may drive animosity into the team and thus damage feelings of relatedness.

MR6 – Purpose: A GEAS must instill a sense of purpose. Ideally, annotation would
be done by dedicated experts that have an inherent interest in the annotation task [18].
However, annotators usually do not benefit from the annotated data [26]. This may
give rise to a situation akin to the principal-agent problem from economics, where the
interests of annotation task giver and annotators interests and thus their preferred courses
of action differ [40]. While the task provider (i.e., principal) is interested in meticulously
annotated data, the annotators (i.e., agents) may be interested in other things like getting
paid [22] or exerting as little effort as necessary [33]. We argue that in GEAS, this
should be tackled by providing annotators with a sense of purpose. Literature suggests
that giving actions a meaning can motivate annotators (particularly altruistic ones) [8],
and a more meaningful framing may lead to higher annotation quality [9]. A discussion
with our annotators exemplified this: they remarked that they would not want to annotate
if they knew that their annotations would be destroyed immediately after creation, even
if they would be paid. Yet, they could imagine annotating for no pay if the annotation
contributed to ‘something great’ like saving people’s lives.
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MR7 – Autonomy: A GEAS must satisfy its users’ need for autonomy.
Annotation systems often have to control annotators’ behavior in specific ways to ensure
annotation quality [34] and are thus usually not autonomy-supporting. However, our
reviewed literature recognizes autonomy as an important moderator of gamification’s
effect on annotators’ motivation [15], and recommends to avoid inducing pressure to
use a gamified annotation system [8]. According to causality orientation theory, anno-
tators may differ in the extent they perceive feedback as informational or controlling
[9]. Feedback perceived as informational may result in better annotations [9], whereas
feedback perceived as controlling can undermine autonomy and thus motivation [34].
Concerning this matter, our annotators remarked that experts, due to the competences
in their field, often exhibit a certain pride with their work and thus do not appreciate
being forced to behave in a certain way. This suggests that experts’ lean more toward
perceiving gamification as controlling, thus emphasizing the importance of autonomy.

5 A Tentative Design for a Gamified Expert Annotation System

Our tentative design includes those design features (DFs) that we think are suitable to
address MR1 to MR7. An example mockup design can be seen in Fig. 3. To support
comprehensibility (MR2), we visually sectioned off most gamification elements to the
sidebar so they would not interfere with the actual annotation process (cf. MR1).

Fig. 3. Mockup design

DF1 – Challenges and Reward Shop. The first feature in our design are daily chal-
lenges that involve goals to encourage careful and accurate annotation (e.g., “annotate 10
imageswith at least 90%of pixels annotated”) and can thus serve as an interest alignment
mechanic to tackle the principal-agent problem in annotation (cf. MR6). Completing a
challenge yields virtual currency, which can be spent in a reward shop (not shown in
Fig. 3) to gain cosmetic rewards that allow annotators to express themselves and thus
foster autonomy (MR7).
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DF2 – Progress and Statistics. To support self-efficacy (MR4), our design includes
progress indicators and statistics about the annotation process that show annotators that
their actions lead to certain outcomes. Only an easy-to-grasp progress bar and a small
selection of statistics—which annotators can customize themselves to support autonomy
(MR7)—are visible at all times. More extensive statistics are available on demand. This
way, our design regulates the cognitive load of annotators, and ensures that statistics are
not distracting from annotation, which supports comprehensibility (MR2).

DF3 – Badges. We include two kinds of badges in our design. First, permanent badges,
which are available at any point in time and mostly represent long-term, effort-based
tasks (e.g., “annotate one image daily for three months”). These contribute to a sense
of purpose (MR6) by providing annotators with meaningful long-term goals. Second,
we include seasonal badges, which are available only during specific time frames (i.e.,
seasons) and mostly represent short-term, performance-based tasks (e.g., “annotate 300
liver images in the current season”). The dichotomy of badges ensures that all annotators,
regardless of skill level, always have a challenging, yet achievable goal to work toward,
which mitigates boredom and fosters a sense of challenge (MR3).

DF4 – Social Functions. Our design includes several social functions to address anno-
tators’ desire for meaningful social relationships (MR5). Annotators can showcase
obtained badges in their profile to demonstrate outcomes of their actions to their peers,
which supports self-efficacy beliefs (MR4). Additionally, to support a sense of purpose
(MR6), we allow annotators to see the online status of their peers, which can remind
them that they are part of a greater team that works toward a bigger, more meaningful
goal than they can individually reach. Annotators can also interact via text chat, which
they can opt out of, if they do not want to socially engage or do not want to be distracted
during annotation (MR2). Thereby, we allow annotators to stay self-determined, which
ensures social interactions to stay meaningful (MR5) and fosters autonomy (MR7).

DF5 –Energizers. Lastly, we include energizers, which are self-contained purely hedo-
nic activities (i.e., minigames) that can break themonotony of annotation tasks and allow
annotators to reset their cognitive load (MR2). Annotators can trigger these by using
tokens, which they accumulate amaximumof two over time. This ensures that energizers
do not disrupt the annotation flow (cf. MR3) by allowing annotators to trigger them on
their own volition (cf. MR7). Annotators cannot start a session with an energizer, as this
goes against their purpose as amental break. Annotators may compare their performance
in the energizers on leaderboards. This way, our design leverages themotivational effects
of competition as a form of social interaction (MR5), without jeopardizing annotation
quality (MR1) through annotation performance-based competition.

6 Discussion and Conclusion

Overall, the findings of our study help to better understand the problems associated with
the design of successfulGEAS.OurMRsdemonstrate that expert annotation is a complex
context for gamification, where the gameful experience has to be carefully carved based
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on the unique characteristics of experts while not neglecting annotation quality. From a
DSR perspective, our findings emphasize the importance of putting adequate effort into
the exploration of the problem space to ensure the usefulness of prospective artifacts [20,
27]. They also highlight the inevitable intertwinement of the problem and solution space
in DSR projects, as we found that our efforts toward a solution also allowed us to reflect
and reinterpret the underlying problems [20]. We think our MRs help to understand the
purpose and scope of GEAS and thus serve as an important baseline to a design theory
for GEAS [21]. Our findings also highlight the important role of behavioral theories as
descriptive justificatory knowledge [21]. By drawing on theories from various domains,
we think that we were able to increase our understanding of the underlying design
problems and substantially strengthen our MRs.

From a gamification perspective, our results reaffirm that expert annotators require
a different experience than non-expert annotators, and thus demonstrate the context-
sensitivity of gamification regarding system users [13, 14]. One interesting point was
that although our annotators generally liked the idea of adapting the developed GEAS
design in their daily work, they also said they would feel uncomfortable to present it to
medical professionals. While this discomfort may stem from the healthcare background
of our annotators (as health topics are sensitive and deserve a serious and professional
tone), it may also be generally related to experts as the users of gamified IS. As Lowry
et al. [41] suggest, many assume that gamification is about games, and that professionals
do not deal with games, but rather “stick with austere, tried-and-true, business-like
topics free from any trace of play” [41]. We think that designers of gamified IS should
be mindful of this attitude, as it may complicate the already sometimes difficult job to
demonstrate the benefits of gamification to stakeholders [42].

As a limitation of our study, we acknowledge that including only six participants
from the same organizations in our workshopsmay have limited our ability to triangulate
data (i.e., collect different perspectives). Future researchmay find it beneficial to increase
the sample size or collect data from multiple organizations. Another limitation of our
study is the lack of an artifact instantiation. While we tried to ensure the usefulness of
our artifacts through ex ante evaluations, we acknowledge that vast design knowledge
can emerge from instantiating an artifact in practice [20, 27]. Thus, a logical next step
for future research would be to instantiate real-world artifacts of GEAS and put our
results to the test in the instance domain. Future research may also find it beneficial
to formulate GEAS design principles that can serve as prescriptive knowledge that is
neither too broad nor too lengthy to be actionable for designers [43].

To conclude, in this study, we explored gamification as an innovative approach to
increase the motivation and engagement of expert annotators and increase annotation
quality. Following a problem-centered DSR approach, we derived seven MRs that rep-
resent those experiential and instrumental outcomes that we think make up meaningful
engagement in GEAS.We also derived a tentative design that showcases how the derived
MRs could be addressed. Overall, our study helps to understand the inner workings of
gamification in the context of expert annotation and thus lays important groundwork for
future research on GEAS as well as the design of successful GEAS in practice.
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Abstract. Healthcare is a relatively mature industry field that still has wicked
problems. Design science research can help identify non-optimal processes and
work practices and suggest redesign and digitalization efforts. Elegant technical
solutions to these problems require that design science researchers collaborate
with transdisciplinary teams. This track for DESRIST 2022 encourages scholars
to submit multidisciplinary submissions with novel solutions to health and social
well-being problems on the individual, group, organization, population, country,
and world level. The papers in the track include the application of artificial
intelligence, the creation of mobile apps for issues such as depression and blood
do- nation, and submissions on contemporary topics such as COVID-19 and
refugee problems. We identify three subjects that require more research from the
DSR community: cost-effective solutions, knowledge management, and long-
term evaluations.

Keywords: Healthcare ∙ Quality of life

1 Purpose of the Theme Track

Healthcare is afflicted with many wicked problems, with the current Covid-19 as a
concrete contemporary example. Elegant technical solutions to these problems require
that technical professionals collaborate with multidisciplinary teams consisting of
government officials, policymakers, healthcare providers, and mental health specialists.
The most critical but often ignored stakeholder and actor is the patient. There are often
complicated relationships between medical providers, IT, and administrative personnel
in healthcare organizational settings. These all are further divided into powerful sub-
groups. A feasible solution in one environment seldom works in others, and organi-
zational boundaries are rarely respected. In such scenarios, wide-reaching integrative
solutions are required. Our call for papers encouraged transdisciplinary submissions
with novel solutions to health and social well-being problems on the individual, group,
organization, popula- tion, country, and world level. Ideally, proposed artifacts are
generalizable across multiple environments, with documented positive impact.
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2 Design Science Research for Healthcare Systems and Quality
of Life

The submissions to our track included the application of artificial intelligence in the
healthcare and well-being field. The received submissions indicate that artificial
intelligence is a hot topic. On the other hand, many trendy topics from a few years ago,
such as big data or process re-engineering, gained less attention. Most research in the
field seems to assess issues from the clinical and health point of view, with topics such
as system integration, application portfolios, and IT governance lying in the back-
ground. At the very end, we might see the famous metaphor of the archipelago of
disintegrated IT solutions, a real risk we as a research community must also take into
attention.

Managing the immense amount of data and information on health and well-being
demands constant research attention. Problems vary from the basic elements of getting
analog information into digital ones to comprehensive solutions in knowledge man-
agement. Again, knowledge management was not present in our research topics. In
between, we saw efforts to systematize and more effectively exploit available data, but
usually in the context of some limited clinical or social problem.

Submissions included the creation of mobile apps for issues such as depression and
blood donation. Finally, we saw submissions on contemporary topics such as COVID-
19 and refugee problems. It is encouraging to see steps to understand health and well-
being as a relatively broad topic area, reaching beyond classical physical health. We
hope that the research community will extend its activity in this field, as health and
societal problems often have a multidimensional and complex set of issues behind
them.

Healthcare is a relatively mature industry field. It is rather easy to identify current
processes and work practices established and widely used but not optimal and suggest
redesign and digitalization efforts; a reasonable basis for using research methods such
as design science. Short-term successes are easy to document, such as more effective
use of resources or faster throughput of shorter turnaround times. The long-term effects
of different health aspects take more time to mature, especially at the population level,
so evaluation and assessment of research findings should be carefully done, remem-
bering the long time needed for a final evaluation.

A somewhat neglected topic in the field is that of costs: economics and business
models. We could build a perfect healthcare environment, including excellent pro-
cesses supported by outstanding information system solutions. The remaining problem
is the affordability of these solutions. Admitting that clinical systems are at the core of
medical activity, we should simultaneously encourage more research into administra-
tive and other background systems in the healthcare and social fields.

Healthcare is heavily regulated and includes a lot of normative guidance from
various parties on how things must be done. The field calls for multi-professional
cooperation and integration. Our submissions show that good results are achieved in
collaboration among medical, IT, and other professionals. Understanding this complex
and heavily regulated domain area remains a challenge for IT researchers. IT solutions
are often a mystery for many medical and social science professionals. Constant
articulation work between these groups is needed.
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Abstract. After being granted asylum in European countries, refugees
need to go through a multitude of administrative processes before they
can participate in society. However, these processes are often challeng-
ing, as refugees struggle to understand them, lack instructions for man-
aging paperwork, and do not possess the required language skills. Prior
research emphasizes the role of information and communication tech-
nologies to simplify and enable refugee-friendly administrative processes.
However, recent research and existing applications mainly focus on infor-
mation retrieval and do not offer assistance for understanding official let-
ters, completing administrative forms, and managing corresponding doc-
uments. Furthermore, refugees are often reluctant to use existing appli-
cations as they do not trust their host country’s governments and public
authorities. In this research, we aim to address this functional and trust
gap. We follow a design science research approach to develop a design for
a refugee-centric and trustworthy mobile application that assists refugees
along administrative processes. In doing so, we identify three design prin-
ciples that may guide the development of such applications for refugees.

Keywords: Refugees · Trust · Document management

1 Introduction

Global conflicts, human rights violations, and social injustice regularly force
enormous numbers of refugees out of their home countries towards Europe [33].
After being granted asylum in their European host countries, refugees typically
have a hard time participating in and integrating into society [1,2]. They must
go through a series of administrative processes to gain official identity docu-
ments, which justify their status and access to public and private services [1]
that they would otherwise have difficulties obtaining [18]. However, these pro-
cesses are often hard to complete for refugees due to language barriers, missing
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instructions, or a lack of understanding of their required contributions [2]. Fur-
thermore, refugees frequently struggle to manage the quantity and diversity of
official documents that they receive throughout these processes.

Prior research emphasizes the potential of information and communica-
tion technology (ICT) to make such processes more refugee-friendly and lower
the barriers to social inclusion [2,18,24]. Research particularly focuses on web
and mobile applications that enable refugees to retrieve important information
related to administrative processes, healthcare, living, and the local commu-
nity in simplified language and with an intuitive design [1,29]. While these
applications may be helpful for understanding the structure of administrative
processes, they currently do not provide support with document management,
which ranges from distinguishing and understanding official letters to complet-
ing administrative forms and managing corresponding certificates. Consequently,
most refugees still depend on the help of refugee assistants to complete admin-
istrative processes, which limits refugee’s agency, i.e., “people’s capacity to act,
either individually or collectivel” [13] and perceived self-efficacy [1]. More impor-
tantly, refugees often do not trust their host country’s public authorities because
of negative experiences in their home-, transit- or even host countries [14]. Some
refugees are also hesitant to use ICT provided by public authorities, as they fear
surveillance and disclosure of personal information that had been used for per-
secution in their past [8,18,28]. As such, trust is a prerequisite to the refugees’
adoption of ICT provided by their host countries.

Adequate ICT solutions need to consider these concerns in their design. They
need to give refugees more agency in handling their documents and should foster
trust in their host countries’ governments [2,8,21]. Acknowledging AbuJarour et
al.’s [1] call for research on the design of trustworthy ICT to facilitate adminis-
trative processes, this research investigates the following research question: How
to design a user-centric and trustworthy mobile application that assists refugees
in administrative processes?

To answer this research question, we follow a Design Science Research (DSR)
approach [26] and develop a design for a mobile application that assists refugees
along administrative processes. In doing so, we build upon literature on ICT for
refugees as well as institution-based trust. Our design is informed by nine ex-
ante interviews with government officials and fourteen ex-post interviews with
refugees and refugee assistants, which helped us ensure relevance and rigor. From
our final design, we infer three design principles.

2 Background

2.1 The Role of ICT for Refugees

Following their arrival in European host countries, refugees have to complete
many administrative procedures to obtain a residence permit, access health-
care, or have educational credentials recognized [1]. As an initial step, refugees
typically complete an asylum procedure, which entitles them to access such
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basic services. While refugees are often guided throughout the asylum proce-
dure by authorities for migration in Europe, subsequent procedures are not
directly tailored to refugees anymore, and thus can be even more challenging [25].
They are often complex and may appear arbitrary for those who are not famil-
iar with the system. Not least as many administrative processes in European
countries are still paper-based [1]. In particular, refugees often struggle with
understanding paperwork, not only because of language barriers but also due to
intricate bureaucratic complexities [2,25]. Refugees are also often missing guid-
ance concerning contributions they have to make themselves and various process
steps [2,25].

Integrating ICT into administrative procedures can help refugees navigate
integration procedures [1]. Yet, while applications exist that support refugees in
accessing important information and identifying themselves, we could not pin-
point solutions that assist refugees along administrative procedures and help
them manage official documents. Moreover, we found that many existing appli-
cations pay too little attention to accessibility for refugees. This is problematic
as refugees may have difficulties using interfaces that do not match their levels
of digital literacy or have reading directions that only follow European speci-
fications [29]. As a result, improperly designed ICT may also lead to (digital)
exclusion. Thus, further research is required on refugee-centric design [1].

An approach to such refugee-centric design is the integration of increased
agency [1,2,29]. For instance, mobile apps for refugees can improve accessibility
of vital information concerning areas such as healthcare, public administration,
education, or everyday life [29]. Mobile applications can provide digital adminis-
trative forms including additional instructions to lower barriers for understand-
ing. Mobile apps can also support refugees with identification and authentica-
tion, as currently pursued by the UNHCR [18]. However, when using ICT that
process personal data, refugees may also face risks of data abuse, discrimina-
tion, and surveillance [8,32]. So-called digital wallet apps, can mitigate privacy-
related concerns and even grant independence of public institutions in managing
identity-related documents [5]. These apps promise refugees a high degree of self-
efficacy, control, and privacy regarding their identity information [5,27].

2.2 Antecedents of Institution-Based Trust

As prior research illustrates, trust and distrust beliefs towards an institution
can have a significant impact on the trustee’s adoption of digital services and
technologies [20]. For our particular research, this effectively means that a suc-
cessful application for the support of administrative processes and management
of official documents has to enhance refugees’ institution-based trust and reduce
their institution-based distrust.

Trust is commonly associated with “the willingness of a party to be vulnera-
ble to another party’s actions based on the expectation that the other party will
perform a particular action” [9, p. 3]. Most citizens in Europe trust their gov-
ernments and public authorities to lawfully and reliably deliver public service.
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However, many refugees typically do not have such institution-based trust as
they have been persecuted by public authorities in their home countries [9,14].

The formation of such institution-based trust typically depends on three fac-
tors: the institution’s perceived integrity, the institution’s perceived competence
for reliable action, and its intention to act in a benevolent manner [21,23]. If
a trusting party, such as refugees, believes that an institution will not act with
integrity and in a competent and benevolent way, trust will decrease or even
be undermined. Such lack of trust may even stimulate the emergence of dis-
trust [21]. Distrust manifests itself when there is a “lack of confidence in the
other, a concern that the other may act as to harm one, [...] not [caring] about
one’s welfare [...]” [10, p. 240]. Like trust, distrust also comprises three dimen-
sions: deceit, incompetence, and malevolence [21,23]. Importantly, a lack of trust
does not automatically lead to distrust [23].

3 Research Method

To develop our artifact – a design for a refugee-centric and trustworthy mobile
application which we call the “Refugee Wizard” – we adopted a DSR app-
roach [12,26]. In doing so, we followed the proposed DSR process model of
Peffers et al. [26]. The process starts with the problem identification. To do
so, we conducted nine qualitative and semi-structured ex-ante interviews [30]
with government officials that are regularly in touch with refugees. With these
interviewees, we discussed problems that refugees typically encounter while deal-
ing with administrative procedures. We identified two main problems: the lack
of refugees’ agency in managing their official documents and administrative pro-
cedures, and weak institutional trust or in some cases even distrust. Thus, our
Refugee Wizard intends to support refugees in effectively managing their official
documents and mediate trust concerns.

Subsequently, we structured and condensed our insights into design require-
ments – generic requirements that any artifact aiming to solve the underlying
problem class should meet – for an application that could assist refugees [7,
22,31]. In addition to the interviews, which ensure the practical relevance of
our research, we investigated literature on the role of ICT for refugees and
institution-based trust and distrust. This warrants the rigor, validity, and effec-
tiveness of our research [36,37]. Based on the design requirements, we developed
and iteratively refined our artifact. We first translated the identified require-
ments into design features which represent the technical specifications and com-
ponents of our solution [7,22]. Thereafter, we instantiated the design features
into a paper-based prototype of our Refugee Wizard, to help demonstrate our
design.

For the demonstration, we presented the paper-based prototype to refugees
and refugee assistants and discussed with them the design features of our solu-
tion. These interviews also served as a basis for the evaluation of our design [34].
Overall, we conducted 14 ex-post interviews with three refugees and eleven
refugee assistants – who support refugees along administrative processes on
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a regular basis – to gain feedback from an end-user perspective. In particu-
lar, we discussed the design features and the Refugee Wizard’s usability and
trust-enhancing qualities, as well as potentials for improvement. The interviewed
refugees were selected from B1 German classes and had successfully completed
their asylum application. This enabled relatively fluent conversations on the
topic without additional translators. Refugee assistants were selected from local
non-governmental and church organizations as they had the most contact with
refugees throughout and after the asylum process. They were also often famil-
iar with current technical applications for refugees. After each interview, we
evaluated the feedback and adapted our design features and paper-based proto-
type, if necessary. The interviews enabled us to abstract our design into design
principles that provide explanations for how our design features address the
identified design requirements and provide a solution to our underlying problem
class [7]. More specifically, the design principles offer generalizable guidelines on
how to design applications that assist refugees along administrative processes
and generic capabilities that may technically support trust [3,11,22].

4 Design and Development

4.1 Design Requirements

Our ex-ante interviews as well as the literature outlined in Sect. 2 provided us
with six design requirements for our Refugee Wizard. More specifically, they
highlighted the potential for increased agency of refugees through the use of
ICT [19,24]. Most refugees are currently relying on information provided by gov-
ernment officials or refugee assistants without the ability to “fully participate [...]
and control their own destinies” [2, p. 406]. This does not only create exclusion
from the society of their host countries but also takes a mental toll on refugees
who find it “difficult to accept help – from a cultural perspective – as they do
not want to appear weak” (Gov 7). Thus, granting refugees control of documents
and information flows (DR 1) is a cornerstone of a refugee-centric ICT design in
order to prevent the development of distrust beliefs towards host governments
and supporting organizations [6]. An increased availability of relevant documents
for refugees (DR 2) helps them navigate unfamiliar government procedures and
information environments [6,16]. To date, refugees often do not know “what they
have to fill in, why they have to fill it in, and where to put the filled in docu-
ment” (Gov 1). Indications of completeness of documents (DR 3) and an overview
of documents and information flows (DR 4) may enable refugees to better under-
stand these requirements, the current state of their respective procedure, and for
which documents their identity-related information is needed. Understanding the
required documents and processes (DR 5) also helps refugees to be “much more
accepting of administrative processes – regardless of how positive or negative
the outcome” (Gov 5). Thus, knowledge and understanding can ensure refugees’
trust in the integrity of government agencies and supporting organizations. An
increased efficiency of data exchange for refugees (DR 6) may also improve the
interaction with and perceived competence of government officials and public
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institutions, and thus the trust they place in them. Indeed, should documents
be lost or incomplete, refugees may more easily find the “receipt that shows
[that] documents have been complete upon submission” (Gov 5).

4.2 Design Features and Instantiation

Guided by our design requirements, we developed design features that were
directly relevant for the design of our refugee-centric and trustworthy mobile
application [22]. Overall, we identified eleven design features, which either
directly concerned document management or increased agency as well as inclu-
sive or culture-specific adaptations of our Refugee Wizard. As a first step towards
more knowledge about governmental procedures in their host country, explana-
tions of unknown procedures (DF 1) is an important design feature. That is, infor-
mation in official documents, which is often hidden behind formal bureaucratic
language to conform with formal requirements of government documents [4], is
didactically reduced to the essential points. To access this information, official
documents can be enhanced with QR-codes. Refugees can scan a QR-code pro-
vided on a paper-based document with their Refugee Wizard that automatically
allocates (DF 2) a digital version of the document into pre-structured document
folders (DF 3) within the relevant application (Fig. 1). These folders concern
key areas in the refugees’ journey through the administrative processes of their
host country, for instance housing, transportation, or health [1,29]. Since refugees
“[often] have no idea of folder structures” (RA 5), the pre-structured folders also
help refugees to organise their physical documents in folders. In case of success-
ful submission or presentation, another QR-code provided on the receipt issued
by responsible government agencies can mark the respective digital document as
completed by changing its color to green. This constitutes the integration of a
checklist (DF 4) to help refugees assess their progress in a procedure and under-
stand the relevant details. Such checklists could also provide information on the
due date of document submissions and the intended recipient of a document.

While this design may already allow for more agency, refugee applications
also need to consider different levels of literacy (DF 5), i.e., not all refugees can
read and write [16,27]. To limit discrimination, refugees can choose between
written language and sign language combined with audios as basic settings.
In both cases, availability of the refugees’ native languages is important. This
not only includes translations of all information but also culturally appropriate
presentation of information (DF 6) - such as where information is being provided
- to make the user journey more intuitive. Likewise, automation and a simple
interface enable the consideration of different levels of digital literacy (DF 7), as
many refugees are not familiar with using digital devices [16,35].

Inclusive design also extends to the consideration of the refugees’ fears and
concerns. More specifically, many refugees fear that the use of apps, such as the
Refugee Wizard, would allow for tracking of personal information [6]. To address
those fears, features of secure digital wallet apps and decentralized digital identi-
ties can be included. Comparable to a physical wallet, secure digital wallets can
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Fig. 1. Design of the Refugee Wizard.

enable privacy by design (DF 8) thanks to methods such as only storing doc-
uments and personal information decentrally on refugees’ phones, encryption
and access management. These features provide refugees with more control and
reduce risks of surveillance and the perceived malevolence of governments [5,6].
Due to the intuitive folder structure, refugees could also better control document
sharing and disclosure (DF 9), while the use of QR-codes on documents could
include features for verifying the integrity of documents (DF 10). Finally, pro-
viding an overview of the documents they need and what they are required for,
as well as when they have submitted their documents to the competent person
or authority, enables additional transparency over processing of disclosed docu-
ments (DF 11). Thus, at all points in time, refugees are aware of what happens
with their documents and how many documents they still need to complete.

5 Evaluation

In the evaluation interviews, we asked refugee assistants (RA) and refugees (R) to
what extent they deemed the presented Refugee Wizard as trust-enhancing and
what other functions they believed would further increase the perceived trust-
worthiness of our application. Both groups highlighted the intuitive organiza-
tion of the pre-structured document folders (DF 3). They again emphasized that
refugees have difficulties identifying relevant documents - some would appear
with the entire contents of their mailbox including newsletters and adverts - and
are unable to put these documents into a coherent order (RA 4, 10/11). They
particularly appreciated the possibility to automatically allocate documents to
pre-structured folders (DF 2) with the help of a QR-code (DF 10). Such an alloca-
tion would prevent them from saving irrelevant documents or discarding relevant
ones (R 1 - 3; RA 1, 2, 4 - 6, 8, 10/11), making them feel less vulnerable and more
confident in their interaction with public authorities.
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Refugee assistants also emphasized that being able to check the complete-
ness of application documents and keep track of submission deadlines (RA 4, 5)
during the application were indeed valuable features. With incoming documents
often referring to more or less the same procedure, refugees felt that a transpar-
ent overview would increase their understanding and agency. In addition to more
integration-related sub-folders, we therefore also included the checklist function
for application documents (DF 4). Moreover, both refugees and refugee assis-
tants suggested the addition of a status-tracking function in the Refugee Wiz-
ard (RA 4 - 6, 10/11). This would increase transparency for refugees throughout
their administrative procedures (DF 11), making it more understandable where
they are in the procedure and when they could expect a decision (DF 1) (R 2 -
3). Such transparency would foster clarity and positive beliefs. At the same
time, refugees voiced concern that using an app with a status-tracing function
would reveal information about them that they do not wish to share. Since many
refugees are not aware of their host countries’ privacy and data protection regula-
tions or the legal obligations of those countries’ governments, privacy assurance
would either require extensive explaining or a technology-mediated guarantee
(RA 2, 4, 6, 7, 10/11). Overall, many refugee assistants and most refugees would
prefer technology-mediated guarantees, in which refugees may trust more than
in governments, and they thus appreciated the inclusion of intrinsic privacy and
control features (DF 8, DF 9). For explanations of documents and procedures,
interviewees collectively appreciated the simplification of content as an addition
to official documents (DF 1) as well as the consideration of different levels of
(digital) literacy (DF 5, DF7) to increase understanding and the availability of
information. As documents must still be filled in manually, refugees suggested
reference examples as part of the explanation for each document in their target
languages to make it easier for them to fill in the forms (DF 1, DF 6) (R 1 - 3).

6 Discussion

We consolidated the iterations and evaluations of our design with refugee assis-
tants and refugees in a nascent design theory, i.e. in generalizable design prin-
ciples [3,11]. We have identified three design principles that provide knowl-
edge on how to design technical applications that help restore institution-based
trust [21,23] and mediate institution-based distrust [15,20] of refugees (Fig. 2 and
3). We add to theory by proposing that aside from inclusive or culture-sensitive
design, document management and increased agency may be trust-enhancing
factors. Furthermore, our design principles may provide potential solutions for
practitioners who wish to develop applications for refugees that build on the
same underlying class of problems.

DP1 – Guided Document Management: When evaluating the refugee assistants’
and refugees’ feedback, we found that distrust beliefs in governmental agen-
cies [6] based on incomplete documents or repetitive requests can be mediated
by having a mobile document management application. This would not only
support refugees in allocating official documents to dedicated folders but would
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Fig. 2. Overview of design requirements, principles, and features.

also help them understand the purpose and content of such documents, poten-
tially breaking the cycle of distrust. Imparting knowledge of the procedures and
requirements in an accessible manner would put refugees in a position of control.
With increased control, refugees may not only reduce their distrust beliefs but
may be able to better assess bureaucratic requirements and the integrity and
competence of governmental procedures, and thereby also build trust [20,21,23].
The additional checklist function of our Refugee Wizard further emphasizes the
refugees’ position of control. Having something that would not only indicate the
completeness of a document but also due dates and receiving parties, creates a
feeling of safety. This, in turn, increases the institutions’ perceived benevolence
and competence and thereby positively affect the formation of trust [21,23].

DP2 – Refugee-Centric, Inclusive and Cultural-Sensitive Design: User-centric
design is pivotal in building trust-relations. Newly arriving refugees lack a sense
of belonging and agency [17]. In many cases, this sense of alienation and depen-
dency is further emphasized by language barriers and variance in cultural sen-
sitivities. To counteract this trend and bridge the comprehension gap despite
the lack of language competencies of many refugees, the Refugee Wizard offers
a didactically reduced, personalizable and culturally appropriate design of infor-
mation presentation [17]. This way, refugees may feel less alienated and more
capable to act as they find their needs represented regardless of literacy levels or
culture. The same also applies to digital literacy, where automation of key pro-
cesses, and easy and intuitive icons should prevent less digitally literate refugees
from feeling overwhelmed [27]. Overall, positive experiences with the Refugee
Wizard and a sense of belonging through culturally appropriate design may fos-
ter the belief of benevolence and reduce distrust and fears of malevolence [20,23].
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Fig. 3. Design principles for a trust-enhancing design.

DP3 – Self-sovereign Data Management: Gaining more control through under-
standing and being able to handle one’s own data is also closely connected to
self-sovereignty principles [8]. By building on best practices from digital wallet
apps, the Refugee Wizard could ensure that data stored in the app remains
private and in the hands of the refugees [8,27]. Yet, it would also make it pos-
sible to share this data with other refugees or trusted refugee assistants in a
self-controlled manner to, for instance, provide them with additional samples for
filling in documents. Moreover, refugees may share their filled in documents with
competent government officials before submission to make sure that the docu-
ments are complete. This again may empower refugees and could make them
feel more self-sufficient. At the same time, their increased sovereignty may pos-
itively reflect on heightened competence beliefs regarding their host country’s
government and may thus foster institution-based trust [21,23]. Increased trans-
parency through knowledge about processes and having all relevant information
available and verified in their app further improves such trust through positive
perceptions of the government’s integrity and benevolence [20,23].

7 Conclusion

In this study, we discuss how a mobile application that assists refugees in admin-
istrative processes can be built in a refugee-centric and trustworthy manner. In
a DSR approach based on literature about ICT for refugees and institution-
based trust and distrust as well as twenty-three interviews, we infer three design
principles from our Refugee Wizard. We find that guided document manage-
ment and refugee-centric, inclusive, and cultural-sensitive design combined with
self-sovereign data management may help to reduce institution-based distrust
and enhance trust. Yet, this effect may depend on the availability of privacy-
enhancing features which this research only discusses in a limited extent. Future
research may extend this work by analyzing in greater details the role of
emerging technologies - such as self-sovereign identities and digital wallets -
have in enabling trustworthy document management applications. Furthermore,
refugees’ lack of understanding of the underlying technology to appreciate that
governments act in a benevolent manner by providing the app with its proposed
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features may be detrimental for trust. Overall, our design may help researchers
and practitioners to understand the complex interplay of trust and distrust fac-
tors in designing trustworthy and user-centric applications for refugees.
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Abstract. Patient data is mainly transmitted in the form of unstructured free texts
in medical documentation. Natural language processing (NLP)-based systems can
help to structure and extract information from these free texts to support the work
of healthcare professionals. However, the healthcare sector must meet certain
information quality requirements to comply with regulations and provide optimal
patient care. Therefore, we argue that a design guideline is needed to tailor NLP-
based systems to the unique requirements of clinical processes and to catalyze the
practical application of such systems. In this paper, we report the results of a design
science research study, focusing on the requirements of NLP-based systems used
by healthcare professionals. In doing so, we shed light on the needs of practitioners
whenworkingwith sophisticatedNLP-based systems that extract and analyze text-
based information from medical documentation. By providing evaluated, testable
propositions and detailed design principles, we support the practical endeavor of
such systems.

Keywords: Healthcare · Natural language processing · Design principles

1 Introduction

The digitalization of healthcare services has brought various benefits for health profes-
sionals and patients, such as the reduced documentation efforts through the introduction
of electronic health records (EHR) [1] or the improvement in disease detection through
machine learning (ML) algorithms [2]. In general, the rise of digital information sources
such as EHRs increases the volume of available data for patient care and research [3,
4]. Techniques and methods of ML, such as natural language processing (NLP), can
be utilized to process this text-based patient information in an automated way. Several
studies have shown that this can be utilized in a large variety of healthcare contexts [3,
5]. However, the full potential of NLP in healthcare is still far from being unleashed
and practical implementation is still limited [6]. One reason for this is that NLP-based
systems need to fulfill the unique requirements of medical care on information qual-
ity [7] to be useful for health professionals in daily practice. Information quality can
directly influence the medical decision, thus, it needs to be as detailed and accurate as
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possible [8]. This requirement affects the structure and wording of medical documents.
Large parts of EHRs (~70%) still contain free text [9] instead of standardized medical
encodings. Free texts allow health professionals to describe the patient’s state in more
detail [7] and are, therefore, often used to meet the demand of high information qual-
ity [9]. Nevertheless, the heterogeneous wordings and structures of documentation are
hindering automatic processing [3]. Hence, health professionals often need to transfer
the data of patients manually into their health information systems (IS). This process is
error-prone and time-consuming [7].

Therefore, the information contained in free text often stays in this unstructured
format and hence is not used for further data processing. To relieve the health profes-
sionals from this information transferring task, novel NLP-based systems can carry out
automated information extraction from free texts. To overcome the limited application
of NLP services in healthcare, we identify a demand for a validated and contextualized
design guideline that developers can leverage to effectively createNLP-based systems for
health professionals (e.g., physicians and nurses) to support clinical processes. Against
this background, we aim to answer the following research question:

RQ: How should NLP-based systems be designed to analyze textual medical informa-
tion and meet the requirements of health professionals?

To address this research question, we follow a design science research (DSR) app-
roach, adapted from the works of Hevner et al. [10, 11]. Our DSR approach is iterative
[12], meaning that we refined our design principles through multiple cycles. The paper
is structured as follows: The current state of natural language processing in healthcare
is described in Sect. 2. Afterward, we present our DSR approach in Sect. 3. Section 4
presents the results of our work, i.e., the design requirements and principles, as well as
their evaluation through testable propositions (TP). Last, we discuss our findings and
briefly conclude our work in Sect. 5.

2 Natural Language Processing in Healthcare

In healthcare, a rising, aging population and the burden of disease lead to higher expen-
ditures [13] and hence put health service providers under increasing cost pressure [6,
14, 15]. These challenges are emphasized by the global shortage of health professionals
[16], which is expected to increase further due to the ongoing COVID-19 pandemic [17],
widening the already large gap between demanded and feasible health services. These
challenges create the need for innovative solutions [18].

Digitalization, and especially AI, is seen as a part of solving these problems because
it has the potential to improve patient care and shorten costs at the same time [19].
AI can achieve this by providing algorithms that efficiently process a large amount of
information and overtake tasks that had to be done by humans previously [19]. For
instance, it is commonly used for medical decision support (precision medicine), where
large amounts of data are used to predict therapy outcomes [4]. These capabilities for
decision support are, for example, used in radiology for analyzing images [4] or in
cardiology for analyzing free texts [20].
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Onevital part of the information that needs to be processed in the healthcare domain is
text-based information.This typeof information is typically processedbyNLP, a building
block of AI [21]. NLP-based systems can fulfill a wide range of tasks, such as extract-
ing biomedical information from discharge letters, radiology reports, or other health-
related documents. The potential benefits of NLP in healthcare have been demonstrated
in various for topics around neoplasms, circulatory diseases, digestive and endocrine,
nutritional, and mental disorders [3].

However, current researchmostly demonstrated the application of sophisticatedNLP
algorithms (on which we focus in this work) in isolated research environments and not
in real practical settings. For instance, most commercial information extraction systems
used in patient care still rely on rule-based approaches. In general, rule-based approaches
are not flexible and are outperformed by newer, AI-based NLP methods [3]. With the
rise of (AI-based) statistical algorithms in NLP, new potentials, but also new challenges
for systems occur [3]. Specific problems mentioned are the need for result validation
and missing transparency if NLP relies on statistical models because the results are not
comprehensible for health professionals. These problems do not exist for rule-based (i.e.,
hard-coded rules) NLP-based systems [3] because health professionals can comprehend
rules in comparison to statistical models. To sum up, NLP is already applied across many
different research projects in healthcare. However, to be fully implementable into daily
clinical practice. there is still a lack of knowledge on how NLP-based systems should be
designed to be supportive for patient care and suitable for usage by health professionals.

3 Research Design

Our study follows a DSR approach based on works Hevner et al. [10, 11] (Fig. 1), similar
to [22], and is part of an NLP-based system development project to support patient
care-related processes of a German surgery clinic (University Hospital Göttingen).

Fig. 1. Configuration of our design science research approach based on [10].

According to health professionals of the clinic, medical documents (e.g., reports or
discharge letters) from patients are still transferred manually, which is not only very
time-consuming but also error-prone. The objective of the project is the development of
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a system to automatically process medical documents by extracting pre-defined infor-
mation such as personal identifiers and relevant medical information (e.g., the primary
diagnosis and related symptoms) to reduce the redundant and pressuring workload of
medical staff. During a pilot phase, we concluded that sophisticated (ML-based) NLP
algorithms are needed to extract the correct information from the very heterogeneous
documents. Moreover, we argue that a DSR approach is needed to fully understand and
address the practical requirements of health professionals and incorporate these into
our solution. Besides instantiating such a system, the project aims to develop a design
guideline for dissemination [23] and a blueprint for other clinical use cases.

Our DSR approach follows an iterative process (i.e., two iterations, see Table 1) and
considers the contextual environment (i.e., health professionals) to discuss and refine
our findings as well as the current knowledge base (i.e., research) (Fig. 1).

Table 1. Design science research process based on [10, 11, 22].

Iteration 1 Relevance Cycle Rigor Cycle Design Cycle

Inputs • Healthcare literature
• Health professionals

• Literature review • Requirements
• Health professionals

Methods • Literature review
• Focus groups

• Content analysis • Prototyping

Steps • Search and analyze
literature

• Discuss findings with
health professionals

• Analyze publications
• Identify challenges of
health professionals
when operating
NLP-based systems

• Identify current designs
and features of
NLP-based systems in
healthcare

• Formulate design
principles from
literature with experts

• Create a visual
instantiation of the
design principles

Results • NLP-based systems
lack usability for health
professionals

• Requirements for
NLP-based systems of
health professionals

• Design principles
• Visual prototype
• Testable propositions

Iteration 2 Relevance Cycle Rigor Cycle

Inputs • Design principles
• Visual prototype
• Testable propositions

• DSR process
• Evaluated design principles,
prototype

Methods • Expert interviews • Iterative theory building
• Publication writing

Steps • Evaluate the testable propositions
• Refine design principles

• Finalize design theory
• Summarize DSR process and outputs

Results • Evaluated design principles and
prototype

• Refined design principles
• This article
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3.1 First Iteration

In the first iteration, we initially identified the underlying problem of NLP-based sys-
tems in healthcare, which we described in the introduction. This problem was fur-
ther discussed with health professionals from our practical cooperation and confirmed
(relevance cycle).

Next, we conducted a literature review to engage the knowledge base and identified
the current state of NLP-based systems in healthcare. We screened recently published
literature reviews of NLP in healthcare [3, 24, 25]. Additionally, we screened their
referenced literature. To ensure that we did not miss relevant works, we performed
a keyword search in the following databases: The Association for Information Sys-
tems, PubMed, IEEE, and Web of Science. We chose these databases because they
cover different research streams (medicine/health, information systems, and informa-
tion technology). Our used keywords were: (“health*” OR “medic*” OR “clinic*”)
AND (“natural language processing” OR “NLP”). After extensive screening and a for-
ward and backward search, we identified 13 relevant papers for our work. The identified
papers either described a use-case of NLP in healthcare and its related usability chal-
lenges or specifically focused on one or multiple problems of NLP in healthcare. Our
literature review focused on these and excluded studies that solely focused on develop-
ing better-performing NLP algorithms for a specific problem. However, most screened
studies did not focus on usability for health professionals. The outcome of this cycle is
literature-based requirements (rigor cycle).

Subsequently, the requirements were discussed with health professionals, and the
first suggestions for design principles were made. Additionally, a visual prototype was
constructed to evaluate our design principles by TPs according to Gregor et al. [26]
(design cycle).

3.2 Second Iteration

The second iteration focused on evaluating our findings and preparing these for commu-
nication. To verify the design principles and guarantee the visual prototype’s usability
in our practical cooperation, we conducted seven semi-structured expert interviews with
health professionals at the surgery clinic of the University Hospital Göttingen, includ-
ing physicians, nurses and medical Ph.D. students. We chose this set of interviewees to
cover different perspectives on the topic. To verify the elicited requirements, our find-
ings (design principles, visual prototype, and the TPs) were discussed with experts. The
interviews were structured as follows. To not bias the interviewees with our visual proto-
type, they were first asked about their requirements for an information extraction system
in the domain of healthcare. Subsequently, we presented the literature-based require-
ments and design principles and discussed these with the interviewees. Last, the visual
prototype was presented, and the interviewees were asked about their first impression
and suggestions to improve it further. Moreover, we discussed the derived TPs with the
interviewees to confirm the possible impact of the design principles on addressing the
derived requirements of health professionals (relevance cycle).

Using the findings of the expert interviews, we refined the design principles, summa-
rized our findings (this paper), and prepared them for communication (this submission)
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(rigor cycle). In Sect. 4, we present the final refined requirements, design principles,
TPs, and the visual prototype.

4 Understanding the Design of NLP-Based Systems in Healthcare

4.1 Meta Requirements and Design Principles

In total, five requirementswere derived by conducting the literature review (methodology
described in Sect. 3.1). Design principles to address the five meta requirements were
developed by discussing them with seven health professionals. In the following, the
groups of requirements and matching design principles will be described (Fig. 2).

Fig. 2. Matched requirements and design principles.

The first derivedmeta requirement (MR1–Clinical Problem Adaption) refers to the
need to adapt NLP solutions to the individual clinical problem it shall support in patient
care [7, 27, 28]. Multiple authors described scenarios where their clinical problem had
special requirements, e.g., through the uniqueness of the disease it shall capture [27–29].
This has several reasons; first, the high dimensionality of clinical problems that need
to be captured by the NLP algorithm, such as the timely detection of symptoms [27]
or the high amount of free text for mental health diseases, need to be considered when
designing NLP-based systems [29].

Similarly, studies suggest that developers need to be aware of the implementation
environment and adapt the NLP-based system accordingly (MR2–Clinical Environ-
ment Adaption). This requirement has two underlying propositions that need to be con-
sidered to fulfill it. First, basic conditions of the implementation environment, such as
the institution’s infrastructure, system requirements, and data usage agreements, impact
the implementation of NLP-based systems [24]. Second, since health data structures are
very heterogeneous, even inside single institutions, the heterogeneity of the real-world
data needs to be assessed and the NLP-based system needs to be trained on data from a
representative dataset [30]. DP1 is based on the meta-requirements MR1 and MR2 and
demands that to adapt the system to the clinical environment and underlying problem,
characteristics of the data (e.g., clinical jargon and abbreviations) need to be considered
when designing NLP-based systems [25, 31, 32].

The next requirement (MR3–Usability for Health Professionals) refers to the abil-
ity of the NLP solution to be effectively used by clinical staff to conduct their tasks [6,
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25, 32–34] and can be defined as usability of the system. As pointed out by Velupillai
et al., there is still a lack of practical evaluations of NLP-based systems because health
professionals are often not integrated into the development process [27]. The need to
test the developed systems in practice and integrate relevant stakeholders into the devel-
opment process is emphasized by additional authors [25, 32]. DP2 is built upon MR2
and MR3 and states that relevant stakeholders must be interviewed to identify adjacent
systems and desired outputs (e.g., clinical encodings). DP2 ensures that theNLP solution
is integrated into the existing IT landscape of the institution to avoid standalone systems
that health professionals cannot use because they do not offer the demanded interfaces
to their daily used health IS [25].

The following requirement (MR4–Control over Results) states that health profes-
sionals demand control over the final results of the NLP-based system [31–34]. Other-
wise, they might be reluctant to use AI or feel deprived of their autonomy [24]. DP3 is
derived from MR3 and MR4 and declares that health professionals must be integrated
into the workflow of the NLP-based system if it is used for patient care to maintain their
control. A human-in-the-loop approach was mentioned several times, where the human
makes the final decision if the results are correct [32–34]. This finding is consistent with
the contributions of several authors, which state that health professionals demand a high
degree of autonomy and control to accept a system [35].

The last requirement, (MR5–Transparency), addresses the capability of the NLP-
based system to let the health professionals comprehend its working and provide insights
into explanations for the results [32, 35]. In general, it is assumed that health professionals
highly prefer transparent algorithms over black boxes, despite better results that could
be achieved by the latter ones [32]. The last design principle, DP4, is derived fromMR3
and MR5 and defines that transparency and usability are improved for health experts by
highlighting uncertainties of the NLP-based system.

4.2 Evaluation of Findings

In line with the proposed methodology of Gregor and Jones [26], we formulated TPs to
evaluate our design principles (Table 2). Gregor and Jones explain that TPs follow the
pattern that “if a system or method that follows certain principles is instantiated then it
will work, or it will be better in some way than other systems or methods” [26].

Table 2. Testable propositions for evaluation.

Testable proposition If the system follows the proposed design…

TP1
(DP1)

…it will address the clinical problem more precisely, thereby yielding
higher perceived usefulness by health professionals than similar IS

TP2
(DP2)

…it will be integrated into the IT landscape more seamlessly, thereby
yielding higher perceived usefulness by health professionals than
similar IS

(continued)
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Table 2. (continued)

Testable proposition If the system follows the proposed design…

TP3
(DP3)

…it will offer health professionals more control over the system,
thereby yielding higher perceived acceptance than similar IS

TP4
(DP4)

…it will offer higher comprehensibility of results for health
professionals, thereby yielding higher trust and perceived
explainability than similar IS

Tovalidate or reject theTPs,we instantiated thedesignprinciples in avisual prototype
placed in the domain of (health-related) information extraction. TheNLP-based system’s
purposewas derived fromour cooperation projectwith theUniversityHospitalGöttingen
and aimed at extracting relevant patient information, including personal information,
diagnosis, treatments, andmedication fromdischarge letters,which is still donemanually
in a time-intensive and error-pronemanner by health experts. The ideawas to utilizeNLP
to encounter the heterogenous wordings and structures with a more flexible approach
and partly automatize the process.

Fig. 3. Visual prototype with design principles.

We incorporated the following design principles into the visual artifact: DP1, DP3
andDP4 (Fig. 3).DP2was not visually instantiable because it dealswith the integration of
the system into the environment. The structure of data sources (mainly discharge letters)
was screened, and pre-defined text blocks (e.g., patient information and diagnosis) were
implemented according to the task to implement DP1 into our visual prototype. DP3
was integrated by involving the health professionals in the workflow. Users can edit and
add information. Moreover, they must confirm the correctness of extracted information.
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Last, DP4was included in the visual prototype by two explanationmechanisms. A color-
coding scheme and percentages show the algorithm’s certainty about the correctness of
the information.

With this visual prototype, we aimed to evaluate the TPs, which would either confirm
or reject our derived design principles and requirements. Additionally, to interviewing
physicians (3), we interviewed Ph.D. students (3) and one study coordinator (1) to
leverage varying views of potential adopters (n = 7). Regarding the overall impression
of the visual prototype, most interviewees found the design easy to understand and
quickly knew how it worked. The general side-to-side layout of the systemwas positively
rated since it allows direct comparison of the original discharge letter with the extracted
information.

The first testable proposition, TP1, which we visualized through pre-defined cat-
egories and information that need to be present (DP1), was confirmed by the health
professionals: “There is certain information that we need. For example, we often use
the date of birth to identify the patient.”. The interviewees confirmed that the system
would not be perceived as useful if patients cannot be identified. The second testable
proposition, TP2, was only discussed with the interviewees since we could not visualize
it (DP2). However, the interviewees highlighted the need for the system to be inter-
operable with already implemented systems to be usable in a daily manner. The third
testable proposition, TP3, which was instantiated by control features (e.g., add and edit
buttons) (DP3), was rated positively by the interviewees: “I can’t judge how good the
program is. But honestly, in the end, it is about a patient’s health, and I would say
that you should always be able to control the information again.”. This finding was
supported by other interviewees which stated that they would always need to check the
information for correctness again. The last testable proposition, TP4, which included
explainability mechanisms (DP4), was also confirmed by the interviewees. Specifically,
the origin indicator and the color-coding were rated positively: “Basically, I think it
would be better if you can understand where the information comes from because that
can also be relevant for the clinical course.”. However, the health professionals saw
the percentage as somewhat confusing:” I would leave out the percentages, it suggests
that the person may have to interpret the shown number.”. Most experts suggested that
color-coding should be sufficient to indicate the correctness of the information. Overall,
the evaluation verified our TPs and allowed us to get valuable insights into the perspec-
tives of different health professionals. Moreover, we can confirm the positive effect of
applying our design principles in practice.

5 Discussion and Conclusion

Current research often focuses on the fast-advancing technical side of applying NLP
to isolated medical problems. However, these technical advances rarely make it into
practice or consider any aspects of system implementation [6]. This paper contributes to
this research by building a bridge between the technical side of NLP-based systems and
the requirements of health professionals in practical use. We provide a comprehensive
design guideline for NLP-based systems that acknowledge the specific requirements of
health professionals to support the analysis of textualmedical information. Following the
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DSR contribution levels provided by Gregor and Hevner [23], our work can be classified
as a level 2 contribution.

This study is especially targeted at developers and hence provides practical impli-
cations. Our design principles address the described practical challenges of NLP in
healthcare. By following our design principles, developers will be able to utilize NLP
as a technology in healthcare and, thereby, reduce the time health professionals need
to spend extracting and analyzing text-based patient information. Nevertheless, the new
capabilities of NLP-based systems also put health professionals into a new role of super-
vising IS. Our design principles address this new role of health professionals through the
implementation of active augmentation. This is achieved by explainability and control
mechanisms that allow the health professionals to adhere to the demanded information
quality. To sum up, by reducing the effort and maintaining the information quality, our
design principles aim to ultimately contribute towards improvedmedical care and enable
the implementation of sophisticated NLP algorithms into daily clinical practice.

Regarding the theoretical implications of our study, our research contributes to the
following domains: First, this work contributes to the literature onNLP-based systems in
healthcare [3, 31]. This domain still lacks design guidelines to address the usability needs
of different disciplines when implementing NLP as a technology. Our work emphasizes
the need for socio-technical interdisciplinary (IS) research to implement sophisticated
NLP algorithms into daily clinical practice. Second, this study contributes to the research
area of human-computer interaction in healthcare. In our work, we demonstrate what
requirements health professionals have on information and how the interaction can be
shaped by single design elements to augment and support the users.

Of course, our study is also subject to limitations. Our findings were validated by
experts from only one institution on a qualitative basis, even though they work at differ-
ent departments and hierarchy levels. Future work could evaluate our validated design
guideline by conducting quantitative studies. In our next step, we will develop a usable
prototype and test it with health professionals in the field, which should generate further
insights into requirements and features demanded by health professionals.
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Abstract. Although digitization is advancing rapidly, a large amount of data pro-
cessed by companies is in printed format. Technologies such as Optical Charac-
ter Recognition (OCR) support the transformation of printed text into machine-
readable content. However, OCR struggles when data on documents is highly
unstructured and includes non-text objects. This, e.g., applies to documents such
as medical prescriptions. Leveraging Design Science Research (DSR), we pro-
pose a flexible processing pipeline that can deal with character recognition on
the one hand and object detection on the other hand. To do so, we derive Design
Requirements (DR) in cooperation with a practitioner doing prescription billing
in the healthcare domain. We then developed a prototype blueprint that is appli-
cable to similar problem formulations. Overall, we contribute to research and
practice in multiple ways. First, we provide evidence for selected OCR methods
provided by previous research. Second, we design a machine-learning-based dig-
itization pipeline for printed documents containing both text and non-text objects
in the context of medical prescriptions. Third, we derive a nascent design pattern
for this type of document digitization. These patterns are the foundation for fur-
ther research and can support the development of innovative information systems
leading to more efficient decision making and thus to economic resource usage.

Keywords: Document image analysis · Optical character recognition ·
Digitization · Machine learning · Preprocessing · Postprocessing

1 Introduction

Modern business is typically driven by computer-based decision-making. Data is col-
lected and aggregated along the value-chain and then used as input for, e.g., analysis,
simulations, automatization, or predictions. Researchers have already demonstrated that
data-driven decision-making can improve the effectiveness of decision-makers [1] and
thus can lead to performance improvements [2].
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However, a significant share of businesses operates with paper-based documents,
resulting in the data being unavailable for digitized decision-making algorithms. Espe-
cially in processes where plenty of transactions with low individual margins occur,
human-based digitization of printed data is not suitable and is an unnecessary waste of
resources. A prime example of such a process is the reimbursement of medical prescrip-
tions in health insurances. Although most prescriptions only trigger small reimburse-
ments (< 20 Euro), the total amount of payments performed in 2020 in Germany was
40.9 billion euros [3]. The processing entails verifying whether a patient is a customer of
the insurance or whether the pharmacy and the doctor acted according to existing laws
and contracts. Human-based processing of all prescriptions is too tedious, resulting in
especially small-value prescriptions being not validated systematically, causing damage
to the whole healthcare system.

Optical Character Recognition (OCR) is a potential solution since it converts printed
text into machine-encoded formats to be analyzable, editable, and searchable [4, 5].
However, modern OCR approaches have in common that they can recognize text in
different forms but fail on objects, symbols, or noisy images. Particularly in specialized
domains, such as healthcare or legal, symbols, handwritten edits, or other marks on the
document pose hurdles for OCR technologies. This is where object recognition comes
into play. Object detection can be used to extract additional relevant data fromdocuments
where OCR fails. It offers the potential to enrich the available database for decision-
makers and computerized approaches. In this context, the problem domain comprises
two topics: OCR and object recognition research.

Current research offers valuable contributions regarding sub-problems of recogniz-
ing printed data on documents (e.g., [6, 7]). A significant number of studies have been
done on OCR and pre- and postprocessing steps and how to combine these techniques.
Object recognition is one of the most prominent subjects in a separate research stream
under the artificial intelligent topic. Against this background, we identify the challenge
of leveraging past research contributions with our own results in an integrated end-to-end
pipeline that allows both recognizing text and non-text objects on documents.

We follow the iterative Design Science Research (DSR) approach by [8] to design a
pipeline for digitization in the context of medical prescription documents as a reference
process for big-data environments with small transaction margins. Here, we cooperate
with a practitioner and domain experts, including IT and pharmacy staff, to capture a
full picture of the requirements and test the prototype in the problem domain.

Our research contributes to the discussion of innovative printed data recognition
in at least three ways. First, we provide evidence for selected OCR methods provided
by previous research and developed additional ones. Second, we designed a machine-
learning-based digitization pipeline for printed documents containing both text and non-
text objects in the context of medical prescriptions. Third, we derived a nascent design
pattern for this type of document digitization. These patterns are the foundation for
further research and can support the development of innovative information systems
leading to more efficient decision making and thus to economic resource usage.
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2 Research Background

Asmotivated in the introduction, Document Image Analysis (DIA) has been a promising
and relevant field of research in recent years. DIA includes various methods to process
scanned images of analogous documents to recognize text and graphics and extract
valuable information from them [9]. Hence, DIA can be divided into two fields of
interest: text recognition and graphics processing.While text recognition aims to identify
textual components of document images, graphical processing covers recognition of non-
textual elements such as tables, images, and logos [9, 10]. Following our research goal,
the underlying research specifically targets textual document processing through OCR
as many input formats contain unstructured text elements. OCR requires a multi-staged
analysis containing image acquisition, location segmentation, preprocessing, knowledge
extraction, andpostprocessing of the results [11]. The knowledge extraction process itself
is composed of various steps such as segmentation, feature extraction, and classification
tasks.

We applied localization segmentation to cut the image into appropriate chunks for the
digitization pipeline. Following [10], it is vital to comprehend the physical and logical
layout of the document image in advance. The process contributes to the differentiation of
segmentswith text, images, and other graphical content. Therefore, enclosed components
need to be separated in a meaningful way for further analysis [12].

Preprocessing ensures that images with noisy quality can be handled and processed
efficiently. Depending on the input format, text can be machine-coded or handwritten,
which makes it crucial to manipulate document images for high processing quality. In
the next step, characters are segmented either implicitly or explicitly to be able to recog-
nize them separately by the OCR engine. In the feature extraction component, relevant
information about the textual, geometric, structural, and content-based information is
recognized and applied to find features that uniquely identify characters [9, 13]. Once
important features are extracted, the classification process ensures that each recognized
character is assessed to its corresponding class. Especially the recognition of text seg-
ments often utilizes neural networks [14–17]. The knowledge extraction process can be
done in two ways. First, existing libraries such as Tesseract can be applied to build on
existing trained AI models. Exemplary usage can be found in [18] and [19]. Especially
when text is handwritten or highly unstructured, customized approaches in the form of
personalized OCR pipelines are used [14, 15, 20]. However, these approaches have the
objective of recognizing text exclusively for conventional documents. Medical docu-
ments such as prescriptions usually contain handwritten signings, stamps, and symbols.
These differ from common characters and require custom handling, which cannot be
achieved with standard OCR implementations. We, therefore, aim to make use of AI
to build a flexible pipeline that extends existing OCR approaches and contributes to
sophisticated DIA.

3 Research Approach

This paper aims to provide an IT artifact as a solution to a real-world business problem.
Here, designing such an artifact is complex and calls for creative advances in domains
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in which existing theory is often insufficient [21]. Therefore, we set up a DSR project
by following the IS research framework by [21]. DSR is defined as “[…] a research
activity that invents or builds new, innovative artifacts for solving problems or achieving
improvements […]” [22] and has been proven to be useful to this type of research in
several studies, e.g., [23] and [24].

The iterative process of designing an adequate artifact that contributes to a solution
of the research problem is handled by applying the six-step DSR process model by [25].
Here, since the research problem is derived from the operation and related literature, we
follow the problem-centered approach starting with step one (see Fig. 1).

The problem statement was formulated in the introduction (step 1). In the second
step (“Objectives of a Solution”), we derive requirements (e.g., [26]) based on existing
literature, user stories, an analysis of legal requirements. In addition,we conducted expert
interviewswith employees of a German prescription billing company facing the problem
of processing millions of paper-based prescriptions per year. These requirements are
prioritized to come to a starting point for an initial prototype. The third step deals with
determining the artifact’s desired functionality and architecture. This includes selecting
suitable frameworks and algorithms as well as designing-related decisions regarding the
user interface, amongst others. Based on that, the actual artifactual solution is designed
and developed. Subsequently, the efficacy of the developed artifact to solve the problem
is demonstrated using documents and their manually digitized content for different types
of simulations (step 4).

Afterward, the artifact will be evaluated in a case study by applying it to 1,298
documents, comparing the results to the current approach, and evaluating the results
with domain experts of research and practice (step 5). In this case, phases three to five
were looped iteratively until the artifact matched the previously defined requirements
[8].

Finally, the DSR process concludes with promoting the developed solution and its
design patterns in this paper and thus making the insight publicly available and adding
our results to the knowledge base of printed data recognition.

Problem 
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1.
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2.
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Fig. 1. Adapted research approach following [25]
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4 Objectives of a Solution

Following our goal of designing a digitization pipeline for documents that contain both
printed text and symbols/objects, we define design requirements (DR) for a correspond-
ing prototype (Fig. 1 – Step 2). Here, as argued by [27], it is crucial for the success of the
DSR project to involve those affected by the practical problem that was characterized in
the initial problem statement (Fig. 1 – Step 1). To do so, we first interviewed employees
of a practitioner to get practical requirements from the end-users firsthand. In this case,
the practitioner is a company doing prescription billing focusing on computer-assisted
prescription evaluation and fraud detection. Thus, the practitioner has experience with
extracting data from a paper-based document and already uses OCR-digitized data as
input for further procedures.

Based on these practical requirements, we continued to derive theoretical require-
ments from related literature and research on the OCR and object detection domain
applications. For simplification and emphasis on the business problem, we assume that
paper-based documents have been previously scanned, so we have digital images as
input to our prototypical pipeline.

In summary, functional and non-functional DR were defined as shown in Table 1.
After a prioritization in cooperation with the practitioner, DR1 to DR5 and DR9 to DR13
were planned to be realized in a first iteration of the DSR process (Fig. 1).

Table 1. Design requirements for a prototypical digitization pipeline

Functional Design
Requirements

Description Topic

DR1: Input Robustness The algorithm handles varying
formats of input images to provide a
higher utility for the user

Preprocessing

DR2: Quality
Harmonization

The approach harmonizes the image
quality for improved operation of
other algorithms [28–31]

DR3: Data Localization Relevant structured data fields are
localized and identified. Thus, the
algorithm automatically
differentiates between structured text
and objects/symbols

Data Localization &
Segmentation

DR4: Data Segmentation Data areas are segmented due to their
data type (text, no text) [32]

DR5: Data Labeling The localized and identified data
areas are labeled according to their
semantic meaning

(continued)
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Table 1. (continued)

Functional Design
Requirements

Description Topic

DR6: Text Recognition An OCR algorithm digitizes printed
text on input images

Recognition

DR7: Object Recognition The prototype is able to detect and
classify objects and transform them
into a defined data format

DR8: Data Validation Recognized data is validated
according to the desired semantical
format and logic to evaluate the
output quality

Postprocessing

Non-Functional Design
Requirements

Description Topic

DR9: Scalability The pipeline offers sufficient
efficiency to process large image
batches in a reasonable amount of
time

Performance

DR10: Understandability
ad Maintainability

The pipeline is understandable and
easily maintainable

Usability

DR11: Modular
Expandability to
Specialized Use Cases

The pipeline is extendible and offers
adaption potentials to specialized use
cases due to modularization

Modularization

DR12: Minimal
Downtime

The pipeline must be highly reliable
and avoid downtimes

Reliability

DR13: Result Accuracy The pipeline should improve the
current business processes. Thus, it
should provide a sufficient data
quality not to compromise potential
efficiency gains

Accuracy

5 Results

As motivated by the research approach, we iteratively build our digitization pipeline
based on the introduced DRs. Next, we first describe necessary preprocessing steps
to improve the quality of the input documents. The identification of text, objects, and
postprocessing steps to further enhance the output are described afterward.

5.1 Preprocessing

In order to improve the output quality of OCR algorithms and pipelines, preprocessing
steps are needed, which results in better accuracy [33, 34]. In the context of our use
case, color data is not needed to detect font or objects on the document that have to
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be digitized. Therefore, the process starts with aligning, scaling, and coloring at pixel-
data-level to create input robustness (DR1). The information is compressed to an array
of lower dimensions, so we can decrease the computation complexity of our digital
preprocessing [28]. To do so, we grayscale the digital representation and binarize the
cell values (DR2). The resulting data represents the minimum of currently available
pixel data. That results in a maximum contrast between background and foreground to
detect relevant shapes and fonts. For some algorithms like contour detection that are
described later, the colors are inverted to black background pixels and white content
pixels to improve the performance.

Furthermore, reducing noisy data is one of themain challenges of the pursued prepro-
cessing. It must deal with error pixels (mostly single or small bunches of pixels without
sensible content) and gridlines. To remove error pixels, we implemented a sliding kernel
that checks whether the majority of the underlying pixels are the same color. An example
is shown on the left side of Fig. 2. The process sometimes leads to a deterioration of
the text quality. Therefore, three eroding steps are applied to transform light into thick
text strokes in the first iteration. Besides this, a different method for removing gridlines
is implemented. By first detecting lines as contours and then filling these contours with
the specific background color, disturbing horizontal and vertical lines are removed. The
results are illustrated on the right side of Fig. 2.

Noise Reduction + Font Optimization Box / Table Removal

Fig. 2. Removal of noise and lines

Weused the pytesseract Pythonwrapper based on the open-sourceTesseract library in
our experiments and evaluationswith the practitioner for theOCRprocess. The Tesseract
library can recognize multi-line text parts. Our experiment shows that this works well
with structured documents like book pages where every line is clearly visible but fails
with other more unconstraint types like formulas or freely designed pages. To improve
this, we split the document into single one-line part images and disabled Tesseract’s
multi-line function, which results in more accurate recognition. This is realized by a part
segmentation method (DR3&4) based on content areas, as shown on the left of Fig. 3.
To do so, we first preprocessed the image with several kernel operations extending the
activated pixels using the opencv library. This not only closes minimal gaps between,
e.g., characters and thus leads to detecting whole words but also contributes to better
image content quality when used sparingly. Consequently, we use this technique also for
preprocessing of image parts before OCR or object recognition (see right side of Fig. 3).
Subsequently, shapes are detected and compared to other shapes (and their distances)
nearby and the overall image to get an idea of whether it is a text row, a single word, or,
e.g., a non-text object.
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Part-Data Segmentation Font / Line Optimization

Fig. 3. Part-data segmentation and line optimization

Separating a document into parts results in more opportunities to apply specialized
improvement methods to different sections of the document as described in the postpro-
cessing section. Instead of one OCR call, multiple calls are executed, each one for every
one-line part image. Moreover, the cropped partial images are first subjected to further
preprocessing steps before passing them to the Tesseract OCR engine. After the previ-
ously described steps, including the segmentation of the region of interest, an equally
sized white border is added around the whole part image, which leads to better detection
results because the text is in a more centralized position. Due to the binarization of the
image, the edges of the font and other objects have hard edges. They are softened by
two blurring steps that result in better OCR results. While average blurring replaces the
central pixel with the average of the surrounding pixels based on the kernel size, median
blurring replaces the central pixel with the median of the surrounding pixels based on
the kernel size, which removes salt-and-pepper noise and yields to a better performance
on noisy images [35].

All preprocessing steps are connected in a series, and an example shows the entire
pipeline in Fig. 4. Every step can be configured by parameters individually.

Remove Lines/Pixels & CropColors to Black & White

Add White Border & Upscale Image

Optimize Font & Average Blurring & Median Blurring

Fig. 4. Entire OCR preprocessing pipeline example

5.2 Recognition

After executing the preprocessing pipeline, image segments are used as input to the actual
data recognition. These part images are classified and then processed by their appropriate
recognition method (DR5). Thus, printed text (including numbers and characters) is
processed by OCR, while our object detection module processes non-text objects. The
default Tesseract OCR engine comeswith a pre-trainedmodel, which represents a decent
compromise of accuracy and runtime. This was used on a first try and was later replaced
by the most accurate open-source model, which drastically increases accuracy with an
almost imperceptible change in execution time (DR6).
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For the detection of non-text objects, self-trained TensorFlow-based RCNNs are
used. In our case, the practitioner is interested in recognizing two types of markups
within the document (DR7). After evaluating several different RCNNarchitectures, three
hidden dense layers proved to best fit our use casewith regard to accuracy and processing.
In addition, the RCNN is also enriched by dropout layers to prevent fast overfitting
[36]. However, the optimal configuration of this neural network can differ from case
to case. Therefore, we also implemented an automatic hyperparameter optimization.
Consequently, the user only needs to provide labeled images of the non-text object of
interest, and our approach handles cropping out the relevant pixels and training the neural
network and optimization of hyperparameters. As a result, our pipeline provides easy
adaptability and little effort for users.

5.3 Postprocessing

Postprocessing procedures have been added after the identification and OCR engine
steps for further optimization. As mentioned before, the segmentation into part-images
allows individual handling for every section. If some parts of the original document are
number only fields represented by cropped part-images, a replacement method is added.
It uses a simple RegEx pattern to replace letters with their similar-looking number.
This transforms, for example, the OCR output “I5Z87” into “15287” (DR8). Similar
approaches are implemented for different fields to use the knowledge of the contents of
a field or part to postprocess the detected content as much as possible.

5.4 Evaluation

Following the implementation and demonstration of our digitization pipeline, we eval-
uate our prototype regarding its applicability, usability, and usefulness. To objectively
evaluate our application, we used several Key Performance Indicators (KPIs) and expert
interviews.

As introduced by DR13, accuracy is a critical KPI, which has to reach a certain
threshold to meet our requirements. In our definition, accuracy (subsequently named
data accuracy) describes the number of correct data points relative to the total number
of recognized data points [37]. In the case of OCR, this means correctly extracted data
fields relative to the overall number of processed data fields. Additionally, lead time was
also introduced as another relevant OCR KPI (DR9). With reference to [38], we defined
lead time as the time difference between the single image workflow started by the user
and the finalized associated database entry. The proportion of perfect cases was also
added to our KPI set regarding the practitioner and its business context. This is defined
as the number of images that have been recognized correctly (with 100% data accuracy)
relative to the total number of processed prescription images. The KPI is of high interest
for the practitioner since (in theory) perfectly-recognized images must not be reviewed
manually again and save limited and costly resources.

We used two different sets of images as input data for the actual evaluation. The first
image set (image set 1) consists of 883 images of mixed quality. Thus, our application
confronts images with lots of noise, handwritten data, containing grid lines, and good-
quality images. The second image set (image set 2) includes 415 images of image set 1
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(real subset), which are most comparable to the usual input data our application would
face during a productive run at the practitioner’s site. We use manually digitized data of
all prescription images as a single source of truth for checking the recognition results
(Table 2).

Table 2. Evaluation results of image Set 1 and image Set 2

KPI Image set 1 Image set 2

Data Accuracy 90.69% 94.44%

Lead Time* ≈17 s ≈17 s

Proportion of Perfect Cases 21.76% 33.33%

* The application and the evaluation process ran on a stack of Docker containers having the
following hardware resources assigned:16 GBRAM, 2.3 GHz 8-Core Intel Core i9 9th Generation
CPU, and three parallel workers.

6 Discussion and Conclusion

The research in this paper aims to implement a feasible prototype to digitize paper-
based documents containing text and non-text objects. Followingly, our results will be
discussed primarily in the contribution of the research process to theory and practice as
stated by [39]. When classifying our research based on the DSR contribution framework
by [39], we argue that it can be considered an exaptation mainly since we deal with high
solution maturity and a low application domain maturity in our project.

Our developed solution follows design decisions derived from other research and
adapts them to our specific problem context. Thereby, an artifact is instantiated that not
only solves our explicit requirements but is also scalable and transferable through its
modular architecture. It can be applied to other problem domains by using the described
design decisions to digitize information of documents having similar characteristics.
Thus, the pipeline can be applied on, e.g., the digitization of medical prescriptions of
other countries, documents like bank transfer forms that own a certain structure within
the documents, and types of data fields that follow specific logics and formats. Therefore,
the image preprocessing, data localization, and segmentation modules can be adapted so
that the artifact can detect regions of interest on text images in general. Based on that, an
OCR engine can transform the located and preprocessed images into text. Followingly,
the data validationmodule is optionalwhenever a use case requires checking the logic and
format of transformeddata to evaluate thequality of the transformation.The implemented
approaches in preprocessing and data field detection combined with aMachine Learning
(ML) model to detect characteristics in the image can be seen as design patterns and
contribute to the scientific knowledge base. Because of their striving for generality, they
can be applied in different problem contexts.

In addition to the theoretical implications, we were able to derive implications that
can be highly useful for practitioners. Next to the theoretical relevance, DSR aims to
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solve practitioners’ real-world problems and thus fulfills practical relevance [21]. In this
study, we built a computer-based application that covers a fully-fledged pipeline, start-
ing with image preprocessing and ending with postprocessing recognized data within
the healthcare or particularly in the medical prescriptions industry. Our computer-based
approach is reusable and can be adapted to similar problems, due to its modularity. Mod-
ules dealing with the localization and segmentation of data fields can be adapted to the
medium that should be digitized. Thus, the results of this study provide the groundwork
for the development of a flexible system that efficiently digitizes documents by reducing
time and cost issues since human interaction is limited to a minimum. Furthermore, the
data in its digitized form does not only provide the basis for the electronic prescription
but also generates a standardized data pool that can be used for further analyses in the
healthcare industry. The increased quantity and availability of digitized data can make
extensive data analyses possible in the future.

Nevertheless, our research is also subject to limitations. Firstly, the artifact was
evaluated particularly within the business context of one practitioner in the healthcare
industry. The company provided a limited set of 883 distinct prescriptions our prototype
has been evaluated on. Secondly, there are limitations regarding the rigor cycles. In this
context, we conducted a several literature reviews that were highly dependent on the
chosen search strategy. The limitations are determined by selected search terms and the
identified literature. Thirdly, the implemented algorithmmainly covers the processing of
images printed in black and white but not in color. The algorithm can read colored input
images but fails in recognition due to a lack of input images provided by the practitioner.
We are excited to see how research and practice will build on our results and use data to
contribute to economical and high-quality healthcare.
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Abstract. Postpartum depression (PPD) for men is a significant but little-
understood public health concern that affects ~14% of men in the US. It has
not received adequate attention from society, researchers or health practitioners.
This paper describes results from problem space exploration for this concern as
the first step in a design science research process. Following the double-diamond
model of design thinking, we describe two iterations. The first relies on quali-
tative analysis of data obtained from a social media platform to extract themes
that describe pain points of new fathers. The second uses a participatory design
exercise to identify personas and meta-requirements. Member-checking and tri-
angulation efforts following the two iterations validate our findings that provide a
rich understanding of this public health concern. A secondary contribution of our
work is a demonstration of how design thinking techniques can be used within a
design science research process to enhance the relevance cycle. We conclude by
pointing to next steps for developing design science solutions in response to the
problem.

Keywords: Problem space · Theory of the problem · Postpartum depression
among men · Design thinking · Double diamond approach

1 Introduction

Although postpartum depression (PPD) has been traditionally associated with women
(Thomas 2010), an increasing body of evidence is starting to point to PPD among new
fathers (Kim and Swain 2007). Explanations offered include dramatic shifts in parenting
and changes in societal expectations of fathers (Roy 2014). Instead of their traditional
role as financial support providers, fathers are increasingly expected to be more actively
involved in parenting and childcare, a role that many fathers are underprepared for (Roy
2014). This lack of understanding and skills appears to be a leading cause of greater risk
of PPD in many new fathers (Kim and Swain 2007).

Early scholarly work points out that health professionals and family members tend to
write off any symptoms (that may point to the incidence of PPD) among new fathers as
a normal part of the transition to parenthood. There are, however, adverse consequences
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of this neglect. Not only does paternal PPD adversely affect the individuals themselves,
it can also limit their capacity to provide emotional support to their partners and children
(Kim and Swain 2007). Therefore, it is critical to develop technology-based solutions
that can address different aspects of the problem and develop greater awareness of this
public health concern. Our effort in this project is to use the design science research
(DSR) approach to build and evaluate technology artifacts to address (different parts of
the) problem (Hevner et al. 2004).

However, aswe started the research journey,we realized thatwe simply did not under-
stand the problemwell. Our early explorations with healthcare professionals (partners in
this research project) showed that there were several significant differences from other
ailments, diseases and public health concerns. Examples included lack of awareness,
associated stigma, absence of any preemptive screening and risk assessment services,
lack of resources to teach behavior skills, different patient population, new symptoms,
lack of acceptance, and several others. With the scale of the problem (af-fecting ~14%
of new fathers in the US), we realized that a deeper understanding of the problem space
was an important pre-requisite to the design of technological solutions. Contemporary
writings about DSR provide few pointers for this important phase of the process beyond
describing it as ‘awareness of the problem’ (Vaishnavi and Kuechler 2012), or suggest
actions such as ‘performing literature reviews’ (Schoormann et al. 2020). For a problem
space that is new, not well described, and emerging (such as paternal PPD), we did not
consider these approaches as adequate.

This paper, therefore, focuses on exploring the problem space for the challenges faced
by new fathers with PPD. We note that our efforts are similar in spirit to the articulation
by Majchrzak et al. (2016), who point out the need for “a theory of the problem [that]
aims to elucidate a specific organizational or societal challenge to assemble (or illustrate
with empirical data) different understandings of how and why a problem occurs”. Such
exploration of the problem space is particularly relevant for exploring complex multidi-
mensional problems of a substantive nature (such as the incidence of PPD among new
fathers). Such problems have several interconnected challenges that may have divergent
expectations from different stakeholders, making it difficult to develop on the problem
statement (and design effective solutions).

Our goal in this paper is to explore this problem space (PPD in new fathers) in a
systematic manner. We do this with specific techniques from design thinking (Bren-
ner 2016) – the double-diamond approach (Gustafsson 2019), and the persona tech-
nique (Brangier and Bornet 2011), relying on established practices such as secondary
data scraping, thematic analysis of textual data, and inputs from subject-matter experts.
Together, these techniques allow us to identify the pain points of new fathers, specific
personas, and meta-requirements that can point to solution possibilities. In the remain-
der of the paper, we first provide a brief background on PPD in new fathers (Sect. 2),
describe the research approach (Sect. 3), present the findings of problem space explo-
ration (Sect. 4), and briefly conclude with a discussion of problem space exploration and
pointers to next steps (Sect. 5).



210 P. Mulgund et al.

2 Background: New Fathers with PPD

Postpartum depression (PPD) is a form of major depressive disorder (MDD) occurring
soon after a child’s birth. The Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) defines depression with peripartum onset as a major depressive
episode during pregnancy or within four weeks after parturition. PPD among men (the
focus on this study) is a significant public health problem affecting approximately 14%
of new fathers in the US (Scarff 2019) with the possibility of prevalence much higher in
certain at-risk segments such as fathers with lower incomes, young or old age fathers, or
fathers with ethnic minority backgrounds. Although not much data exists about fathers
in non-traditional settings, such as stay at-home fathers, nonbiological fathers (e.g.,
stepfathers), or single fathers, scholars speculate that their unique situationsmay increase
the risk for paternal PPD (Eddy et al. 2019). The limited scholarly work conducted
over the last decade points to several potential risk factors that can contribute to the
development of PPD in men, including a history of depression, marital discord, poverty,
maternal depression, andunintendedpregnancy (Melrose 2010). Further, the incidenceof
paternal postpartum depression can be significant wherematernal postpartum depression
is also present (Melrose 2010). Despite these few studies, and the scale of the problem
(potentially affecting ~14% of new fathers in the US), PPD in men has not received
adequate attention from researchers, health practitioners and society (Kim and Swain
2007). One factor that contributes to the lack of attention (and possible under-diagnosis
of paternal PPD) is the difference in symptomaticmanifestation of PPD inmen compared
to women (Eddy et al. 2019). New fathers with PPD exhibit frustration, annoyance, and
anger instead of the telltale signs of maternal PPD such as sadness and listlessness, and
new red flags such as emotional withdrawal, focus on work, complaints of pain with no
cause, and troublesome behaviors such as extramarital sex, drugs, or gambling (Eddy
et al. 2019).

3 Research Approach

We focus on the early stage – problem exploration – within the design science research
(DSR) approach (Hevner et al. 2004) where the research team develops awareness of the
problem and its nuances (Vaishnavi and Kuechler 2012; Majchrzak et al. 2016). Prior
scholarship emphasizes the need to establish problem relevance (Hevner 2007). How-
ever, few scholarly reports elaborate this phase of the research process or describe how
specific techniques and tools may be used for this purpose. This ‘problem of the prob-
lem’ (Herwix and Haj-Bolouri 2021) is particularly acute for emerging and ill-defined
concerns, where appeal to kernel theories and literature review cannot help. On the other
hand, work related to design thinking (Brenner 2016) proposes several techniques and
guidelines that are squarely aimed at analyzing the problem and generating insights,
including any ambiguities and tradeoffs. Examples include adopting a beginner’s mind-
set, ethnographic observation, immersion in the user’s context, empathy mapping, and
character profiles creation (Brown 2009).

Within the DSR community, there is growing recognition of the importance of prob-
lem space exploration in recent years. Purao (2021) proposes several considerations for
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identifying and articulating design research problems. Maedche et al. (2019) conceptu-
alize the problem space in DSR and clarify the meanings of and relations among terms
such as needs, goals, and requirements. Herwix and Haj-Bolouri (2021) develop a prob-
lem assessment framework that scholars can use to assess and justify the importance of
the research problem. Beyond the DSR community, Majchrzak and colleagues (2016)
note the importance of articulating holistic and divergent perspectives about the problem
before exploring solutions.

Motivated by these contemporary perspectives, our work focused on exploring
the emerging, ill-defined set of concerns broadly outlined as ‘postpartum depression
among new fathers.’ There was one critical difference between how we proposed to
use design thinking techniques (Brenner 2016). Instead of relegating these techniques
purely towards design (Kelly 2004), we aimed at knowledge generation, similar to a
move towards a theory of the problem suggested by Majchrzak et al. (2016). We viewed
the design thinking techniques as cognitive and empirical tools to lend tactical support
for problem space exploration.

We relied on the double diamondmodel (DDM)of design thinking (Gustafsson 2019)
because of its alignment with the DSR methodology. DDM consists of two divergence-
convergence cycles. The first focuses on understanding the perspectives and challenges
of the intended users with the objective of ‘finding, prioritizing and articulating the
right problem’. It corresponds to the relevance cycle of DSR methodology. The second
cycle focuses on iteratively designing and evaluating prototypes with the objective of
‘developing the right solution’ (Gustafsson 2019) and corresponds to the design cycle
of the DSR process. Our focus on problem space exploration, therefore, made DDM
a suitable choice. Figure 1 maps the double-diamond model to a DSR process, and
highlights the scope of our work.

Fig. 1. Problem space exploration with the double-diamond model

Within the problem space exploration phase we conducted two iterations. The first
iteration (discover) included data scraping data from a social media platform Reddit™
and analyzing it to discover expressions of pain points from new fathers. Unlike other
social media websites (e.g. Facebook or Twitter), Reddit is a social news aggregation
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and discussion website optimized for community, conversation, and discussion man-
agement. It is the 7th most visited website in the US (source: Alexa Internet) with 430
million monthly active users and 30 billion+ monthly views. The subreddit community
for new dads with PPD has more than 1800 members. The scraped data included 346
transcripts from 121 individuals seeking help and several hundred others responding
to those questions. Each included: the query, response(s) posted, and non-identifiable
information about each contributor. We de-identified and cleansed these before moving
to qualitative thematic analysis (Fereday and Muir-Cochrane 2006) that included: (a)
open coding, (b) refining the codes by examining the tagged fragments, and (c) clustering
the codes to identify themes (see Holm and Severinsson 2014).

In the second iteration (definition), we conducted a workshop with subject matter
experts (using themes identified in the first iteration as the starting point). The partici-
pants included two obstetrics and gynecology nurses, one pediatric nurse, two primary
care providers, and one mental health counselor. The inspiration for this workshop were
the principles of participatory design (Spinuzzi 2005), which emphasize democracy,
mutual learning, tacit knowledge, and collective creativity to acknowledge the cen-
tral role of potential users in problem understanding and design ideation. During the
workshop (which lasted for approximately 2 h), each subject matter expert examined
the themes and provided insights into the challenges new fathers face. The workshop
produced composite personas (Madsen and Nielson 2010) and mapped pain points for
each persona grounded in the themes from the first iteration. Across the two itera-
tions, our efforts lead to exploring the problem space (as part of the larger design sci-
ence research methodology). Finally, we integrated outcomes from the two iterations to
identify meta-requirements from the problem class. We develop these outcomes next.

4 Fathers with PPD: Problem Space Exploration

4.1 Iteration 1 – Discovering Pain Points of New Fathers

The first iteration, with an emphasis on problem discovery (identification of pain points
from new fathers) relied on data scraped from Reddit™, what included questions about
postpartum issues from new fathers and others, and responses from volunteers. The data
(from 2012 to 2021) was scraped and analyzed following a thematic analysis approach.
The details of the process applied are summarized in Fig. 2.

By (re-)reading the text across 346 transcripts, and refining the codes over several
iterations, we generated 143 codes, which were clustered into 7 themes (and 19 sub-
themes). As an example, one themewas labeled “shame,” and included three sub-themes:
lack of attention (to depression from others), guilt of sharing with partners (who them-
selves were parenting), and lack of options to express (to friends who would remind
that my problems were minor compared to what my wife was going through). Table 1
summarizes the themes and sub-themes (pain points).

Consider the following excerpts. Each illustrates the complex challenges that new
fathers face as they battle the feelings of shame (theme 4), deal with panic triggers (theme
5) or engage in self-destructive behaviors (theme 6) and find little support (theme 3).
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Fig. 2. Data collection and analysis from an online forum

Table 1. Themes and sub-themes (pain points of new fathers)

Theme Sub-themes

1 Obstacles to self-care 1 Increased time demands

2 Challenges with sleeping

3 Challenges with personal grooming

2 Realization of new responsibilities 4 Increased stress

5 Increased financial pressure

6 Demands of infant care

3 Lack of support 7 Lack of empathy from friends and family

8 Feeling of loneliness

9 Lack of options to express

4 Feelings of shame 10 Lack of attention to depression

11 Guilt of sharing with partners

12 Losing a sense of identity

5 Triggers 13 Panic attack

14 Suicidal thoughts

6 Self-destructive behaviors 15 Substance abuse

16 Alcoholism

17 Excessive smoking

7 Changes to home routine 18 Shifting to new role as a parent

19 Need to attend to new chores at home
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“I think one of the reasons why so few men actually will talk about this is because
… I felt really guilty for a while after for not being strong enough.” (theme 4,
sub-theme: guilt of sharing with partners)

“I finally figured out that it was mostly being caused by my very high anxiety,
and it was made worse when I began smoking cigarettes.” (theme 5, sub-theme:
excessive smoking)

“I had severe depression for our second. At about 2.5 months I was having
murder/suicidal thoughts.” (theme 6, sub-theme: suicidal thoughts)

“This happened to me when my son was born. I tried talking about this with a
good friend of mine … [who] told me that I needed to shut up and that nothing I
was going through could even compare to what my wife must be going through.”
(theme 3, sub-theme: lack of options to express)

During the analysis cycles, we realized that the themes and sub-themes pointed to
concerns thatwere inherently inter-related.As an example, consider the three sub-themes
(e.g. feeling of loneliness) for the theme “lack of support.” Excerpts that were coded
and mapped to these sub-themes, often had elements of other sub-themes (e.g. guilt of
sharing with partners) from the theme “feelings of shame.” Although we describe the
pain points above as a somewhat ordered table, the greater realization for us was that the
lack of attention to PPD among new fathers was tied to the lack of acknowledgement of
this public health concern. As we continued our effort (second iteration), we focused on
developing an understanding of new fathers as individuals.

4.2 Iteration 2 – Developing Prototypical Personas

The second iteration, to develop a sense of new fathers as individuals (exploring and
identifying prototypical personas) relied on a workshop with subject-matter experts
(nurses, primary care providers,mental health counselors)who volunteered to participate
because of their experiences in dealing with postpartum depression among new fathers.
The workshop included a structured discussion, moderated by the lead researcher. A
preliminary version of results from thefirst iterationwere used to seed the discussion. The
discussion provided insights into the pain points (themes). The participants contributed
anecdotes and examples that underscored the importance of several pain points, and the
rationale for the incidence of pain points. As an example, the workshop revealed that
there were, in fact, few to no resources that new fathers could access (theme: lack of
support). Without the acknowledgement of paternal postpartum depression as a concern,
new fathers had no descriptors they could use to understand for themselves or express
to others what they were going through, which led to guilt (theme: feelings of shame).

Based on the rich anecdotes, the research team constructed prototypical personas
(for a holistic understanding of users not only in terms of their pain points, but also
their goals and capabilities (Mesgari et al. 2018)). This allowed greater appreciation of
the problem scope and ensured that the emphasis shifted (from the researchers) to the
potential users of the artifact or the service. The prototypical personas identified (with
goals and aspirations, needs, and pain points), were refined via presentations to other
health professionals (doctors, nurses and social workers). Table 2 summarizes.
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Table 2. Personas discovered

Persona
Peter, Age 21, Young, first-time parent

• Pain points: Feels lonely, Worried about financing his kid's life
• Needs: Support and understanding and friends, Interactions with support group
• Goals: Wants to build a financial platform for his kid’s life

George, Age 35, Established, first-time parent struggling with substance dependence
• Pain points: Gets anxious easily, Smokes or uses marijuana to cope with anxiety
• Needs: Coping mechanism to deal with anxiety, Support against substance abuse
• Goals: Wants to cope with anxiety without getting into substance abuse

Ernesto, Age 28, First-time parent with a struggling spouse
• Pain points: Overwhelmed with new responsibilities, Depressed spouse
• Needs: Interactions with support group, Managing relationship with spouse
• Goals: Balancing new work responsibilities with being a father

Amit, Age 42, Established, first-time parent
• Pain points: Negative feelings and anxiety, Has problems managing sleep and time
• Needs: Someone to discuss his problems, Resources to manage time and sleep
• Goals: Develop sleep and time management skills

Darius, Age 37, Third-time parent with a history of depression
• Pain points: Overwhelmed by the responsibility of multiple children, Struggles 

with loneliness and feelings of shame and guilt 
• Needs: Friends and social life, Resources to cope with feelings of shame and guilt, 
• Goals: Looking for quick screening and access to support services 

Consider one of the personas above (George, age 35). The structured discussions
lead to the following description of his persona.

George has always struggled with depression since grade school and has received
treatment and counseling. In his late 20’s, things gradually improved, and he got
married. He did not report an episode of depression for about seven years. The
situation changed dramatically after the baby’s arrival. His anxiety is no longer
manageable. He has returned to smoking as escape. His wife is not happy about
this turn of events. He constantly worries about everything, and his smoking seems
to be related to his worrying.

The personasGeorge (described above), Peter (who had an active social life), Ernesto
(whose wife also suffers from depression), Amit (who simply needs sleep), and Darius
(who tries to manage multiple children) revealed an inter-related and overlapping set of
pain points; and helped the research team to appreciate how each may interact with any
solutions constructed (with the design science approach). The personas, therefore, served
as clues to design ideation (similar to design thinking) as well as problem appreciation
(to develop a better understanding of potential users).
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4.3 Integrating Across Iterations – Identifying Meta-requirements

A reflective examination of the pain points (iteration 1) and prototypical personas (itera-
tion 2) allowed the research team to gradually transition from (a) a deeper understanding
of the problem space to (b) requirements for potential solutions that may be designed in
response. This conceptual move required the research team to appreciate the difference
between “needs and goals” on one hand, and “requirements” on the other (Maedche et al.
2020), mapped to the ideas of meta-requirements (Walls et al. 1992). As we reflected
on and integrated the findings from the two iterations to identify meta-requirements for
potential solution(s) for this problem (class), we were able to define the solution space,
i.e. possible solutions that can address anxiety disorders among men with the specific
case of postpartum depression among new fathers as an instance of this problem class.
Table 3 summarizes.

Table 3. Meta-requirements for (potential) solution space

Meta-requirements (elaborated for the problem of PPD among new fathers)
Educating expectant and new fathers about paternal postpartum depression

Why: Lack of awareness of the condition for new fathers
How: Education about symptoms, incidence, treatment options, myths
Potential benefits: Can promote healthy behaviors 

Providing self-screening tools for paternal postpartum depression 
Why: Lack of understanding about how the condition can manifest
How: Preemptive screening (e.g. Edinburgh scale (Cox et al, 1987))  
Potential benefits: Can identify individuals at risk

Offering support and interaction
Why: Lack of supportive and knowledgeable social connections
How: Interactive chat, Access to certified professionals as counselors
Potential benefits: Can answer questions, can help with loneliness 

Motivating care-seeking behaviors 
Why: Need for a positive outlook and amplifying a sense of hope
How: Sharing success stories from others, Gamification, Content framing
Potential benefits: Better care-seeking can result in faster recovery

Providing resources to deal with specific problems 
Why: Lack of information to address specific problems
How: Resources for time management, self-care, and others aimed at new fathers
Potential benefits: New fathers can access specific solution possibilities

Monitoring progress and continued support
Why: Need for persistence in addressing the condition
How: Sending reminders and nudges to encourage change 
Potential benefits: Prevent regression, Drive behavioral change

The meta-requirements suggest several possibilities for designing artifacts. These
remain on our future agenda following the DSR approach. Here, we describe one last
step in problem space exploration, validation of the findings so far.
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4.4 Validating the Findings

Our intent was to establish the credibility of our findings as a step towards the design of
artifacts following the DSR approach, i.e., we do not claim that the findings represent a
comprehensive problem explication. Instead, we articulate (a) pain points, (b) prototyp-
ical personas, and (c) meta-requirements towards generating effective design solutions.
Our efforts to validate the findings should be seen in this light, following pointers from
Maedche et al. (2020) for conceptualizing the problem space. Table 4 summarizes our
efforts, similar to qualitative research (e.g. Lincoln and Guba 1985).

Table 4. Validating the findings

Effort Description Outcomes

Triangulation Outcomes from the first iteration
(pain points) seeded the discussion
in the second iteration

The subject matter experts
confirmed the findings and
provided rationale

Member-checking Presentation to five health
professionals such as doctors and
nurses not involved in the
workshop (in iteration 2)

The health professionals
confirmed and refined persona
descriptions and pain points

Research Presentations Presentation of initial results from
thematic analysis at health IT
research conferences (SIG health
pre-ICIS workshop)

Positive feedback on
methodological rigor for
thematic analysis

5 Discussion and Next Steps

In this paper, we have demonstrated a systematic approach to problem space explora-
tion for paternal postpartum depression. Our approach outlines a possible response to
an important concern that has received much recent attention (Purao 2021; Herwix and
Haj-Bolouri 2021; Maedche et al. 2020). In doing so, we have also demonstrated how
the design science research approach can incorporate design thinking techniques that
go beyond traditional inputs to problem definition such as literature review and prior
theories (see Schoormann et al. 2020), which cannot illuminate the problem space for
emerging concerns such as paternal postpartum depression.

Some of our study’s findings are in line with other studies exploring mental health
illnesses such as depression (Patterson et al. 2022), obsessive-compulsive disorder (Ara-
batzoudis et al. 2021), and social anxiety disorder (Jarzabek et al. 2018). Similar require-
ments that can be generalized revolve around the need for information about the condi-
tion, self-screening for risk, and encouragement to take the next steps towards seeking
care. However, our study extends prior literature by emphasizing the importance of
resources needed to manage practical challenges such as finance and time management,
and social pressures that result from gendered roles. The study also notes the need for
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progress tracking and continued support to ensure that fathers with PPD do not acquire
and regress to high-risk behaviors such as smoking, binge drinking, or even drugs. Fur-
ther, our work is unique in that it, through prototypical personas, points to postpartum
challenges in young tomiddle-agedmen, a segment of the population that is least likely to
admit dealingwith PPD due to the stigma associatedwith such amental health condition.
Our results, therefore, point to the need for new and personalized solutions through spe-
cific methods such as gamification, content framing, and shared success stories. Further,
our work shows that PPD among men is different from other mental health illnesses due
to an appalling lack of awareness and the need for more (online) resources in educating
new and expectant fathers, as well as the families and community around them.

The study is not without its limitation. First, although we analyzed a large number
of transcripts (346), they were obtained from only one data source. Other sources may
provide access to new population segments and yield additional themes. Second, while
we attempt to provide as much methodological details as possible, we may not have
provided elaborate details on some research considerations due to space constraints. In
spite of these, we note that the scale of the problem (14% of new fathers) points to its
importance and the need for problem space exploration, and not just appealing to prior
theories. Our key contribution to the DSR community is, therefore, illustrating how
design thinking techniques can be used in tandem with the DSR approach.
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Abstract. The COVID-19 pandemic has put additional pressure on the
healthcare systems worldwide. It also led to a significant shortage of
blood products. Delaying surgeries resulted in an increased demand at
peak times that aligned with a decrease in blood donations at the same
time. While being crucial for many surgeries and also certain types of
treatments, blood cannot be produced artificially, but healthcare systems
rely on voluntary donations. The relatively short shelf-life of most prod-
ucts makes a close matching of demand and supply necessary. We argue
that smartphone applications can help to motivate donors to donate
blood when necessary, giving access to all relevant information and ser-
vices. By applying the design science research methodology, we derived
design principles for effective smartphone applications and present a con-
ceptual model in the form of mock-ups. We performed two design cycles
and evaluated the design principles and the conceptual model with reg-
ular, lapsed, first-time and non-donors from Germany in a focus group
discussion.

Keywords: Blood donation · Mobile apps · Design science research

1 Introduction

Due to the COVID-19 pandemic, even countries like Germany experienced a
shortage in blood products, especially during the summer months of 2021. Many
delayed surgeries were performed leading to a higher as usual demand, while
donations decreased with many potential donors being on vacation. The blood
donation centres expect another critical shortage once the Omicron wave will be
overcome. Blood is a very important resource in all healthcare systems world-
wide, crucial for many surgeries and also certain types of treatments. Unfor-
tunately, blood products cannot be produced artificially, but blood must be
donated by volunteers. What makes blood logistics and donation management
even more challenging is that most blood products have a relatively short shelf-
life, so they cannot be easily stored. In order to meet demand from hospitals,
sufficient donations are necessary. When donations exceed this demand, they will
be wasted, though, which should be avoided. Matching demand and donations
as closely as possible is therefore crucial. Unfortunately, due to various influenc-
ing factors, there is a high fluctuation of blood donors [25]. For example, young
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adults between 18 and 25 years in Germany often do not donate blood again
after they have donated once [4]. Motivating them to donate again can help to
prevent future shortcomings. Therefore, efficient and easy donor management
for blood donation centres is important to secure sufficient supply and prevent
“over-donation”. This means to provide access and information to all groups of
donors, regular (rd), lapsed (ld), first-time (fd) and non-donors (nd) [10].

First smartphone applications have been developed in practice to offer access
to information for blood donors. So far, no concepts exist for the design of a
blood donation app from a user’s point of view and theoretical foundations are
missing how to design apps that foster a behavioural change and increase the
donors’ willingness to donate blood to potentially better match donations with
demand. By applying the design science research (DSR) methodology, we want to
answer the following research question: How to design smartphone applications
to support blood donors and increase their willingness to give blood?

Section 2 presents existing blood donation apps. In Sect. 3, we discuss rel-
evant theories that we use as a basis for our research approach. Following, we
summarise the applied DSR methodology in Sect. 4, present the design principles
in Sect. 5 as well as a conceptual model in Sect. 6. The results of the evaluation
are presented in Sect. 7. The paper closes with a summary and an outlook on
future research in Sect. 8.

2 Existing Blood Donation Apps

In the US, the American National Red Cross provides an app, which can be
used to make and manage appointments and find nearby blood donation centres
[29]. After making an appointment, the user can apply the app to obtain a so-
called “RapidPass” containing all the necessary data. This enables the user to
complete the blood donation process more quickly as all data has already been
transferred. In addition, the user can overview the donation history including
all appointments, locations and vital parameters. The app also allows donors
to track the path of their blood donation all the way to the patient, informing
about when and where the donation was used for transfusion. For each donation,
donors receive digital badges that can be shared with friends.

Some of these functionalities are also provided by the app of the German
Red Cross (DRK) [9]. While the app does neither include a “RapidPass” nor an
overview of vital parameters or tracking of blood donations, it offers real-time
insights when the donor is eligible again and enables reminder services via email.
Furthermore, it provides a chat forum where users can exchange information and
experiences with other blood donors within Germany.

The German app “Statusplus Blutspende” developed by the start-up Tricode
combines all the functions of the two apps mentioned before. Additionally, it
even connects hospitals to inform users about their blood values as well as the
hospitals’ current blood stock to appeal for blood donations, if necessary [28].
This replaces the time-consuming and labour-intensive notification by post and
enables a faster response, especially in emergency situations. If there is a need
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for a specific blood group, individual messages can also be sent to matching
donors. So far, the app is used in Kiel and Lübeck. In the future, the app will
also include the donor questionnaires to reduce the administrative workload at
the donation centres and halving their processing time.

This feature is already available in the app “Mein Blut” of the Austrian Red
Cross, which also helps to find appropriate centres and appointments, provides
feedback on medical findings and the eligibility to donate again as well as access
to information about past donations and the digital donor card [22].

The above mentioned apps represent those with the most functionality. For
a detailed overview of blood donation apps, we refer the reader to the review of
Ouhbi et al. [24].

3 Behavioural Change Models Regarding Blood Donation

As there is an inextricable linkage between DSR and behavioural research [16],
designing socio-technical systems to induce changes in behaviour specifically
asks for psychological insights. In the context of blood donation, the theory of
planned behaviour (TPB) and its extensions (e.g., [14]) commonly build the basis
for the understanding of why people donate blood. Basically, the TPB frame-
work consists of three determinants, i.e., attitude, subjective norm and perceived
behavioural control, which are causal for intention, i.e., why people decide to do
something. Intention, in turn, determines future behaviour [1]. Regarding the
decision-making process for donating blood, attitude refers to the individual’s
weighing of all positive and negative options towards blood donation, subjective
norm to its perception of blood donation being (un)approved by significant oth-
ers and perceived behavioural control to the individual’s judgement of the own
easiness or difficulty of donating blood. However, the TPB does not consider past
behaviour and the degree of loyalty towards a certain behaviour. That is why
it is hard to predict an individual’s development and progress in behavioural
change [20].

Instead, some researchers [5,11] tested the applicability of the transtheoret-
ical model (TTM) to blood donation behaviour, as this theory mainly focuses
on the stages of change and the processes facilitating transitions between these
stages [26]. Regarding blood donation, the stage of change characterises how
willing an individual is to donate blood. According to the TTM, there are five
stages of change: precontemplation (not planning to donate blood, perhaps due
to unawareness, lack of knowledge or resistance regarding blood donation), con-
templation (thinking about, but not committing oneself to donate blood within
half a year, perhaps due to ambivalence regarding the pros and cons or lack of
confidence), preparation (after initiating first steps, ready to donate blood within
next month), action (actively donating blood for half a year) and maintenance
(loyally donating blood for at least half a year). Additionally, the TTM asserts
that there are ten processes of change which can be divided into experiential and
behavioural transition strategies. The former involve consciousness raising (e.g.,
recalling given information on blood donation), dramatic relief (e.g., being emo-
tionally touched by the opportunity to save someone’s life through own blood
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donation), environmental re-evaluation (assumption that all of the people in the
world would live a better life if every individual, who is eligible, donated blood),
self-re-evaluation (e.g., feeling anticipated regret if no blood donation is made
despite being eligible) and social liberation (e.g., realising that apart from hos-
pitals there are other places to donate blood). The latter include counter condi-
tioning (e.g., being distracted while donating blood), helping relationships (e.g.,
donating blood together with a friend), reinforcement management (e.g., having
the feeling of a rewarding experience through blood donation), self-liberation
(e.g., committing oneself to donate blood), stimulus control (e.g., distributing
blood donation stickers at home). The researchers, who tested the applicability
of the TTM, demonstrated that the developmental process of a blood donor
career starts with the experiential and ends with the behavioural strategies [11].

Even though theoretical frameworks have been efficiently applied to under-
stand blood donor behaviour, when it comes to practice, effective theory-based
recruitment and retention interventions are still missing [5]. To the best of our
knowledge, only a few researchers [17,27] recently tried to change this through
the development and testing of interventions. Klinkenberg et al. [17], who devel-
oped and evaluated recruitment interventions for African minorities in Western
Europe, even made use of an interplay between the TPB and the TTM, as
research demonstrated that there is a relation between the determinants of the
TPB and the stages of change of the TTM, i.e., attitude is more relevant in
earlier stages like precontemplation and subjective norm as well as perceived
behavioural control in the later stages [8]. So far, Sardi et al. [27] have been
the first to apply the TTM regarding the development of blood donation apps.
However, they mainly dealt with the gamification part in terms of the design
of such apps. They used the TTM to ensure that their gamified design sugges-
tions will be useful to all four blood donor types. In this paper, we build upon
their innovative work by extending the design suggestions and developing design
principles grounded on both theories, TPB and TTM, for the complete app.

4 Design Science Research Project

For addressing the challenge of promoting donors’ willingness to give blood, we
apply the DSR methodology [16], since we do not only aim to understand issues
related to blood donors, but rather to solve them by designing and evaluating
an appropriate software artefact in a specific context, i.e., smartphone applica-
tions for blood donors in Germany. Moreover, as indicated at the end of Sect. 3,
formulating design principles (DPs) grounded on justificatory knowledge for an
entire class of blood donation apps has not yet been done in research and thus
our study contributes to DSR as well as IS literature. By following the three
cycle view of DSR [15], we combine inputs from a blood donation expert and
potential end users (relevance) with the existing body of knowledge (rigor) for
our DSR project. As shown in Fig. 1, our research project is based on the DSR
framework proposed by [18] and is divided into two subsequent design cycles.

Our first design cycle served for the derivation of our DPs and a first eval-
uation of their theoretical instantiation via fictional blood donation scenarios
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Fig. 1. Design cycles with respective research activities

embedded in an online survey. Our research project started with the conduc-
tion of a systematic literature review on blood donation apps and the review
of high-quality practical solutions in order to find out which issues faced by
potential blood donors need to be and which ones are currently addressed by
such apps in an efficient way. In addition, to better understand our user group
for derivation of its possible requirements regarding the design of blood dona-
tion apps, we also reviewed factors influencing blood donor behaviour grounded
on the TPB explained in Sect. 3. Increasing the relevance of our research, we
selected an appropriate blood donation expert serving as an interview partner
in a semi-structured interview in order to refine and identify requirements that
have been and have not been covered by our first set of design requirements
(DRs). Building on the results of these research activities, we proposed three
DPs for blood donation apps. Subsequently, we theoretically instantiated our
DPs via fictional blood donation scenarios shown to potential end users through
a survey format. The online survey served for the evaluation of our proposed
design and consisted of ten blood donation scenarios representing our identified
requirements (e.g., making an appointment for blood donation). For the scenar-
ios, respondents could choose from three alternatives, i.e., website, chatbot and
app. In each case they had to decide which one met the presented requirement
best. Therefore, we could not only determine if the blood donation app is per-
ceived as useful but even if it is the tool of choice for them. Overall, the survey
revealed that in seven out of ten scenarios the app was the most preferred tool.
The website was chosen for the remaining three scenarios representing situations
that ask for information retrieval. In the future, almost half of the 213 respon-
dents would rather use an app (48.36%) than a website (41.78%) or a chatbot
(9.86%). Regarding the demographics of the participants, 55.4% were female and
all were between 18 and 68 years old, with the majority (76%) being between 18
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and 35. In conclusion, through the findings of our evaluation we generally felt
vindicated in our research project and specifically in our preliminary proposed
design.

We started the second design cycle with further reading on blood dona-
tion app features to better understand the suitability of specific design features
(DFs) for our first conceptual instantiation. As a consequence, we translated the
existing DPs into concrete DFs, which we identified as appropriate for an app.
We then instantiated the DPs in the form of a blood donation app conceptual
model developed with Marvel, a platform for building clickable app prototypes
[19]. Subsequently, we qualitatively evaluated the artefact and the DPs in an
explorative focus group workshop with potential end users and asked for their
rating of each DF in order to prioritise them.

5 Designing Smartphone Applications for Blood Donors

Minimising potential barriers such as inconvenience and lack of knowledge as
well as fostering motivators, both grounded on the TPB and its extensions,
is crucial in order to induce changes in blood donor behaviour [3]. However,
most of the studies discussing app design solutions for blood donor mobilisation
and management rather take technical issues such as system requirements into
consideration than focusing on user-centered design (e.g., [23]). Only Foth et al.
[12] as well as Batis and Albarrak [2] not only included perspectives of blood
donors but also considered blood donation centres. Even if the research of Batis
and Albarrak is closer to a complete app, they both provide a list of design
features that other researchers, developers and designers can make use of. Based
on their research as well as on those of Sardi et al. [27], the expert interview and
the review of existing apps (see Sect. 2), we derived and formulated three DPs for
blood donation apps promoting donors’ willingness to give blood according to
the structure proposed by Chandra et al. [6] and translated them into concrete
DFs (Fig. 2).

6 Conceptual Model

For the conceptual instantiation of the proposed DPs, we used the already exist-
ing apps mentioned in Sect. 2 for orientation. To the best of our knowledge, we
are the first who regard the design of a chatbot-based blood donation app. The
survey of Batis and Albarrak among donors revealed that almost 30% of the 383
respondents miss a personal touch when using a blood donation app [2]. Since
being perceived as anthropomorphic is one of the main purposes of chatbots,
they are appropriate to give the feeling of a human contact [31]. Even though
interaction with a chatbot means communicating with a software program emu-
lating human conversation, it feels like talking to another human being while
writing text messages in natural language back and forth [7]. We argue that a
chatbot as part of a blood donation app offers the opportunity of a follow-up con-
versation with further questions being answered leading to a deeper engagement
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Fig. 2. Derivation of design principles and their mapping to design features

with donors. Moreover, more than half of the survey participants (54.1%) stated
that they have concerns about the inability of getting their questions answered
promptly. Again, a chatbot counteracts these concerns by its short resolution
times and its availability 24 h a day on seven days a week [13].

Since our tailored artefact is not only grounded on the TPB but also on the
TTM, when users first register and log into the app, they are asked to answer
four questions to determine their initial stage of change [27]. Based on the staging
algorithm developed by Burditt et al., the questions comprise the assessment of
the eligibility to give blood, the specification of past donations within last year as
well as the assessment of the willingness to give blood within the next six months
and next month [5]. Similar to the proposal of Sardi et al., if the result depending
on the respective answers is “precontemplation”, no status is attributed to the
user, whereas for the other four stages of change the user’s status is symbolised
(see example in Fig. 3 on the left in the upper right corner) [27]. According to the
determined stage of change, a chatbot can react appropriately with regard to its
initiated exchange of expectations and experiences as well as awareness-raising
and motivational approaches. Besides the chatbot, by means of a variety of other
design features, our blood donation app encourages the user to go through the
individual processes of change that positively influence the user’s willingness to
donate blood. The two snapshots of our conceptual user interfaces in Fig. 3 show
which process of change is triggered by which design feature.
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Fig. 3. Mapping of design features to processes of change

7 Evaluation

To receive qualitative feedback on our proposed design, we conducted an
exploratory focus group workshop with potential end users of our artefact [30].
In DSR, this evaluation method is common to receive feedback on as well as
ideas for further improvement of initial artefacts and designs [21]. Inspired by
Morana et al., we performed a strengths, weaknesses, opportunities and threats
(SWOT) analysis to get the workshop participants easily involved in interactions
and discussions [21]. Overall, we invited eight participants with two representa-
tives of each donor group. Out of the two males and six females, we considered
a balanced age mix (from 19 to 60 years) as well as occupational backgrounds
(i.e., students of different disciplines as well as employees in different sectors).
With this purposeful selection, we wanted to ensure comprehensive feedback
from diverse perspectives and investigate if there are differences in terms of age
and donor type.

With consent of the participants, the focus group workshop was recorded
and conducted via a video-conferencing tool that allowed to share the screen for
visualisation of our conceptual model. It lasted a total of two hours and was tran-
scribed afterwards for further analysis. After the model’s presentation, we asked
the participants to name features that were not covered by our initial design or
that seemed unnecessary to them. In their prevailing opinion, features belonging
to gamification could be more attractive to younger users. In addition, while the
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Table 1. Rating of design features by the focus group participants with respective
gender and age in brackets below

Rank DF Mean nd1 nd2 fd1 fd2 ld1 ld2 rd1 rd2

(m, 19) (f, 56) (m, 27) (f, 27) (f, 24) (f, 60) (f, 24) (f, 53)

DP1 1 3 4,625 5 4 5 5 4 4 5 5

2 1 4,125 5 4 3 5 4 3 4 5

2 4 4,125 5 4 3 4 5 4 3 5

3 2 3,875 4 4 4 5 5 4 1 4

4 5 3,750 3 4 5 4 4 3 4 3

5 6 3,125 4 3 2 3 4 4 3 2

DP2 1 8 4,250 5 3 4 5 4 3 5 5

2 7.1 3,625 2 4 5 3 5 3 3 4

3 7.2 2,750 2 2 4 3 3 3 2 3

4 11.1 2,375 2 4 1 4 2 3 2 1

5 10 2,125 2 2 3 3 2 3 1 1

6 9 1,750 1 2 1 2 1 3 1 3

7 11.2 1,625 2 2 1 2 1 2 2 1

DP3 1 15 4,875 5 4 5 5 5 5 5 5

2 14 4,375 5 4 4 5 3 4 5 5

3 6.7 4,250 4 4 4 5 5 4 3 5

4 6.9 3,375 3 3 4 4 4 3 3 3

5 13 2,375 1 3 5 3 2 2 2 1

6 12 2,250 3 2 4 2 1 3 2 1

6 6.8 2,250 2 2 3 3 2 4 1 1

Table 2. Summary of SWOT results
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younger lapsed donor missed the rating of donation centres regarding criteria
like average waiting time or parking facilities, the older one proposed a feedback
option on blood values together with suggestions for health improvements (e.g.,
change of diet).

Next, we explained the three DPs for apps to promote donors’ willingness to
give blood and demonstrated how each of the DPs was instantiated in our con-
ceptual model. After each demonstration, we asked the participants to evaluate
the importance of each DF on a rating scale ranging from 1 (not important) to
5 (very important) via a survey format. The results are presented in Table 1.
Each survey was followed by a SWOT analysis of the particular instantiations
of the DPs. We asked the participants to write their feedback into four SWOT
analysis boxes on a digital whiteboard that we prepared in advance. Afterwards,
the moderator read the feedback out loud and discussed it within the group.
The results are summarised in Table 2. In general, our participants appreciated
the central and direct access to important data and relevant information pro-
vided by the app as well as its low complexity. They further stressed that the
latter is specifically important to people who might be less skilled in using IT.
Regarding the proposed DPs, the focus group acknowledged the importance of
all three. DP1 was rated as most important to them, followed by DP3 and DP2.
The general discussion showed that the personal (health) benefit is important
for most of the participants. Therefore, it is not surprising that DF15 (medical
findings) was rated to be most important, followed closely by DF3 (digital donor
questionnaire).

At the end of the session, we asked the participants to fill out one last survey
asking them if they would personally use the app and why or why not. All
participants acknowledged the app’s usefulness. For almost all of them, the two
features blood donation tracking (DF14) and medical findings on blood levels
(DF15) are most important for using a blood donation app. Overall, the feedback
of the focus group was promising and we received valuable input for further
research and an instantiation of our artefact.

8 Conclusion

In this paper, we addressed the challenge of promoting donors’ willingness to
give blood by applying the DSR methodology and developed design principles
for blood donation apps grounded on two behavioural theories. We instantiated
three DPs and a first conceptual model and evaluated them in a focus group
workshop with all four groups of donors to investigate the general applicability.
As a consequence, we contribute with prescriptive knowledge for designing blood
donation apps that increase engagement of regular, lapsed, first-time and non-
donors. The main limitation of our work is the focus on the German system.

In future work, we aim to build a functional prototype considering the focus
group feedback together with privacy and data security experts. This prototype
will then be evaluated in a larger user study with a combination of an online
survey and in-depths experiments as well as focus group discussions. We will
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further investigate and compare the attractiveness of apps and websites. While
research shows that rewards can positively affect the willingness to donate, we
were surprised that the topic was raised by the focus group, as it contradicts
the idea of donation. We therefore want to investigate the actual importance of
rewards and potential implications for blood donation in general as well as for
the design of blood donation apps. We also want to study how much the design
depends on the healthcare system and the cultural context. For example, other
cultures may perceive social media or the integrated chat forum as more valuable
than German participants do. A current research project allows us to study the
applicability and the usefulness of a blood donation app in South Africa. Within
this project, we aim to develop solutions that support blood donors as well as
blood donation centres. Therefore, apart from blood donors, we also intend to
study the design of blood donation apps and chatbots from the perspective of
donation centres. As a next step, by conducting expert interviews on site, we
want to determine their requirements.
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Abstract. Entrepreneurship and innovation scholars are attracted by the com-
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1 Introduction

There is growing interest in design theory and design science among entrepreneurship
and innovation scholars, who are attracted by the potential to productively combine
conceptual fruitfulness, scientific rigor, and practical relevance. These issues are clo-
sely related in the sense that particular conceptual frameworks are more or less con-
ducive to sound and managerially relevant research.

Consider the field of entrepreneurship research. Here the so called dual-nexus
model has held sway for over 20 years (Shane and Venkataraman 2000; Venkataraman
1997). Building on abstract theories of entrepreneurship as an economic function,
entrepreneurship is conceptualized in terms of enterprising individuals who first
identify and then exploit lucrative market imperfections. Frustrated with its limitations,
the last decade has seen this model come under heavy criticism for being conceptually
incoherent (Dimov 2011), empirically intractable (Davidsson 2015), and practically
irrelevant (Berglund and Korsgaard 2017). Building on insights from design theory
(Sarasvathy 2003), cultural anthropology (Baker and Nelson 2005), and practice theory
(Thompson et al. 2020) , there is now a trend to instead conceptualize entrepreneurship
in pragmatic terms as a form of artifact centered design, with the artifact in question
being the “venture”, “business”, ”startup” etc. (Berglund, Bousfiha and Mansoori
2020).

Closely related to this conceptual shift in focus, scholars increasingly feel attracted
to design science research methodology because of its liberal attitude toward disci-
plinary boundaries. Innovation and entrepreneurship, almost by definition, concern



open-ended situations and wicked problems, which are often difficult to understand and
solve within any disciplinary framework. Under such conditions, the pursuit of relevant
knowledge and useful solutions are often transdisciplinary (Bernstein 2015) with
researchers pragmatically using of theories and solution concepts regardless of their
origins. Building primarily on insights from Information Systems, there are also efforts
underway to develop methodological guidelines for design science research targeting
innovative entrepreneurship (Dimov 2016; Seckler, Mauer and Brocke 2022).

The papers in this session reflect this growing interest and emerging entwinement
of design theory and design science. We hope that the presentations and discussions
will give further energy to this much needed development.
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Abstract. This paper reports on a design science project developing an innovation
accounting system for a professional service firm. Innovation accounting is an
approach to track the progress of innovation activities. Although the subject of
study has a defined product innovation process, there is a lack of measurable
information on the outcomes of innovation activities. This implies a blind spot in
the effective allocation of resources in innovation activities. In this paper a design
science approach is used to bridge the existing concepts on innovation accounting
and the needs of user groups. The output of the paper is a conceptual solution
design for an innovation accounting system in the context of the product innovation
process for a professional service firm. The learnings from the study are transferred
into design propositions by using the CIMO-logic. This paper contributes to the
body of design knowledge on innovation accounting in professional service firms.

Keywords: Innovation accounting · Professional service firms · Design
knowledge · Design principles

1 Introduction

For professional service firms (PSF) it is increasingly important to engage in innovation
activities. In general, PSFs can be described as human capital-intensive companies that
provide knowledge-intensive services. PSFs are characterized among other things by
partnerships, professional knowledge-intensity, mechanisms to ensure the delivery of
high-quality expert’s output, and a high focus on reputation [1].

Innovation activities comprise activities to identify, develop, implementing, and
exploiting digital innovations [2]. Innovation activities help to transform PSFs towards
technology-driven companies by exploring new value propositions and digital business
models [3]. Under the pressure of rising costs and increasing uncertainty, the creation
of new digitalized professional services requires innovation activities that need to be
well-structured and outcome-focused [4].

While innovation activities are crucial for PSFs, the question of how they can be
measured and managed remains a neglected area. In former times, innovation teams
would present a full business plan, including a calculated return on investment and net
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present value, before starting development. This meant that they would only receive
customer feedback once the product was already on the market. Nowadays, companies
divide the innovation process into smaller parts and try to gain customer insights right
from the beginning to derive evidence-based decisions [5]. The arising question is: how
could an innovation accounting system look like to assess the success of digital product
innovations developed within a professional service firm.

To tackle this question, we conducted a design science research project [6]. Design
science is a scientific approach aiming at developing design knowledge using the scien-
tific method [7]. A design science research project approach can be ‘conceptualized as a
research strategy, aimed at knowledge that can be used in an instrumental way to design
and implement actions, processes or systems to achieve desired outcomes in practice’
[8]. We followed van Aken &Berends [6] design science methodology which comprises
the following phases: (1) problem definition, (2) diagnosis, (3) solution design, (4) eval-
uation, (5) learning. The outcome is an innovation accounting system for an end-to-end
innovation process in PSFs with a curated holistic set of key performance indicators
(KPIs) that considers activity- and outcome-oriented metrics and contrasts them for the
different user groups in the PSF.

Overall, this paper contributes to the body of design knowledge and has direct prac-
tical implications. First, this study contributes to the body of design knowledge by
developing an innovation accounting system for the professional service field. While
previous innovation accounting systems were focusing primarily on corporates [e.g., 9,
10], the proposed innovation accounting system accounts for specificities of the PSF sec-
tor. Second, based on this project we abstracted more generalizable design principles on
innovation accounting in PSFs.While the field of innovation accounting is growing it has
not yet considered the perspective of knowledge-intensive services. The derived design
propositions will help to close this gap. Third, the developed innovation accounting sys-
tem had immediate practical implications for the cooperating firm and was implemented
to guide the innovation process.

2 Problem Definition and Diagnosis

2.1 Research Question

This study addresses a practical problem of a PSF to develop more general design
knowledge. The practical problem can be described as follows:

Shortly after the innovation initiative has been started in the firm, which is the subject
of study, the user groups have successfully launched two digital product innovations that
went through the firm’s defined innovation process. This is an end-to-end process, i.e.
spans all development stages from conception and validation of the idea, to the technical
implementation and eventual marketing of the new product. The four stages of the firm’s
process are called Discover, Design, Develop and Deliver.

However, the innovation team perceives a blind spot in the process regarding mea-
surement. They have identified a lack of performance indicators for the digital product
innovations across the stages. This could result in the misallocation of resources, e.g.
by spending too much time and money on innovation activities. Thus, this leads to the
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research question: How could an innovation accounting system look like to assess the
success of digital product innovations developed within a professional service firm?

This paper will explore the research question following Osterwalder’s opportunity
framework. The framework conceptualizes opportunities as ideas to emerge at the inter-
section of (a) customer or stakeholder needs, and (b) what can be built [11]. (a): To
empirically identify the needs of the key stakeholders within the digital product inno-
vation process, semi-structured interviews with the user groups were conducted. (b):
To derive what can be built, the literature on innovation and related literature around
innovation and success measurement were reviewed. To derive an answer in accordance
with the framework the following sub-questions (SRQ) were investigated:

SRQ1:What are the needs of the user groups in the innovation process? (see Sect. 2.2).
SRQ2: What approaches exist in relation with innovation accounting? (see Sect. 2.3).
SRQ3: What kind of innovation accounting should be designed? (see Sects. 3.1, 3.2).

2.2 What Stakeholders Need: Analysis of Needs of Relevant User Groups

The exploration of stakeholder needs was conducted three sixty-minute semi-structured
interviews as well as a ninety-minute workshop in which each user group provided
insights about their perception of innovation activities within their department, their
role and needs during the process. The user groups involved in the innovation process
comprised (a) the management team (senior partner-level) who governs the process and
who approves or rejects an innovation to be implemented, (b) the solution owners, i.e.
the subject-matter-experts who provide and develop their idea with the support of the
innovation team, and (c) the innovation team, which is the intermediary party, that drives
innovation activities by guiding the solution owners through the process, evaluating
and co-designing the ideas, overseeing the implementation and creating the basis for
marketing and sales, as well as for reporting.

The management team’s strategic goal is to explore and exploit new business models
to generate revenue as well as use cutting-edge technologies to create a digital image to
attract talent. The role of themanagement team is on the one hand to equip the innovation
teams with freedom and budget to create innovative business opportunities. On the other
hand, they make investment decisions and therefore require objective assessments of the
progress and impact of innovation activities.

The solution owners work on innovation ideas alongside their regular professional
service projects. They believe that during the next years, services and interaction with
clientswill change because of the technological progress and they see it as an opportunity
to provide ideas that can turn into new business models. During the development of new
solutions, their focus is to ensure that the digital solutions meet the high professional
standards of the firm. However, they understood the importance of customer-centric
design and the importance of validating ideas as early as possible in the process. In
addition, they expect that progress tracking should be carried out in each innovation
stage and within a reasonable amount of time.

The innovation team is the main user group because of their role to drive the inno-
vation activities, guide the solution owners through the process and report the progress
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to the management. They provide the resources, tools, and knowledge to realize innova-
tion activities. However, despite the defined innovation process they lack transparency
on outcomes in each innovation stage and project. They have a handful of metrics in
place, but it does not cover the entire process, which results in an uncertainty about the
effectiveness of resource allocation.

At large, the empirical analysis provided insights to derive the stakeholders needs.
Throughout all user groups, these needs can be synthesized in design principles which
are summarized in the following Table 1:

Table 1. User group’s design principles

Design principle 1 Product innovations should contribute to strategic goals.
Design principle 2 Progress should be measurable. 
Design principle 3 Progress metrics should cover all development stages. 
Design principle 4 Progress metrics should be delimited between development stages. 
Design principle 5 Progress metrics should be informative and intuitive for all stakeholders. 
Design principle 6 Progress metrics should be consistent for all stakeholders. 
Design principle 7 The measurement system should be continuously improved. 

2.3 What Can be Built: Existing Innovation Accounting Approaches in Literature

The term innovation accounting was first introduced by Eric Ries in his book “The
Lean Startup” and describes a systematic process for startups to track the progress of
innovative ideas that face high uncertainty in order to keep them accountable [12]. The
concept of innovation accounting has been adopted in the area of innovationmanagement
as traditional financial metrics were not suitable and transformative innovation was
executed poorly because of using tools and KPIs that are not applicable [13].

A review of literature suggests that three general frameworks on innovation account-
ing have been proposed. First, Viki et al. [9] provide an innovation accounting framework
that takes a holistic view and comprises three types of KPIs: Reporting KPIs are related
to activities of the innovation practice. Governance KPIs serve the management for
investment decisions. Global KPIs reflect the strategic impact of the innovation activ-
ities. Furthermore, the authors suggest measuring activity as well as impact metrics to
assess innovation activities, where activity metrics are predominantly used in the early
innovation stages and impact metrics in the later stages. Gons & Toma [14] expand the
view and add key result indicators to their innovation accounting framework in addition
to the KPIs. The result indicators give information about the result of a certain innovation
process and provide a broader understanding to the innovation participants.

Second, Osterwalder et al. [10] provide innovation metrics for the exploration of
new value propositions. Like Viki et al. and Toma & Gons, they provide a concept that
considers different viewpoints of stakeholders in the innovation process. The innovation
metrics shall support the innovation teams to de-risk assumptions and reduce uncertainty.
In addition, themetrics shouldmake it possible for themanagement tomanage projects in
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a portfolio view and to provide themwith a scorecard that holds information considering
the strategic contribution, business opportunity and risks.

Third, Binetti [15] addresses the topic primarily from a finance perspective. He
argues that people that provide budget to the innovation teams, need financial metrics
to substantiate the investment decisions. With the trinomial tree, the author created an
approach to price the options for generated learnings from experiments by the innovation
team so that the finance team can value the innovation after each iterative step and can
make an investment decision for the next iteration.

The current discussion around the metrics of innovations shows what can be built
with the current concepts. The literature agrees that innovation activities should employ
accountingmeasures to achieve the best outcomeswhen searching for newvalue proposi-
tions and business models. Such metrics should not work against conventional financial
metrics but work as additional indicators for a comprehensive innovation evaluation.
The metrics to assess the progress and success of innovation activities must start early
in the process and should be in line with the respective innovation framework, like lean
innovation, business model generation, etc. Finally, innovation accounting provides a
fact-based decision-making process for innovations.

3 Solution Design

3.1 Design Requirements

Design requirements are attributes that the artifact being designedmust meet, taking into
account the expectations of the user groups. There are four design requirement categories:
(a) functional requirements, describe core functionalities that drive the performance of
the solution; (b) user requirements, which are specifications by the addressed user of the
solution; (c) boundary conditions, describe conditions that have to be unconditionally
met; (d) design restrictions, which can be described as the solution space that is preferred
by the user group [16].

The functional requirements are designed by applying the S.M.A.R.T. framework
[17]. The innovation accounting system shall contain specific metrics that are clearly
defined. The metrics must be provably measured and provide evidence for the user to
make decisions. For each metric a specific action must be executed by the user. Each
metric in the innovation accounting system must be specified in a way that it is realistic
to reach. Each metric shall be bounded to a reasonable time frame within the innovation
process.

The user requirements include that the innovation accounting system shall cover the
entire innovation process where a sub-set of metrics are specifically defined for each
innovation stage. The metrics shall be defined specifically for each relevant stakeholder
in the process. Besides the progress tracking of product innovations, the activities and
outcomes during the innovation process should be measurable. The metrics must be easy
to understand, interpret and use for all stakeholders. Both internal and external perspec-
tives must be considered when determining progress, such as examining feasibility. The
measurement systemmust be fully comprehensive and thus of benefit to all stakeholders
during and throughout the process.
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The boundary conditions comprise that the innovation accounting system needs
to consider the existing structures within the company, like innovation process for
developing digital products, business procedures, performance systems, or hierarchies.

The design restriction is to include only a considerably manageable number of
metrics in each innovation stage.

3.2 Object Design

To outline the conditions for a general framework to derive the accounting metrics a
systematic determination of the design options of innovation accounting is carried out.
For comparing the number of differentmodel proposals, a systematic classification canbe
established using themorphological boxmethod. The principle of themorphological box
is a creativemethod to structure all potential solutions for a problem [18]. Figure 1 shows
the possible combinations and the (darkened) selection of the innovation accounting
parameters that represents the outline for the proposed system’s design. The selection of
metrics follows primarily the idea of Viki et al. [9] especially because of the distinction
of the user group’s viewpoints and is complemented by specific metrics, that are relevant
from the perspective of a PSF. As discovered in the interviews, the strategic goal of the
innovation activities is not formalized and therefore the focus of themetrics lies primarily
on the progress and activity tracking and not on the strategic impact.

Fig. 1. Morphological box design selection

Solution Design. The designed solution object consists of two parts: (1) process-
specific metrics, that is a set of metrics that focus on the progress tracking within each
stage of the defined innovation process (marked with a star icon), and (2) cross-process
metrics, that is a set of metrics that cut across the innovation process (marked with a
triangle icon in Fig. 1).
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Process-Specific Metrics. With reference to the requirements described in Sect. 3.1
process-specific metrics are designed alongside the innovation process and should track
activities and outcomes in each stage. The progress tracking is relevant for each stake-
holder from a different viewpoint and therefore should be defined with respect to each
user group. However, to design a rather concise model, not more than five to ten metrics
shall be defined per innovation stage that are not product-specific and should be mea-
sured in each build-measure-learn iteration. Applying these parameters in the model the
complexity of the system is expected to be moderate and manageable (Table 2).

Table 2. Innovation process-specific metrics

User Metric  Innovation stage & metric 
group type Discover Design Develop Deliver 

In
no

va
tio

n 
pr

ac
tic

e

Ac
tiv

ity
 

No. of cus-
tomer conver-
sations 

No. of user 
interviews  
No. of obser-
vations 
No. of inter-
nal interviews 
No. of proto-
types built 

No. of mile-
stones 
No. of scope 
changes 
No. of defects 

External reach 
Internal reach 
No. of leads 
No. of customer 
demos 
No. of users 
Sales split  
(direct /indirect) 

O
ut

co
m

e 

No. of validat-
ed problems 

Time cost per 
learning 
Hypotheses 
developed 

Development 
velocity
Sprint burn-
down 
Cumulative 
flow diagram 

Cost per lead 
Growth funnel  
Lead conver-
sion rate 
Customer 
lifetime value 

In
no

va
tio

n 
m

an
ag

em
en

t Ac
tiv

ity
 No. of deci-

sions made 

O
ut

co
m

e 

Risky assump-
tions identi-
fied 
Validation  
velocity 
% at problem-
solution fit 
Strategic fit 
Budget spent 
per stage 
Decision time 

% milestones 
achieved 
Budget spent 
for develop-
ment 

Return on 
product de-
velopment
expense 
% at product-
market-fit 
% at scale 
Budget spent 
for campaign-
ing 

Cross-Process Metrics. These overarching metrics (marked with a triangle icon in
Fig. 1) give insights about the activities throughout the innovation process and provide
information to continuously improve the process. The metrics are primarily relevant to
the management team to keep track of the innovation activities in general (Table 3).
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Table 3. Innovation cross-process metrics

Metric type Metric 

Ac
tiv

ity
 

No. innovation challenges 
No. of discovery workshops 
No. of ideas submitted 
No. of products per innovation stage 
No. of products moving stage 

O
ut

co
m

e No. validated businesses 
Average amount spent per stage 
Average amount spent per product 

4 Evaluation

At this point in the project, we performed a descriptive evaluation of the artifact. A
descriptive evaluation is an informed argument about the artifact’s utility [19]. The
evaluation of the solution covers a range of criteria which include feasibility, ease of
use, operationality, effectiveness and efficiency [20]. Table 4 visualizes the requirement-
solution-fit by comparing the requirements with the object design.

Table 4. Requirement-solution-fit

Requirements Solution fit 

Functional 
requirements 

Specific 
Measurable 
Actionable 
Reachable 
Timely 

User requirements 

Innovation stage related 
Role specific 
Process improvement 
Easy to grasp 
Internal and external viewpoint 
Comprehensive 

Boundary conditions
Company structures  
Innovation process 

Design restriction Limited amount of metrics 
OVERALL FIT 

 Complete fit  . . .      Limited fit  
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Regarding the functional requirements, the reachable attribute shows in the compar-
ison a limited fit to the given solution model. It raises the question if this requirement
is of substance in this context. On the one hand, the development happens in iterative
steps, where, after each step, knowledge is generated and evidence-based decision mak-
ing can be applied. Thus, if, for example, the innovation team discovers after the first
customer interview that the idea does not solve the customer’s problem at all, it could
be counterintuitive to spend more time or budget, e.g. on conducting more interviews
in order to complete a defined number of interviews which would be required by the
system.

The solution model is limited in terms of comprehensiveness. It considers the dif-
ferent viewpoints and activities of the stakeholders. However, it primarily focuses on
the execution and governance of innovation activities but covers the strategy perspective
only to a limited extend because of information constraints regarding the strategic objec-
tives. As outlined in the literature, the innovation accounting system should integrate the
strategic impact of innovation activities as well [9, 10].

With focus on the metrics, it is possible that the stakeholders must introduce new
workflows to set the basis for the measurement of certain metrics. Thus, the value of
tracking the progressmust exceed the effort to introduce newworkflows, e.g. agile devel-
opment workflows like Scrum or Kanban, or technical solutions to track lead generation
when marketing the product.

Introducing the innovation accounting system would fundamentally change the con-
ventional approach and would need a shift in the mindset of all stakeholders on the
importance ofmaking progressmeasurable fromavery early stage. Tracking the progress
from the beginning and thereby creating transparency can lead to skepticism among the
participants of the innovation process [21]. This means, that although the innovation
accounting system is a tool to create transparency for progress, instead it could be used
to judge somebody on the outcomes.

Overall, the solution model addresses the key problem and provides a framework
for measuring the progress of digital product innovations in the innovation process. It
creates a structured approach towards measuring the success of product innovations and
gives insights about the overall innovation activities and through-put. Consequently, the
perceived blind spots as of today will be drastically reduced. The user groups gain an
early understanding of the product innovation potential and can derive evidence-based
decisions in every development stage. As a result, this transparency creates an awareness
of the resources used.

5 Learning

By applying the CIMO-logic the learnings from the thesis on the conceptual solution
design are synthesized and transferred into design propositions for innovation account-
ing. The CIMO-logic provides a structured approach to derive the propositions by com-
bining the context with specific intervention types, which follow certainmechanisms and
lead to defined outcomes [22]. The attributes of the design propositions are summarized
in the following illustration (Fig. 2).

This paper developed an innovation accounting system for an end-to-end innovation
process in PSFs (C) with a curated holistic set of KPIs that takes into account activity-
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Fig. 2. Design proposition with CIMO-logic

and outcome-oriented metrics and contrasts them for the different user groups in PSFs
(I) promoting an evidence-based decision-making (M) to manage innovations efficiently
(O).

The existing literature around Viki et al. or Gons & Toma provide holistic perfor-
mance indicators for innovations in corporations, taking into account a company-wide
innovation framework and the different stakeholder perspectives [9, 14]. In contrast, this
paper complements the existing literature by proposing an approach that is applicable for
the peculiarities of PSFs [1]. The KPIs selected consider on the one hand the importance
of decentralized partnership structures, meaning that the innovation accounting system
proposed in this paper is applicable for a division of partners who are jointly deciding on
funding innovations in the endeavor of new business opportunities. On the other hand,
the importance of the connection between the innovation team, that has the expertise
to find new business models, and the subject-matter experts, who have the technical
expertise that flows into the innovations.

In addition, this paper argues that innovation accounting in such a corporate envi-
ronment (C) considers introspective learning (I) in addition to extrospective learning,
like user tests or any activity that addresses the outside of the company. Introspective
learning, i.e. internal interviews, is of importance as it provides evidence about the inter-
nal feasibility (M) and to gather evidence on how the innovation performs internally by
building a network of supporting actors (O).

As proposed by the literature, innovations should be validated early in the process to
de-risk assumptions and reduce uncertainty, e.g. by customer interviews or other external
exploration activities [9, 10, 14]. To meet certain characteristics of PSFs, the proposed
innovation accounting system adds on to the indicators in the existing literatures by
introducing introspective learning to ensure the internal validation and future success of
the innovation. Firstly, subject-matter-experts with high professional standards have to
validate the quality of the idea to ensure feasibility. Then, customer applicability also
needs to be confirmed to reduce the firm’s fear of reputational damage. Secondly, as
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in PSFs, services are sold not by salespeople but by the professional workforce, the
internal validation is of importance to gather evidence on acceptance of the innovation
and potential network for market distribution.

The design propositions aim to provide a blueprint for actors like the innovation
team who confront similar challenges in PSFs. In addition, the design propositions can
perhaps also be useful for other industries as well. They point out a comprehensive
version of what needs to be done to design and implement an innovation accounting
system in a certain context.

6 Conclusion

The designed innovation accounting system for PSFs is a conceptual solution to make
each activity and outcome measurable in a defined innovation process. With its imple-
mentation the user groups gain relevant information to derive evidence-based decisions.
By creating transparency on the outcomes in each innovation stage, the blind spot of the
impact of innovation activities is reduced drastically.

The limitation of this work is that the conceptual solution model does only partially
include the strategic perspective and has not yet been implemented and tested on its
practicability. In addition, the field of innovation accounting is relatively young and thus
academic evidence is limited.

To better understand the implications of innovation accounting, future studies could
research the impact of measurement systems in innovation processes in a range of PSFs.
Furthermore, the proposed solution should be academically refined as well as widely be
tested – perhaps in other industries as well.

This paper contributed to the bodyof design knowledge andhas direct practical impli-
cations by providing design propositions on the creation of an innovation accounting
system in PSFs.
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Abstract. Corporate entrepreneurship is a challenge for organizations and their
employees, for example because of structural rigidities or inertia. A promising
approach of how to spark corporate entrepreneurship lies in effectuation research.
Effectuation is a mode of action or decision-making logic that is based on empir-
ical evidence from expert entrepreneurs. Following a Design Science Research
(DSR) methodology, we develop and implement an effectuation intervention at a
German multinational corporation. The intervention consists of two basic parts:
The Market of Makers, an event that leads participants through the effectual pro-
cess, and the Speedboat Regatta, a 3-months long project development phase. The
intervention successfully generated 23 projects that identified opportunities for
process innovation. This study contributes to design knowledge, theory and prac-
tice. First, we designed a blueprint for similar effectuation interventions and are
able to formulate four design principles, which show how voluntariness, playful-
ness, and constraints enable effectuation and promote corporate entrepreneurship.
Second, we contribute to corporate entrepreneurship theory by showing that effec-
tuation is promising for approaching corporate entrepreneurship’s theoretical and
empirical problems. Third, we contribute to practice by demonstrating that inter-
ventions based on effectuation may shift employees towards leading and engaging
with innovative projects.

Keywords: Corporate entrepreneurship · Effectuation · Design science

1 Introduction

Firms are striving to have continuous competitive advantage. In order to achieve and
maintain it, streams of literature, such corporate entrepreneurship, stress that firms need
to engage in transformation, strategic renewal, or corporate venturing [1–3]. Corpo-
rate entrepreneurship is concerned with individuals who engage in these behaviors by
pursuing opportunities within corporate structures. They are corporate entrepreneurs,
who engage as enablers for innovation [2]. However, corporate efforts to engage their
workforce in entrepreneurial behaviors are seen as challenging [1–3]. For example, cor-
porations usually experience structural inertia, which makes engaging in exploration of
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new opportunities difficult. Moreover, when individuals within the organization concep-
tualize new ideas, pushing them toward implementation requires a process that aligns
divergent interests across organizational boundaries [3].

In this paper, we study a practical representation of these theoretical and empiri-
cal problems. A.Corp is a German multinational corporation that mainly operates in
industrial manufacturing. 11 months before the start of our intervention, a commercial
function has started an innovation initiative, which 450 staff members joined. It offers
digital technology trainings. However, these skills were applied seldomly and ideas were
not sufficiently converted into real projects. These new skills were only applied by some,
and if they were, only in parts, and only within one’s immediate team. Cross-functional
projects did not emerge. This led to the trainings not having sustainable impact while
creating high costs and staff absences, and to frustration among participants. A solution
to this problem is valuable, as it has the potential to create new processes, products, or
services based on digital technologies that contribute to A.Corp’s profitability, as well as
to improve motivation among employees. Moreover, a solution may create more robust,
cross-functional project teams that drive digital innovation at A.Corp, and extend and
strengthen intra-organizational networks.

The aim of this paper is to develop an intervention package to foster corporate
entrepreneurship, consisting of the Market of Makers and the subsequent Speedboat
Regatta. To do so, we followed a design science research (DSR) approach. We con-
sider DSR as suitable, since we attempt to solve a practical problem by applying the-
oretical knowledge and by designing a useful artifact [4]. In this way, we contribute
to understanding entrepreneurship as a design science [5–7]. Concretely, we follow
the DSR methodology by Peffers et al. [8]. We formulated the problem (Activity 1)
above. In the following section, we describe the objectives of a solution (Activity 2). We
then report how the intervention was designed (Activity 3). We designed the Market of
Makers based on effectuation, a decision-making logic that was observed with expert
entrepreneurs [9, 10]. Effectuation is a promising approach of how to operationalize
corporate entrepreneurship. It has been found that effectuation is a valid strategic ori-
entation and may foster practiced creativity, research and development (R&D) output
as well as R&D efficiency in corporate contexts [11–13]. Moreover, effectuation can be
used to teach entrepreneurship [14]. Afterwards, we show how we applied the Market
of Makers and hence demonstrate its usefulness at A.Corp (Activity 4). Subsequently,
we evaluate how well the intervention solved the problem (Activity 5) and are able to
show that 64 employees took active part in the intervention, generated 29 new ideas
and successfully ran 23 projects over 18 weeks. Communication activities (Activity 6)
include disseminating this study.

This study makes important contributions to design knowledge, theory and practice.
First, we designed a blueprint that can guide similar corporate entrepreneurship inter-
ventions in firms. Moreover, we formulate four design principles. They show how vol-
untariness, playfulness, and constraints enable corporate entrepreneurship. Second, this
paper makes a theoretical contribution to corporate entrepreneurship theory by showing
that effectuation [10] is promising for tackling corporate entrepreneurship’s theoretical
and empirical problems [2, 3]. Moreover, we are able to deduct a question for further
effectuation research. Third, this research contributes to practice by demonstrating that
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interventions based on effectuation may shift employees away from routine behavior
towards entrepreneurial behavior that generates innovative, cross-functional projects.
Looking forward, we plan to test and refine our intervention with other organizations.

2 Objectives of a Solution

We derive the objectives of a solution based on the corporate entrepreneurship and
effectuation literature.We created a list of theoretical prescriptions that included 13 items
and five sub-items (the effectuation principles [9]). Interestingly, the items contradict
each other regarding access to resources. The corporate entrepreneurship literature sees
available resources as an antecedent of entrepreneurial behavior [1, 2]. The effectuation
literature highlights that expert entrepreneurs work with their individual resources rather
than with an expected return [9, 10].

Following a pattern-matching technique [15], we compared the objectives with data
that we collected at A.Corp. We organized two meetings with one senior and two mid-
dle managers of A.Corp. We took notes during these meetings and collected results on
a shared digital whiteboard. The middle managers also gave a presentation with their
objectives and ideas. Other documents include emails and written collaboration agree-
ments. Moreover, we conducted two semi-structured interviews (30 min each) with the
middle managers later in the process, which included questions about their objectives
at the beginning. This variety of sources allows data triangulation [15]. If an objective
was mentioned at least twice and matched a theoretical prescription, we considered it
for our research. In the case of contradicting prescriptions regarding access to resources,
our conversations with A.Corp managers made clear that they did not intend to spend
an additional budget, which is why we formulated the O8 based on the effectuation
literature. This process resulted in ten objectives, which are shown in Table 1.

Table 1. Performance objectives

Objective Description

O1: Internal solution Find a solution that leads to more innovation and strategic
renewal inside the organization [2]

O2: Managerial support Ensure that managers, especially top-level executives,
show their willingness to promote entrepreneurial
behavior [1]

O3: Attention Create a stimulus that triggers the attention of employees
and channels it towards non-routine activities [3]

O4: Motivation Form an experience that is fun and that rewards
participants, so that individual and corporate incentives
align [1, 2]

O5: Opportunity identification Invite individuals to identify opportunities [2] based on
their interests and skills (i.e. individual means) [9]

(continued)
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Table 1. (continued)

Objective Description

O6: Project development Develop projects that are based on effectual orientation
[11, 12] and apply digital technologies

O7: Cross-functional collaboration Allow random interactions that lead to partnerships
between different teams [9, 10]. Ensure that opportunities
have a high likelihood to gain “good currency” [3]

O8: Resources Ensure that participants draw on their slack time and
resources to shape their projects [9, 10]

O9: Process innovation Create new processes within a corporation that create a
return on investment [2], specifically by digitalizing
financial tasks

O10: Culture Create an organizational (sub-)culture that is supportive,
open to transformation, risk-taking and learning from
failure [1, 2]

3 Design and Development

Building on the objectives formulated in the previous section, we designed a corporate
entrepreneurship intervention based on effectuation that consisted of a kick-off event
called Market of Makers and subsequent 3-months Speedboat Regatta.

Predominantly, effectuation is conceptualized as a set of principles: means orienta-
tion (who I am, what I know, whom I know), affordable loss orientation (“predetermines
how much loss is affordable and focuses on experimenting with as many strategies as
possible with the given limited means”), strategic alliance orientation (“emphasizes […]
pre-commitments from stakeholders”), contingency orientation (“exploiting contingen-
cies that ar[i]se unexpectedly over time”), and control orientation (“to the extent that we
control the future,wedonot need to predict it”) [10].Next to these principles, effectuation
is considered as an iteration process (see Fig. 1). This process starts with entrepreneurs
assessing their means. Then, entrepreneurs begin doing what they can afford to do, seek

Expanding cycle of resources

Converging cycle of constraints on  
transformations of the new artifact

Actual Means
Who am I?

What do I know?
Who do I know?

Actual courses 
of actions 
possible

What can I do?

Interactions with 
other people

Effectual stake-
holder commit-

ments

New goals

New Market

New means

Fig. 1. Effectuation as a process [16]
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potential partners, and gain partner commitments. In doing so, they create new means
and new goals, which enable them to grow an effectual network over time that eventu-
ally may become a new market [16]. The underlying design of our intervention is for
participants to go through several iterations of the effectuation process.

Firstly, we designed roles for the intervention (captains, crew, and coaches) (see
Table 2). It is important to note that individuals might have more than one role.

Table 2. Roles

Group Description

Captains Launch and control small-scale projects (speedboats) autonomously (control
orientation), interact with others and find committed crew members (strategic
alliance orientation)

Crew members Voluntarily contribute “effectual stakeholder commitments” and hence new
means or new goals to speedboat(s)

Coaches Keep in touch with the captains, support them in the Captains Club, and
receive guidance from the design scientists

Secondly, we designed an overarching process with multiple elements for the
intervention (see Fig. 2), mainly the Market of Makers and the Speedboat Regatta.

Info 
Session

Coaches 
Workshop

Market of 
Makers

Coaches 
Debrief Speedboat Regatta Closing 

Event
Coaches 
Debrief

Captains 
Club #1

Captains 
Club #2 …

Coach the 
Coach #1 

Coach the 
Coach #2

Fig. 2. Intervention process

3.1 Designing the Market of Makers

The intervention process starts with information sessions that are open to employees
who are interested in joining the Market of Makers or in applying as coach. These ses-
sions should provide basic information about the intervention. Subsequently, 15 coaches
should be selected. They are then invited to a first 4-h workshop that explains the
background of the Market of Makers and introduces effectuation [10].

The Market of Makers is a four-hour event, in which the participants are guided
through the effectual process [16]. Firstly, on the Market of Makers, a minimum of 50
participants are instructed that this event would make them develop, lead and engage
with speedboats. We defined speedboats as small, autonomous projects or initiatives run
by volunteering employees (control orientation) that do not require additional budget
or time (affordable loss orientation). Secondly, the participants should be instructed
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reflect on their individual, actual means. Then, they should develop three ideas for
what they could do with these means (actual courses of actions possible). Afterwards,
they would be sent into randomly assigned breakout rooms (contingency orientation) in
groups of two for five minutes, in which they should introduce their ideas (interactions
with other people). Moreover, they should ask for what the other person might want
to contribute, and hence collect effectual stakeholder commitments that may lead to
new means or new goals (strategic alliance orientation). We planned for five of these
dialogues. Subsequently, speedboats should be pre-selected and visualized on a digital
whiteboard in randomly assigned groups of three. Moreover, the potential speedboat
leads (captains) should call other employees who they think might be interested in their
speedboats even if they are not participating in theMarket of Makers (strategic alliance
orientation). TheMarket of Makers results in short pitches of all developed speedboats,
which are then sent off by the group, unless someone has a reasoned objection. The
Market of Makers is afterwards debriefed with the coaches, which includes assigning a
coach to each speedboat.

3.2 Designing the Speedboat Regatta

During the 3-months long Speedboat Regatta, the captains steer their speedboats
autonomously (control orientation), but receive guidance from their coachwhen needed.
Moreover, the coaches organize multiple Captains Club meetings, in which they facil-
itate exchange between the captains (strategic alliance orientation). The coaches are
invited to two two-hour workshops with the design scientists, in which they reflect on
the process. Finally, all participants as well as their managers are invited to a four-hour
closing event in order to report and evaluate the outcomes. After the closing event, the
coaches and design scientists debrief the whole intervention.

4 Demonstration

Here we demonstrate how our effectuation intervention solves the described problem at
A.Corp, which is the first iteration of our effectuation intervention. A.Corp had started an
innovation initiative. Seven months after this initiative started, they contacted us design
scientists for the first time. The contact intensified and we agreed on conducting an
effectuation intervention tenmonths after the start of the initiative. The final preparations
and discussions withA.Corp took about amonth and the whole intervention spanned five
months. During this whole time, we collected data in the form of meeting recordings,
meeting and interview notes, documents (emails, presentations, digital whiteboards,
tables), and semi-structured interviews with nine captains (3.5 h in total). We now report
on the major milestones of the designed intervention process: theMarket of Makers and
coaches workshops and the Speedboat Regattawith its closing event and the subsequent
coaches debrief.Notably, the interventionwas conducted fully online due to theCovid-19
pandemic.

4.1 Applying the Market of Makers

In the coaches workshop that preceded the Market of Makers, the coaches reacted pos-
itively and were excited. The Market of Makers itself was attended by 71 participants.
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Finally, 29 speedboats were presented by 25 captains. 28 speedboats were sent off, one
was discontinued due to a reasoned objection. Four speedboats did not have committed
crew members after the Market of Makers, all others had already recruited one to five
colleagues as crew (on average 2.3). The debrief workshop with the coaches started with
a retrospect. They were positively surprised by the quantity and richness of ideas, the
willingness to take action, and the diversity of participants. We then assigned coaches
to speedboats. On average, each coach mentored 2.3 speedboats.

4.2 Applying the Speedboat Regatta

The Speedboat Regatta went on for 18 weeks. In total, 64 participants were actively
involved in speedboats. 31 participants were involved in two or more speedboats (max.
seven). The speedboats had an average size of 4.5 members.

In Table 3, we show how the regatta progressed and define the following stages:
In harbor, and hence before a kick-off meeting, ready and hence right after kick-off,
on course and hence actively working on the project, in distress and hence in need of
external support, back in harbor and hence taking a break as well as at destination and
hence having completed the project or initiative. 23 speedboats arrived at a destination
andwere able to present their outcomes at the closing event. Two speedboats remained in
harbor the whole time and were hence not kicked off and actively worked on. No captain
reported that their speedboatwas in distress at any point in time. Two speedboats returned
to the harbor for a little while to take a break.

Table 3. Speedboat Regatta overview

Week W0 W3 W6 W9 W11 W14 W16 W18

In harbor 29 9 3 3 2 2 2 2

Ready 0 9 10 4 1 0 0 0

On course 0 9 11 15 20 20 17 0

In distress 0 0 0 0 0 0 0 0

Back in harbor 0 0 1 2 0 0 0 0

At destination 0 0 0 1 2 3 6 23

Total 29 27 25 25 25 25 25 25

The Closing Event was attended by 82 participants and each captain pitched their
speedboat. A.Corp senior managers gave awards to three that they found particularly
novel, collaborative and lean. Finally, A.Corp senior managers gave an outlook on how
the regatta continues. In our subsequent debrief with the coaches, we collected feedback
for the whole intervention process and sharpened the regatta continuation.
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5 Evaluation

Our evaluation of the intervention at A.Corp are based on quantitative data on the Speed-
boat Regatta as presented above (such as Table 3), documented feedback from all work-
shops with the coaches, a feedback form filled byMarket of Makers participants, docu-
mentation ofCaptains Clubmeetings, pitches and impressions shared during theClosing
Event, as well as interviews with A.Corp managers and with nine captains. The inter-
views followed a semi-structured approach and enquired about the general impression
of the Market of Makers and the Speedboat Regatta, not actively about specific per-
formance objectives. The diversity of data hence allowed for data triangulation [15].
Following a pattern-matching strategy [15], we collected statements and impressions
per performance objective as individual data points, counted repetitions, and compared
the strongest signals to the objectives set out in Table 2. We show our results in Table 4.

Table 4. Evaluation of performance objectives

Objective Evaluation

O1: Internal solution With theMarket of Makers and Speedboat Regatta we
designed a purely internal solution that is based on
effectuation

O2: Managerial support The intervention was initiated by senior managers of
A.Corp. They send out invitation emails, were present at
both the Market of Makers and the closing event,
appreciated the participants publicly and gave rewards (7
data points)

O3: Attention TheMarket of Makers triggered 64 employees to engage
in speedboats. A.Corp only provided limited information
before, which created positive suspense for some (2 data
points), but also frustration, uncertainty and confusion (5
data points)

O4: Motivation TheMarket of Makers was perceived as having a
dynamic, lively and open atmosphere (6 data points) that
spurred enthusiasm and creativity (7 data points). The
captains and crew were perceived as highly motivated
throughout (11 data points)

O5: Opportunity identification The participants perceived identifying opportunities and
generating ideas duringMarket of Makers as easy (3 data
points). The number of ideas developed was very high,
since A.Corp had expected rather 10 than 29 speedboats
(3 data points)

O6: Project development 23 speedboats developed during the Market of Makers
(=79.3%) were based on digital technologies and process
innovation. However, a lot of speedboats struggled with
maintaining their “speedboat character” and engaged in
very detailed discussions (7 data points)

(continued)
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Table 4. (continued)

Objective Evaluation

O7: Cross-functional collaboration TheMarket of Makers allowed participants to meet new
people and widen their network (14 data points). The
participants highlighted how happy they were with
uncomplicated cross-functional exchange during the
intervention (15 data points). The speedboats that arrived
at a destination on average brought together 3 different
corporate functions. Partly, the collaboration between
captains and coaches during the Speedboat Regatta was
perceived as good (6 data points), partly as difficult (3
data points). Some captains did not really feel like they
need the coaches (4 data points). The captain/coach
relationship was not clear enough (5 data points). The
coaches expressed that they turned out to have rather an
organizational than a coaching role (6 data points)

O8: Resources From the beginning, we and A.Corp senior managers
communicated that there is no additional financial or time
budget for the intervention (3 data points). While a lack of
a financial budget was not further mentioned by
participants, they expressed that finding time for working
on their speedboat next to the day-to-day operations is
difficult (9 data points)

O9: Process innovation 18 speedboats that arrived at a destination (=78.3%)
applied new digital technologies and based new processes
on them. Their return on investment cannot be evaluated
yet

O10: Culture The intervention created a sub-culture that is based on
voluntary commitments (6 data points), eye-level
collaboration (4 data points) and a supportive community
(3 data points)

Regarding O1, we conclude that we have successfully designed an internal solution
for fostering innovation [2]. The support by top-level executives was excellent, which
enabled the intervention to be effective (O2) [1]. For future rounds of the intervention,
we will develop a list of managerial best-practices based on the A.Corp case, which we
will base our conversations with future partner organizations on.

As set out in O3, we created a stimulus that triggers the attention of employees. We
successfully had 64 participants engage with non-routine activities [3]. However, for the
next iteration of the intervention, we will make sure that extensive information about
the intervention are widely available. In O4, we expressed that we want to create a fun,
rewarding experience [1, 2]. We conclude that we achieved this objective.

Regarding O5, we conclude that we were very successful in getting individuals to
identify opportunities [2] based on their means [9]. Based on this, project development
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(O6) based on effectuation [11, 12] was very successful too. Moreover, the vast majority
applied digital technologies, which A.Corp strived for. In future iterations of the inter-
vention, we will join the Captains Club meetings in order to keep working with the
captains directly, for example on how to keep their speedboats lean.

With regards to O7, we show that designing the Market of Makers with random
interactions leads to partnerships between different teams [9, 10]. Having coaches to
support creating organizational traction, however, was not sufficiently effective. In future
interventions, we will fulfill the coaching role ourselves. Regarding O8, we conclude
that participants successfully drew on their slack time and resources.

With regards to O9, we show that our intervention successfully led to speedboats
that create new processes within a corporation [2]. By digitalizing financial tasks, they
should create a return on investment. Finally, we conclude that the intervention created
a voluntary, collaborative and supportive sub-culture [1, 2]. For future interventions, we
would like to focus more on the other aspects expressed in O10, namely openness to
transformation, risk-taking and learning from failure, for example by delivering specific
training elements around these topics.

6 Discussion and Conclusion

Although many organizations try to engage their employees in corporate entrepreneur-
ship, they often suffer from a lack of new initiatives. We designed an intervention called
Market of Makers and Speedboat Regatta based on effectuation [9]. We demonstrated its
use at A.Corp, a German multinational firm, which led to 29 new project ideas, of which
23 came to a successful endpoint after 18 weeks. 64 employees took active part in these
projects. They generated a high number of ideas which led to cross-functional projects
based on digital technologies and process innovation. Keeping these projects small and
not reverting to corporate practices was perceived as difficult, as well as making time
for the projects. The project leads (captains) received support from specially trained
coaches. However, difficulties regarding the captain/coach relationship and understand-
ing of roles arose. Intra-organizational networks were widened and strengthened, pro-
cesses innovations were developed, and a sub-culture that is open to transformation
emerged.

This design science project is subject to twomain limitations. Firstly, certain elements
of the problem and the demonstration are specific to A.Corp, which means that they are
not fully generalizable. Secondly, the intervention has only been applied at A.Corp,
which is why we are not yet able to assess its usefulness in other settings.

This paper makes important contributions to design knowledge, theory, and practice
[17]. First, it contributes to the body of design knowledge on corporate entrepreneurship
in the following ways. We designed a blueprint of a corporate entrepreneurship inter-
vention, i.e. the concept of the Market of Makers and Speedboat Regatta. Specifically,
this blueprint contains role descriptions, an intervention process and workshop content.
It can be a useful guide for corporate entrepreneurship interventions in other firms.
Additionally, we developed a set of four design principles [18]. They explain how and
why the implementers of our intervention achieve increased entrepreneurial behavior
for managers and employees in large corporations:
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1. Employ the principle of voluntariness and allow employees to decide what they do,
based onwhat they are interested in. This raises their control-orientation [10]. Hence,
voluntariness boosts individual control, which then motivates employees to act as
corporate entrepreneurs.

2. Guide participants through the effectuation process [16] in an interactive event that
involves a high degree of playfulness. In this way, employees practice effectua-
tion even though it may be unusual behavior for them. Hence, playfulness sparks
deliberate practice which leads employees to engage in corporate entrepreneurship.

3. Do not provide effectual projects and initiatives with a financial/time budget, and
force the participants to work under different prerequisites than usual corporate
project management. These constraints continuously trigger employees to work with
their means base and stick to the effectuation process [10, 16]. Hence, financial
and time constraints make employees orient towards their means, which increases
corporate entrepreneurship by sparking a new iteration of the effectuation process.

4. Make event participants interactwith each other first in small groups. This reduces the
number of potential stakeholders significantly. In thisway, the barrier of asking others
for stakeholder commitments [16] is lowered. Hence, constraining the numbers of
participants enables employees to ask for stakeholder commitments, which then lead
to contributions to an idea and hence corporate entrepreneurship.

These design principles contribute to corporate entrepreneurship theory by showing how
introducing voluntariness and playfulness while imposing constraints makes effectua-
tion in corporate contexts work. This is interesting for corporate entrepreneurship theory,
which sees control as an outcome of corporate entrepreneurship [1]. In our study, we
show that control-orientation might be an antecedent of it. Second, to our knowledge,
the merits of practicing entrepreneurial behaviors have not yet been studied in corporate
entrepreneurship literature. Third, corporate entrepreneurship scholars rather see avail-
able resources as an antecedent of entrepreneurial behavior and hence not as something
that should be denied [1]. In contrast, our study indicates that less may be more. Lastly,
corporate entrepreneurship scholars highlight that entrepreneurial behaviors are more
successful when they are “grounded in carefully established, non-imitable, and sophis-
ticated networks” [1]. Our study shows that in order for such a sophisticated network
to come about, it might be helpful to first constrain the number of potential partners.
All in all, we make a theoretical contribution to corporate entrepreneurship theory by
showing that effectuation [10] is promising in order to solve the theoretical and empirical
problems that this literature faces [2, 3].

Moreover, we our design work paves the path towards future confirmatory effectua-
tion research. In this regard, itwouldbevery interesting to apply experimental approaches
to capture how successfully an effectuation intervention leads to new ideas and inno-
vative projects in a corporate setting. This would add to a recent experimental study
that showed that an entrepreneurship training based on effectuation for small-business
owners led to a greater increase of business opportunities identified and pursued [19].

The contribution of this research for practice is that interventions based on effectu-
ation may shift employees from routine behavior to entrepreneurial behavior; increase
employee motivation; have the potential to generate a lot of ideas that employees
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actively turn into innovative, cross-functional projects; may widen and strengthen intra-
organizational networks; and may create a sub-culture that is more open to organiza-
tional transformation. Looking forward, we plan to design a more general version of this
intervention that will then be tested and refined with other organizations.

References

1. Kuratko, D.F., Ireland, R.D., Hornsby, J.S.: Corporate entrepreneurship behavior amongman-
agers: a review of theory, research, and practice. In: Advances in Entrepreneurship, Firm
Emergence and Growth, pp. 7–45. Emerald (MCB UP), Bingley (2004). https://doi.org/10.
1016/S1074-7540(04)07002-3

2. McMullen, J.S., Brownell, K.M., Adams, J.: What makes an entrepreneurship study
entrepreneurial? Toward a unified theory of entrepreneurial agency. Entrep. Theory Pract.
45, 1197–1238 (2021). https://doi.org/10.1177/1042258720922460

3. de Ven, A.H.V., Engleman, R.M.: Central problems in managing corporate innovation and
entrepreneurship. In: Advances in Entrepreneurship, FirmEmergence andGrowth, pp. 47–72.
Emerald (MCB UP), Bingley (2004). https://doi.org/10.1016/S1074-7540(04)07003-5

4. Hevner, M., Park, J., Ram, S.: Design science in information systems research. MIS Q. 28,
75 (2004). https://doi.org/10.2307/25148625

5. Dimov, D.: Toward a design science of entrepreneurship. In: Katz, J.A., Corbett, A.C. (eds.)
Advances in Entrepreneurship, Firm Emergence and Growth, pp. 1–31. Emerald Group
Publishing Limited (2016). https://doi.org/10.1108/S1074-754020160000018001

6. Berglund, H., Bousfiha, M., Mansoori, Y.: Opportunities as artifacts and entrepreneurship as
design. Acad. Manage. Rev. 45, 825–846 (2020). https://doi.org/10.5465/amr.2018.0285

7. Zhang, S.X., Van Burg, E.: Advancing entrepreneurship as a design science: developing
additional design principles for effectuation. Small Bus. Econ. 55(3), 607–626 (2019). https://
doi.org/10.1007/s11187-019-00217-x

8. Peffers, K., Tuunanen, T., Rothenberger, M.A., Chatterjee, S.: A design science research
methodology for information systems research. J. Manag. Inf. Syst. 24, 45–77 (2007). https://
doi.org/10.2753/MIS0742-1222240302

9. Dew, N., Read, S., Sarasvathy, S.D., Wiltbank, R.: Effectual versus predictive logics in
entrepreneurial decision-making: differences between experts and novices. J. Bus. Ventur.
24, 287–309 (2009). https://doi.org/10.1016/j.jbusvent.2008.02.002

10. Sarasvathy, S.D.: Causation and effectuation: toward a theoretical shift from economic
inevitability to entrepreneurial contingency. Acad. Manage. Rev. 26, 243–263 (2001). https://
doi.org/10.5465/amr.2001.4378020

11. Werhahn, D., Mauer, R., Flatten, T.C., Brettel, M.: Validating effectual orientation as strategic
direction in the corporate context. Eur.Manag. J. 33, 305–313 (2015). https://doi.org/10.1016/
j.emj.2015.03.002

12. Brettel,M.,Mauer, R., Engelen,A.,Küpper,D.: Corporate effectuation: entrepreneurial action
and its impact on R&D project performance. J. Bus. Ventur. 27, 167–184 (2012). https://doi.
org/10.1016/j.jbusvent.2011.01.001

13. Blauth, M., Mauer, R., Brettel, M.: Fostering creativity in new product development through
entrepreneurial decision making: fostering creativity in new product development. Creat.
Innov. Manag. 23, 495–509 (2014). https://doi.org/10.1111/caim.12094

14. Sarasvathy, S.D., Venkataraman, S.: Entrepreneurship as method: open questions for an
entrepreneurial future. Entrep. Theory Pract. 35, 113–135 (2011). https://doi.org/10.1111/
j.1540-6520.2010.00425.x

https://doi.org/10.1016/S1074-7540(04)07002-3
https://doi.org/10.1177/1042258720922460
https://doi.org/10.1016/S1074-7540(04)07003-5
https://doi.org/10.2307/25148625
https://doi.org/10.1108/S1074-754020160000018001
https://doi.org/10.5465/amr.2018.0285
https://doi.org/10.1007/s11187-019-00217-x
https://doi.org/10.2753/MIS0742-1222240302
https://doi.org/10.1016/j.jbusvent.2008.02.002
https://doi.org/10.5465/amr.2001.4378020
https://doi.org/10.1016/j.emj.2015.03.002
https://doi.org/10.1016/j.jbusvent.2011.01.001
https://doi.org/10.1111/caim.12094
https://doi.org/10.1111/j.1540-6520.2010.00425.x


Market of Makers – How to Promote Corporate Entrepreneurship 261

15. Yin, R.K.: Case Study Research and Applications: Design and Methods. SAGE, Los Angeles
(2018)

16. Sarasvathy, S.D., Dew, N.: New market creation through transformation. J. Evol. Econ. 15,
533–565 (2005). https://doi.org/10.1007/s00191-005-0264-x

17. Seckler, C., Mauer, R., vom Brocke, J.: Design science in entrepreneurship: conceptual
foundations and guiding principles. J. Bus. Ventur. Des. (2022). In press

18. Gregor, S., Kruse, L., Seidel, S.: Research perspectives: the anatomy of a design principle. J.
Assoc. Inf. Syst. 21, 1622–1652 (2020). https://doi.org/10.17705/1jais.00649

19. Zhu, J., Bischoff, K.M., Frese, M., Gielnik, M.M., Handrich, E., Bellstedt, D.: The effective-
ness of the effectuation approach on opportunity identification and pursuit: evidence from
a randomized controlled field experiment. Acad. Manag. Learn. Educ. 20, 562–577 (2021).
https://doi.org/10.5465/amle.2017.0092

https://doi.org/10.1007/s00191-005-0264-x
https://doi.org/10.17705/1jais.00649
https://doi.org/10.5465/amle.2017.0092


How to Make Smart Collaboration Work
in Multidisciplinary Teams

Jolanda Burgers-Pas1(B) and Christoph Seckler2

1 IG&H, Utrecht, The Netherlands
Jolanda.burgers@igh.com

2 ESCP Business School, Berlin, Germany
cseckler@escp.eu

Abstract. A key capability to work in multidisciplinary teams is smart collab-
oration. While previous research has elaborated on starting smart collaboration
in firms, less is known about how to move smart collaboration from initial start-
ing projects towards excellent implementation. In this design science project, we
address this question and develop design knowledge on how to move smart col-
laboration from good to great in a firm working with multidisciplinary teams.
We outline a situated artifact for the collaborating firm (i.e., The Firm) and infer
more general design principles based on this study. This study contributes in three
ways. First, it develops a situated artifact for improving smart collaboration in a
firm relying on multidisciplinary teams. Second, it develops more general design
principles on improving smart collaboration in professional service firms. Third,
it provides initial empirical evidence for the quality of the proposed design object.

Keywords: Smart collaboration ·Multidisciplinary teams · Innovation · Design
knowledge

1 Introduction

Increasingly scholars turn their attention to improve multidisciplinary collaboration. A
specific form of multidisciplinary collaboration is known as smart collaboration. Smart
collaboration can be defined as the integration of individual, specialized expertise of
knowledge workers to deliver high-quality, customized outcomes on complex issues
(Gardner 2017). The idea is that smart collaboration helps a team of knowledge profes-
sionals to address issues that none could tackle individually. Research has shown that
an important reason why clients need to collaborate with partners in their own firm is
to make sure they ‘bring the full force of the organization to bear the client’s issues’
(Gardner 2017). Research indicates that smart collaboration is a significant driver of
both financial and people-related benefits for firms (Gardner 2017). Four particularly
beneficial outcomes of smart collaboration are that firms earn higher margins, inspire
greater client loyalty, attract, and retain the best talent, and gain a competitive edge when
specialists collaborate across functional boundaries (Gardner 2017).
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While literature indicates the relevance of smart collaboration and has developed
ideas on how to implement a smart collaboration strategy (Gardner and Matviak 2020a,
b), it is rather silent on how to bring smart collaboration to the next level. By next
level we refer to how to define smart collaboration including desirable behavior and
how to make smart collaboration work within a firm that is already familiar with the
concept of smart collaboration. Taking smart collaboration to the next level is different
from initiating it because this requires a firm to make smart collaboration a top priority
within the entire organization and set something in motion that ensures that employee
behavior truly shift from good intentions to consistent practice. The following research
question guides our design science research project: how to make smart collaboration
work effectively beyond its initiation?

To develop design knowledge on how to make smart collaboration work in multi-
disciplinary teams, we engage in a design science field study. More specifically, we do
a design science study with a European digital transformation firm (named The firm to
assure anonymity). Using The firm as our case study we follow van Aken et al. (2012)
design science methodology. We start by formulating the practical problem, which we
subsequently analyze. Based on the analyses we develop a solution design for advanc-
ing smart collaboration at The firm. Finally, we evaluate the solution design, and infer
design principles based on this case for a broader class of smart collaboration issues in
multidisciplinary teams.

Our study contributes to the smart collaboration literature (Gardner 2017, Gardner
andMatviak 2020a, b; Edmondson 1999, 2018) and has an immediate practical implica-
tion. First, our study makes a theoretical contribution to the body of design knowledge
on smart collaboration. While previous studies have outlined artifacts on how to initi-
ate smart collaboration (Gardner 2017), we complement this literature by suggesting a
situated artefact on improving and advancing smart collaboration for multidisciplinary
teams. Second, we make a theoretical contribution by inferring design principles (van
Aken 2004; van Aken et al. 2012). These design principles may guide the improvement
of smart collaboration for a broader class of smart collaboration issues in professional
service firms and beyond. Third, this study has immediate practical implications. Pro-
viding guidance on how to improve smart collaboration in this case, may guide other
firms by improving smart collaboration within their firms through analogical reasoning.

2 Problem Definition

Conceptually, we approached the problem definition using Minto’s SCQ-framework
(Minto 2009). The SCQ-framework describe a problem by outlining a current situation
(S), a complication (C), and a resulting question (Q) (Minto 2009). We used the SCQ-
framework because it is an established model to define practical problems (Minto 2009)
and particularly improvement problems (Gregor and Hevner 2013).

Empirically, we approached the problem definition using semi-structured interviews.
The base for these semi-structured interviews consisted of a careful selection of intervie-
wees that represented different departments within the organization to obtain a compre-
hensive picture about the current state of smart collaboration. Semi-structured interviews
are a type of interview in which the interviewer asks only a few predetermined ques-
tions while the rest of the questions are not planned upfront (van Aken et al. 2012).
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Semi-structured interviews were conducted with several partners, directors, and senior
managers throughout the firm to get a broad view on the current state of smart collabora-
tion. The first round of semi-structured interviews helped us to explore the main issues
with smart collaboration at The firm. The second round of semi-structured interviews did
help us to check the validity of the problem statement, the causes, and its consequences
(van Aken et al. 2012).

Situation. The situation for The firm can be described as follows: The firm started to
grow rapidly in a few years’ time as the company needed to transform from a pure
strategy consultancy firm to a combined consultancy and technology firm to be able to
offer digital transformation propositions to the market to meet its client needs. The firm
did sowith a combined consultancy and technology approach to offer a unique solution to
their clients. The complexity of digital transformation can be described as a very complex
problem with many interrelated questions considering technology, people, and content.
This complexity canwell be solvedbyhaving thebest experts looking at the problem from
different perspectives rather than tackling the problem one-dimensionally. Therefore,
The firm needed to adopt a different collaboration strategy as consultants alone couldn’t
solve these complex digital transformation projects. They needed to reach out to other
teams within the firm. This was the reason to start with smart collaboration within The
firm. So, The firm had to collaborate across different competency and sector teams to
drive digital transformation for its clients which was perceived to be challenging.

Complication. While smart collaboration was successfully initiated, the leadership
team realized that there is still potential to improve smart collaboration. A partner at
The firm expressed this as follows: ‘Smart collaboration is overall a great approach, but
we still have some issues in further realizing its full potential.’ Similarly, the director
operations at The Firm told us: ‘Although we find Smart Collaboration important, we
don’t address each other when other teams are not involved in the deal process. We
haven’t been able to guide our colleagues into pragmatic readiness yet.’

3 Problem Analysis

In the problem analysis phase, we explored and validated the causes of the problem
(see Fig. 1). The result is a problem-oriented theory on the analysis subject (van Aken
et al. 2012). The analysis that has been executed consists of a combined empirical and
theoretical analysis (van Aken et al. 2012). The empirical analysis consists of two rounds
of interviews. In total, we held fifteen interviews of which five interviews in the first
round and ten consecutive interviews in the second round. Each interview lasted for
around thirty to forty-five minutes. The purpose of the first interview round was to
explore the main causes holding back smart collaboration within The firm. The purpose
of the second interview round was mainly to validate the causes (van Aken et al. 2012).
The theoretical analysis was performed to strengthen our empirical analysis because it
may provide additional and/or alternative explanations or causes (van Aken et al. 2012).
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Fig. 1. Problem analysis

Leadership. A first potential cause we identified was a lack of adequate leadership
behaviors. We adopted the definition of leadership by the firm which considers leader-
ship to be taking ownership, show the right exemplary behavior and be able to connect the
dots by understanding the potential of all departments, being vulnerable and acknowl-
edge what you don’t know when it comes to smart collaboration. Leadership came up
in a couple of interviews. For instance, the founder of The firm said ‘smart collabora-
tion stands or falls with leadership behavior. Our leadership team doesn’t automatically
operate from a smart collaboration perspective.’ And the director operations said: ‘it is
not clear what we can expect from our leaders and what we do and don’t when it comes
to smart collaboration.’

These empirical findings also seem partly supported by literature on smart collabo-
ration. For example, Gardner and Matviak (2020a, b) point out that people at the top do
face fewer collaboration obstacles. One reason is that leaders’ views are biased, and few
people say ‘no’ to a leader’s request for help (Gardner and Matviak 2020a, b). Though
incentives and KPIs are a barrier for collaboration from a leadership point of view as
many partners report their firm’s compensation and performance management structure
as a barrier to collaboration.

Behavior. A second potential cause we identified was a lack of clarity on desirable
and undesirable behaviors. Behavior can be described as an attempt on the part of an
individual to bring about some state of affairs – either to effect a change from one state
of affairs to another, or to maintain a currently existing one (Ossorio 2006). Employee
behavior came up in a couple of interviews. For instance, a partner said; ‘we have a ten-
dency towards like-mined people and the overarching vision of The firm doesn’t always
correspond with the teams ‘own people first’ mindset.’ The partner Platform Services
expressed it this way: ‘it is not always clear what is meant with smart collaboration
because it is simply not explained very well from the start’.

These empirical findings also seem to be supported by literature on smart collabo-
ration. For example, Gardner and Matviak (2020a, b) points out how behavior can be
a barrier in implementing smart collaboration. When collaborating, one needs faith in
others’ professionalism, skill set and capabilities.
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Structure and Processes. A third potential cause we identified was structure and pro-
cesses. Structure represents the way business divisions and units are organized and
includes the information of who is accountable to whom. In other words, structure is the
organizational chart of the firm (Waterman et al. 1980). Structure came up in a couple
of interviews. For instance, the managing director Platform Services said, ‘it is diffi-
cult for colleagues to collaborate effectively because we haven’t defined clear roles and
responsibilities.’ The partner for Business Engineering mentioned: ‘processes will help
to a limited extent. Trust, entrepreneurship and creativity are key for successful smart
collaboration, over-organizing will not lead to smart collaboration.’

Ecosystem and Network. A last potential cause we identified was ecosystem and net-
work. An ecosystem should be defined as a community of people in conjunction with
the artifacts in their environment, interacting as a system. Several characteristics of an
ecosystem are: each element has its role, it is interconnected, adaptive and self-sustaining
(Feld and Hathaway 2020). Ecosystem and network issues came up in a couple of inter-
views. For instance, the managing director data and analytics said; ‘the culture of asking
for help needs to be developed. We need structural competence centers in the ecosystem,
so all employees know who to contact for the development of a new solution for exam-
ple’. Similarly, the director People & Culture mentioned: ‘an ecosystem and a network
are something you build and comes with experience’.

These empirical findings also seem to be supported by literature on smart collabora-
tion. For example, Casciaro et al. (2020) point out that the struggle to relate to others is
seen as a barrier for innovation and thus collaboration. The core challenge of operating
effectively at interfaces are simple: learning about people on the other side and relating
to them. Simply does not mean easy: human beings have always struggled to understand
and relate to those who are different (Casciaro et al. 2020).

4 Solution Design

In the solution design phase, we developed a situated artifact in two main steps. First,
we defined the design requirements for the solution design. Second, we elaborated the
most promising solutions in a detailed solution design. The result includes organizational
support for the solution and change plan (van Aken et al. 2012).

4.1 Design Requirements

First,wedefined the design requirements.Design requirements are the criteria that should
be met by the to be solution design (van Aken et al. 2012). We followed van Aken et al.
(2012) in differentiating four types of design requirements: functional requirements,
user requirements, boundary conditions and design restrictions (van Aken et al. 2012).
To define the design requirements, we conducted an interview with the project sponsor
at The Firm. The following design requirements were identified:

a) functional requirement. Realization of the solution demonstrates more smart col-
laboration on a higher professional level, starting from the business development
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phase and being visible and present all the way up to the delivery phase of projects
and programs within The firm.

b) user requirement. Adjustment of behavior is visible in the solution, i.e., behavior
change in a sense that there is more collaboration happening between the different
teams, and a mindset change is visible from doing it yourself to collaboration with
other disciplines.

c) boundary conditions. the new smart collaboration approach should fit into the
firm’s culture of caring and daring and should support people from all backgrounds
to embrace the new approach.

d) design restriction. within a period of 6 to 12 months the firm should be able to
reach a breakthrough in the change of their collaborative behavior. Meaning that the
firm should develop to the next level of smart collaboration and collaboration must
be part of the ‘new normal’.

4.2 Object Design

Based on the design requirements, we next started to develop a solution design (see
Fig. 2). A solution design can be defined as ‘the solution of the defined problem through
a design of the system to be realized’ (van Aken and Berends 2018). To develop a solu-
tion design, we conducted a solution design workshop. The solution design workshop
consisted of a two-hour ideation session where several partners from The firm partic-
ipated. The purpose of the solution workshop was to discuss the future state of smart
collaboration and draft an initial solution design.

Fig. 2. Smart collaboration solution design

The Lorsch and Tierney (2002) alignment pyramid has been used as a scaffold to
develop the solution design. The goal of this framework is to structure and sequence
the various components of the solution design into: strategy, leadership, culture, and
organization (Lorsch and Tierney 2002). The framework can be explained as follow:
alignment is a consequence of two separate but interdependent phenomena: the choices
the firm’s leadershipmake over time on a handful of critical dimensions and the behaviors
of the professionals who implement those choices day by day (Lorsch and Tierney 2002).
Based on the framework an aligned strategy, organization, culture, and leadership were
designed, which are further explained below.
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Strategy. The first decision that The firm must take is about its strategy. Strategy is
defined as a stream of decisions made over time, which reflects the goals of the firm and
how the firm achieves those goals (Lorsch and Tierney 2002). The firm’s strategy is to
empower people, align business and technology to enable high speed digital transforma-
tion for their customers. To accomplish this strategy one of The firm’s key differentiators
is smart collaboration. This was also stressed by one partner who explained that ‘We
should start with creating clarity on The firm’s overall vision and relate this to smart
collaboration. We must explain the ‘why’ i.e., make the context clear and relate this to
how smart collaboration fits in the bigger picture.’

The designed strategy looked as follows: The firm must relate Smart Collaboration
to the overall vision and strategy and define a clear and common understanding of Smart
Collaboration (that includes desired behavior). This will set the first cornerstone of the
foundation to make Smart Collaboration work within The firm. The participants found
this strategy a good solution primarily because they believe smart collaboration starts
with desired behavior. Therefore, The firm must define this desired behavior first to be
able to train and guide people in the desired direction.

Organization. The second critical choice The firm must take is about its organization.
Organization encompasses a set of critical choices that every firm must make: about
how it will attract, develop, evaluate, and reward its people. About its management
structure and about its governance, including the form and distribution of its ownership
for professional service firms (Lorsch and Tierney 2002). Its relevance was also outlined
by the partner Retail who stated that: smart collaboration will work when it is naturally
embedded, supported by a guiding (light) structure. A light structure is defined as having
clear responsibilities and roles in place.’ The partner Platform Services suggested that:
‘for successful collaboration The firm must place the right people in the right position
especially in the opportunity phase as collaboration is key at this stage.

The designed structure for the Firm looked as follow: The Firm must create a light
way- structure combined with a clear understanding of what defines smart collabora-
tion, strongly supported by leadership. A light-weight structure is defined as having clear
responsibilities and roles in place. For successful collaboration The firm must place the
right people in the right position especially in the opportunity phase as collaboration
is key at this stage. Having the right people together from the start of an opportunity
is key because the potential of missing out in terms of a winning proposal by not col-
laborating with different disciplines is immense. The participants found this designed
structure the right solution to further improve smart collaboration as they believe struc-
ture should be more considered as guiding principles. The firm must embrace the cre-
ative and entrepreneurial aspect of smart collaboration. This lightweight structure needs
to be combined with the support of leadership. This is the foundation to make smart
collaboration work.

Culture. A third critical choice the firm must take is about its culture. Culture can be
seen as a force for alignment. Next to that, culture is amorphous, it is intangible, and it
directly affects the behavior of every single person in the organization.Culture is dynamic
and something you manage daily. You shape the culture of your firm by the decisions
you make or facilitate, which then affect behavior, which subsequently becomes part of
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‘how things are done here’ (Lorsch and Tierney 2002). Culture was also seen to be very
important by leaders of the firm. For instance, a partner said: ‘as long as we do make
progress on smart collaboration, and we do realize that smart collaboration is a verb and
doesn’t have an end-state this will give us some leeway moving to the desired behavior.’
And the director Platform operations mentioned: ‘we should have a foundation in place
to help and guide colleagues do the right things. We must be able to refer to the right
behavior and help and correct each other when necessary. Therefore, we must introduce
guiding principles to support each other, and this requests more openness, transparency
and vulnerability from people.’

To create a desired culture to make smart collaboration work The firm must create
awareness that Smart Collaboration is a ‘verb’. The firm must have secure base leader-
ship, corrective tooling, and trained colleagues that give constructive feedback in place.
The participants found this designed culture a good one because it is supported by the
‘caring and daring’ culture of The firm and they believe that this cultural design will
help colleagues moving to the next phase of Smart Collaboration.

Leadership. The last critical choice the firm must take is about its leadership. Lead-
ership within a professional service firm can be phrased as leading from within the
organization As there are other stakeholders within the firm (partnership model) a leader
should always take a joint decision. This can be seen as leadership without control and
therefore a leader needs to be seeking agreement and building consensus which can be
very difficult considering the many complex problems the firm faces today (Lorsch and
Tierney 2002). The partner Platform Services underlined the relevance of leadership
when stating that ‘smart collaboration is about leadership: someone needs to grab the
driver seat and start establishing this from the start.’

To make smart collaboration work successful leadership should reward learning
from mistakes, introduce guiding principles, and empower role models to give guidance
and support people and refer to the right behavior. The participants found this designed
solution for leadership a good one as they believe that smart collaboration should be
empowered by leadership to become successful and to make smart collaboration work
effectively.

5 Evaluation

The solution design was also evaluated. An evaluation of design objects is important
in design science (Venable et al. 2016). We performed a descriptive evaluation and an
observational evaluation (Hevner et al. 2004). A descriptive evaluation is an informed
argument for the artifact’s utility (Hevner et al. 2004). An observational evaluationmeans
that we observed the use of the artifact within the firm (Hevner et al. 2004). A broader
evaluation testing the effectiveness of the solution design will be performed after one
year of implementation.

Descriptive Evaluation. The solution designmeetsmost of the outlined design require-
ments. The solution design will foster more smart collaboration on a higher professional
level, starting from the business development phase and being visible and present all
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the way up to the delivery phase of projects within The firm. The solution design also
meets the user requirement to make behavioral change visible in such a way that more
collaboration is happening between the different teams. The design restriction that smart
collaboration should reach a breakthrough within 6 to 12 months still needs to be eval-
uated in a couple of month time. Finally, the solution design also met the boundary
condition that the new smart collaboration approach should fit into The firm’s culture of
‘caring and daring’.

Beyond this descriptive evaluation, the project was also evaluated to be very suc-
cessful by the leadership team of the firm. One of the partners evaluated the solution
design as follow: ‘The research project on “how to make smart collaboration work at
The firm” and accompanying solution design boosted our journey around this key value
driver for our clients and company. Multiple improvement points were identified to take
away existing barriers and facilitate further collaboration. In addition, tangible insights
were created at strategic, organizational, cultural and leadership level on how to further
improve. Now it comes to the execution and step by step progress in our collective
behavior. This is a challenge. The direction is clear, next step is to grow from good to
great.’ (Partner, The firm).

Observational Evaluation. The first observation of the solution design took place dur-
ing a workshop that we’ve organized in October 2021. The purpose of the workshop was
to create awareness amongst all participants (partners and directors of The firm) about
the importance of smart collaboration for The firm. Furthermore, we paid attention to
creating a safe atmosphere to exchange experiences about both desirable behavior in
favor of smart collaboration versus undesirable behavior that is preventing colleagues
from collaborating.

After creating this open and transparent atmosphere the participants were asked
to identify their own behavior and evaluate what is going well versus how they can
improve. The workshop ended with a series of smart collaboration ‘commitments’ from
all participants onwhat behavior to leverage to improve smart collaboration from good to
great. A few of the guiding principles included: a) ‘standard involvement of competency
teams from the start in any service offering and ensure compliance’. b) ‘Be bold and take
the lead: be open-minded, practice it yourself and experience what Smart Collaboration
can bring.’ c) ‘Don’t talk about each other, speak with each other and address behavior
that is not in line with Smart Collaboration (constructive feedback).’

6 Learnings

Based on this field study of smart collaboration, we inferred learnings that are applicable
to a broader class of similar design problems (Gregor et al. 2020). The learnings are
formulated as design principles. Design principles are ‘chunks of general knowledge,
linking an intervention, or artefact with a desired outcome or performance in a certain
field of application’ (van Aken 2004). Design principles are a form of design knowledge,
‘that can be used in designing solutions to problems in the field of question’ (van Aken
2004). Taken together, we propose the following two learnings:
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Design Principle 1. To improve smart collaboration, a firm should relate smart collab-
oration to the overall vision and strategy of the firm and create a clear and common
understanding of smart collaboration.

We inferred this design principle because a lack of direction and no common under-
standing of what defines smart collaboration lead to one of the main issues around smart
collaboration that were mentioned amongst multiple interviewees during the problem
analysis phase.

This designprinciple is related to afirm’s strategydiscussed in the smart collaboration
literature (e.g., Gardner and Matviak 2020a, b). Gardner and Matviak (2020a, b) note
that to implement a firm-wide smart collaboration strategy, it is essential to understand
the organization’s starting point; where is collaboration happing today; what are the
barriers to increasing collaboration; and what are the bright-spot examples that can be
held up to demonstrate the benefits of collaboration effectively.

Our insight is related to this idea in literature (Gardner and Matviak 2020a, b), yet
goes beyond that. Whereas literature talks more about how to implement a smart collab-
oration strategy and advocates to start with a diagnostic analysis, our study addresses the
importance of relating smart collaboration to the overall strategy of the firm and define
a clear and common understanding of smart collaboration to set the first cornerstone of
the foundation taking smart collaboration to the next level. Thus, this design principle
represents an elaboration on the existing smart collaboration literature (van Aken et al.
2012).

Design Principle 2. To improve smart collaboration, desirable and undesirable behav-
iors should be defined explicitly.

We inferred this design principle based on the issues related to the lack of clarity
related to appropriate behaviors. Without defining what behavior encourages smart col-
laboration and what behavior prevents colleagues from collaborating first it is not clear
for colleagues within the firm what is expected from them, and this won’t lead them into
the right direction.

This design principle is related to understanding individual behavioral tendencies
discussed in the smart collaboration literature (Gardner 2017; Gardner and Matviak
2020a, b). The smart collaboration literature suggests that hinges on behaviors within
multidisciplinary teams. By making deliberate choices about how to behave in a team
setting, people have the power to help the group collaborate more effectively (Gardner
and Matviak 2020a, b).

Our design principle resonates with this conversation in the smart collaboration lit-
erature (Gardner 2017; Gardner and Matviak 2020a, b), yet it goes beyond it. Beyond
making people aware of their behavior, it is important to provide employees with direc-
tion by defining what desirable behavior a firm wants to see when it comes to further
improving smart collaboration. This gives people the opportunity to move to that desired
behavior for collaboration.

Design Principle 3. To improve smart collaboration, it should be thought of as a process
that needs to be worked on continuously.

We inferred this design principle because when it comes to culture a firm must
realize that smart collaboration is a ‘verb’. There is no such thing as an end-state of
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smart collaboration. This is something that a firm should be constantly working on.
This insight gives The firm the leeway to move to the so-called desired behavior and
collaboration culture. When creating a desired culture for smart collaboration a firm
must have the following in place: a) secure based leadership where people feel secure to
find help and be open to share ideas, b) corrective tooling to help and guide colleagues
to do the right things c) trained colleagues that are able to give constructive feedback
and know how to refer to the right behavior and correct old behavior attitudes.

This design principle is related to culture discussed in the smart collaboration liter-
ature. The smart collaboration literature suggests that culture can be seen as a force for
alignment. Next to that, culture is amorphous, it is intangible, and it directly affects the
behavior of every single person in the organization. Culture is dynamic and something
you manage daily. The culture of a firm is shaped by the decisions that are made facili-
tated, which then affect behavior, which subsequently becomes part of ‘how things are
done here’ (Lorsch and Tierney 2002).

Our learning represents an elaboration to existing literature on smart collaboration. It
not only describes what to have in place to create a desired culture for smart collaboration
(i.e., secure based leadership). Beyond that our study outlines that the realization of
smart collaboration being a ‘verb’ and does not have an end-state should provide a firm
an important insight that smart collaboration is something that a company should be
constantly working on.

7 Conclusion

This study was motivated by a practical problem, as well as a design problem (Seck-
ler et al. 2022). While previous smart collaboration literature provides insights into
introducing smart collaboration to a firm, little is known about fully integrating smart
collaboration into the firm’s operations. In this design science project, we addressed
this question. Taken together, the study contributes to the body of design knowledge in
three ways. First, by developing an artifact for improving smart collaboration. Second,
by outlining more general design principles on improving smart collaboration in profes-
sional service firms. Third, by providing initial empirical evidence for the quality of the
proposed design object. We hope that scholars and other firms may benefit from these
initial ideas on moving smart collaboration from good to great.
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Abstract. The digital transformation of small businesses is different from larger
businesses. Applying large business management approaches on a smaller scale
may lead to missed opportunities to achieve meaningful digital transformation.
In this paper, we explore what is the relevant design knowledge needed to guide
small business digital transformation. To answer this question, we systematically
reviewed small business and IS literature to identify seven key characteristics
relevant to digital transformation. Based on these characteristics, we propose 20
mechanisms for small business digital transformation that are justified and illus-
trated using retrospective analysis of nine different cases across three continents.
While some of the mechanisms are well known and relate to larger organizations,
we also identified mechanisms that are unique to the small business context. With
that, our contributions are twofold. We contribute to theory by identifying rele-
vant design knowledge for small business digital transformation, and to practice
by proposing mechanisms and real-world examples, especially for the design of
small business platform providers.

Keywords: Small business · Digital transformation · Design principle · Action
design research

1 Introduction

Forty years ago,Welsh andWhite [44] argued that “a small business is not a little big busi-
ness”. According to the authors, small businesses are different from larger businesses;
we cannot apply large business management approaches on a smaller scale. The man-
agement literature hasmade significant progress since then on identifying small business
issues. However, there is very little accumulated information systems (IS) research on
small businesses [12]. Further, recent nascent research on digital transformation sug-
gests that extant theoretical assumptions are not fully transferable to the small business
context [30, 40].
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The above issues are important because small businesses, often referred to as small
and medium-sized enterprises (SMEs), represent more than 90% of all businesses, about
60–70% of employees, and 55% of GDP worldwide [6]. In the United States, there are
30.7 million small businesses compared to 19,699 big businesses [43], Australia has
2.35 million small businesses compared to 4,471 big businesses [39], and Germany
has 2.5 million small businesses compared to 11,897 big businesses [36]. These figures
underscore the importance of small businesses to the economy and thus the need to
understand and serve their entrepreneurial unique needs.

These small businesses are now focusing on digital transformation to compete and
survive in the global inter-connected economy. Modern platforms such as Shopify, Wix,
WordPress, and others are accelerating the process by providing powerful low-cost capa-
bilities. These platforms are often used by small businesses as a vehicle for digital trans-
formation. Yet, it is unclear if the design of these platforms which tend to focus on
generic scalable capabilities fully meet the needs of small business, and whether they
bring new challenges [29]. Moreover, some businesses are so unique that they still may
need to innovate by pursuing new digital solutions, and/or manage their dependency on
prior investments. Yet, for all of these scenarios, theories to guide design and use are
limited [30].

Over the past two decades, the digital transformation of businesses has been widely
researched in the IS field. Existing literature has looked at the transformation of business
processes, work, organizing, business models, organizational structures, value creation,
strategies, capabilities, resources, and other related concepts [14, 17, 37]. While the
contributions of such research have advanced our knowledge, the focus of those studies
are larger businesses. Given the larger business context, participants, and associated
data, we question whether the findings are applicable across all businesses, specifically
design knowledge. For instance, an enterprise resource planning (ERP) system for a
global retail firm with thousands of employees such as Walmart, requires capabilities
such as COMMIT or ROLLBACK given the volume of transactions, likelihood of errors
from many users, crashes, network issues, and so on. Are these capabilities relevant for
a sole proprietor retail business? Such a business may need some ERP-like capabilities
such as tracking inventory, but the context of use and needs will likely be very different.
Therefore, the overall goal of this study is to ask, Welsh and White’s forty-year-old
question again in the context of design, i.e., go beyond the assumption that small business
design knowledge is the same as “little big business” design knowledge [44].

Specifically, our research question is: What is the relevant design knowledge needed
to guide small business digital transformation? To answer this question, we (a) system-
atically review the prior small business literature to identify characteristics relevant to
digital transformation (b) review the IS literature on digital transformation and particu-
larly as it relates to small businesses, and (c) derive theoretical design knowledge that can
inform small business digital transformation. Our derived design knowledge provides
a foundation for small businesses and entrepreneurs, as well as platform providers, to
create innovative solutions to foster digital transformation.

In the next sections, we first systematically review literature to identify insights,
nextwe derive theoretical design knowledge, and finallywe illustrate the design concepts
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using retrospective analysis of action design research (ADR) studies in theUS,Germany,
and Australia.

2 Research Approach

Our research approach includes two parts, first, we conducted a literature review and
then, we conducted a retrospective analysis of ADR studies in the US, Germany, and
Australia based on the results of the literature review.

An important source for design knowledge is the extant business and IS literature
on small businesses. Therefore, the objective of the literature review is to systematically
identify characteristics of small businesses relevant to the context of digital transforma-
tion. For this study, we focused on articles published between 2000–2021 on (1) digital
transformation relevant topics in small business specific journals, and (2) small business
articles in IS basket-of-eight journals (see Table 1).

Table 1. Literature review corpus details

Selected Journals (Number of hits / numbers of relevance)
Small Business Specific Journals IS Journals

Family Business Review (2/1) European Journal of Information Systems (3/2)
International Journal of Entrepreneurship and 
Small Business (23/3)

Information Systems Journal (4/1)

International Journal of Globalisation and Small 
Business (2/0)

Information Systems Research (4/0)

International Small Business Journal (2/0) Journal of AIS (0/0)
International Small Business Journal: Researching 
Entrepreneurship (5/0)

Journal of Information Technology (3/1)

Journal of Family Business Management (2/2) Journal of MIS (2/0)
Journal of Family Business Strategy (3/0) Journal of Strategic Information Systems (2/1)
Journal of Small Business and Enterprise Devel-
opment (17/7)

MIS Quarterly (3/0)

Journal of Small Business and Entrepreneurship 
(11/7)
Journal of Small Business Management (8/5)
Journal of Small Business Strategy (4/2)
Small Business Economics (19/1)
Small business journals (=12): 98 hits, 30 relevant 
after abstract check, 28 after full text check.

IS journals (=8): 21 hits, 5 relevant after abstract 
check, no change after full text check.

We searched in the titles, abstracts, and keywords using multiple spellings and
with OR-operator. For the small business journals, the search terms were: computer-
ization, process reengineering, automatization, transformation, and digitalization. For
the AIS journals, we included: computerization, process reengineering, automatization,
transformation, and digitalization, in combinationwith SME, small, family, and entrepr*.

We followed an abductive coding approach. First, a characteristic schema for small
businesses was derived from selected key articles. Then, articles from the corpus were
coded using the schema, newly identified categories and subcategories were included,
and finally our coding schema was consolidated.
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We integrated the literature reviewwith the findings of nine separate cases conducted
across three different continents of smaller businesses of less than 50 employees (cf.
Table 2). We apply the design knowledge codification scheme of Gregor et al. [21] as a
lens to analyze the cases. For each of the identified key characteristics relevant to digital
transformation, we used our cases to examine the small business’ goals in the specific
context and identify the mechanisms employed to achieve the goals. The formulation
of our findings as design principles captures the design knowledge in accessible form,
providing mechanisms for digital transformation. All authors individually coded the
cases from different regions using the schema before we brainstormed the mechanisms.
Lastly, we followed an iterative process to improve the definitions of the mechanisms.
The Gregor et al. [21] is relevant because it emphasizes goals in context (i.e., small
businesses) and themechanisms for achieving these goals. Next, we illustrate the results.

Table 2. Case details about ADR studies

Country Short description Case ID

Australia 3-year study in a retail network in the building and
construction industry consisting of 25 specialized stores
to develop a digital transformation roadmap. Individual
stores had a store manager and a minimum of 5 to
maximum of 45 employees to manage their suppliers
and customers. IT systems are shared in the network

AUS (hardware)

Germany 3.5-year study in a textile production network involving
three businesses. The companies collaborate in their
daily business and have jointly embarked on a digital
transformation project introducing a digital platform.
They have 12, 18, and 24 employees

EU1 (textile)

4-month study in a metal working network involving
three businesses. The companies have a close
collaboration in production and have jointly started a
digital transformation project introducing a digital
cross-company IT support. They have 3.5, 10, and 20
employees

EU2 (metal)

8-month study in a retail network involving five
businesses. The network consists of a clothing producer
and four retail stores. Driven by the producer, they have
jointly started a digital transformation project
introducing an IoT platform. The producer has 20
employees and the retail stores around 5

EU3 (textile)

(continued)

3 Characteristics of Small Businesses

We identify seven relevant characteristics of small businesses based on our literature
review (see Table 3). We found that most researchers (70%) describe small businesses
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Table 2. (continued)

Country Short description Case ID

United States 1.5-year study digitally transforming 74 small
businesses using 2-week agile sprints, primarily in retail
or service industries, of which 52% are sole proprietors
or have 1 full-time employee, and the remaining have
less than 30 employees. We focus on 5 of these
businesses to illustrate the retrospective analysis

US1 (cosmetics)
US2 (discount store)
US3 (stationery)
US4 (hair salon)
US5 (alcohol)

based on their limited resources and capabilities. Because of their lack of financial and
human resources, small businesses allocate less resources for digital transformation [40]
and often depend on the capabilities of individual employees compared to IT depart-
ments of larger companies [28]. In contrast, small businesses have strong networks and
work collaboratively to overcome limitations [9, 16]. Some studies suggest incremental
resource reconfiguration and reorganization might be an approach for small businesses
rather than disruption [12, 13]. Strong networks and adaptability are therefore important
for small business digital transformation.

The culture of small businesses is identified as either traditional or entrepreneurial,
which is the focus for many of the studies (64%). Traditional small businesses, mostly
family-owned, tend to be less innovative in digital transformation as personnel resistance
impedes the ability to continuously renew the firm [34, 40]. Overall, our analysis shows
that most small businesses have an entrepreneurial focus and try to develop a culture
of risk taking. Some studies identify the role of their “owner-manager” in creating an
entrepreneurial culture [9, 41].

The literature also considers organizational structure, business processes, and busi-
ness models to analyze small businesses in the context of digital transformation. Small
businesses are often controlled centrally by one person [28, 29], who is referred to as
the owner-manager [41], compared to distributed and hierarchical structures of larger
companies. In general, small business’s operational processes are organic and informal,
hence there is more flexibility to adapt [16]. In terms of strategy, small businesses tend
have a long-term goal and dynamic planning [42] although digital strategy has become a
recent consideration [40]. Some small businesses have even adopted new business mod-
els through digital transformation [3, 7]. These organizational factors and their variations
also differentiate small businesses from larger companies.

Small businesses use intra- and inter-organizational approaches for digital transfor-
mation. Digital transformation of internal operations, both in entrepreneurial as well
as traditional family-owned small businesses, has been studied as a topic of research
in the past decade [35]. Such digital transformation initiatives have benefitted from
dynamic resources and flexible processes of small businesses compared to more stan-
dardized and strategically planned approaches in larger companies [30, 40]. Moreover,
small businesses develop strong inter-organizational networks and share resources and
capabilities for digital transformation [2, 12]. In return, digital transformation also helps
small businesses to overcome resource limitations and be more innovative [35] as well
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Table 3. Literature review on small business characteristics
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Canhoto et al. [12] X X X X X X X
Mandviwalla & Flanagan 
[30]

X X X X X X

Soluk & Kammerlander [40] X X X X X X X X X
Akpan & Ibidunni [1] X X X X
Akpan et al. [2] X X X X X X X X X
Albats et al. [3] X X X X X X
Ano & Bent [5] X X X X X
Beckmann et al. [9] X X X X X X X X X
Cannas [13] X X
Proksch et al. [33] X X X X
Bollweg et al. [10] X X X X X X
Depaoli et al. [16] X X X X X X
Fachrunnisa et al. [18] X X X X
Fauzi & Sheng [19] X X X X X
Holopainen et al. [25]
L’Écuyer & Raymond [27] X X X
Rashid & Ratten [34] X X X X X X X
Rosin et al. [35] X X X
Baber et al. [7] X X X
Pelletier & Cloutier [31] X X X X X X X X
Li et al. [29] X X X X
Gherhes et al. [20] X X
Taiminen & Karjaluoto [41] X X X X X
Hamilton [22] X X X X X
Baumard [8] X X X X X
Lee et al. [28] X
Pollard & Svarcova [32] X X
Butler & Murphy [11] X X X X
Hatum & Pettigrew [23] X X X X X
Daniel [15] X X X X
Tse & Soufani [42] X X X X X
Kickul [26] X X
Anaya [4] X X X X X
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as bring in knowledge and resources using programmatic inter-organizational linkages
[31]. Finally, external environmental conditions such as the location, market, industry,
and competition have also influenced the digital transformation of small businesses.

In sum, our literature review revealed a number of small business characteristics that
are relevant for digital transformation. We focus next on inferring design knowledge
from the characteristics identified by the literature, and using retrospective analysis on
the nine cases to illustrate the design knowledge.

4 Designing for Small Businesses

In this section, we present the derived small businesses design knowledge. Figure 1
summarizes the small business characteristics that impacted the design and use in our
cases in the left column. Based on the characteristics, the second column infers digital
requirements. The last column summarizes the requirements into a set of digital mech-
anisms. The design principles can be read from the figure as follows: In the context of
small businesses characterized by [resource limitations]: To allow [low cost for non-
essential components and low budget allocation on IT], implement the mechanism of
[modularization].

Limited resources influence the case companies to focus on low digital costs using
multiple mechanisms. In AUS and EU3 we see Appropriation where free and open-
source softwarewas customized andRentalwhere cloud serviceswere subscribed instead
of on-premise hosting and owning the infrastructure (e.g., IoT platform). In addition,
Modularization of IT services in US1-5 and EU3 provides the opportunity to mix and
match suitable solutions. Overall, these three mechanisms address the small businesses
resource limitations.

Incremental digital transformation and IT adoption are desirable to overcome the
limited capabilities that most small businesses face. Masking is a mechanism to inten-
tionally shield the user from complex issues. In EU1 a neural network was implemented
as a “black box” module for a retrieval system.

Capability limitations and the traditional culture of small businesses suggest IT adop-
tion will be incremental, and traditional practices tend to persist. Therefore, in addition
to modularization,Guidancewas an important mechanism in the AUS case, where there
was a focus on maintaining tradition. These mechanisms facilitate the gradual detach-
ment or transformation of traditions. Similarly, in the US2 case, making users familiar
with process changes associated with new technology was an important aim. The case
company was uncomfortable with e-commerce because it is different from a physical
cash register. Skinning, layering traditional ways of operating on the ecommerce engine
can address this challenge. Even if embedding of traditional routines is inefficient, the
comfortable symbiotic relationship that has grown between employees and customers
of these small businesses is important.

The entrepreneurial culture shapes the value system of small businesses suggesting
the need to support curiosity and the desire to innovatewhile exploring creative solutions.
In the AUS case, we observed how theDiscoverymechanism was leveraged to highlight
new services and capabilities in the IT system to promote learning. Family members
assumed central responsibilities and developed an interest in building up IT expertise
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Fig. 1. Derived design knowledge

to support their business. Adaptability and Generativity are also important whereby the
system can be modified to support unforeseen solutions. This was evident in the cases of
EU1 and EU2, where workflow-defining wizards were reconfigurable via a management
console, and interfaces for external services were provided.

Adaptability also plays a major role in non-formalized processes. Small businesses
have a strong interest in avoiding rigid solutions. On the other hand, we also observed
that IT-supported processes should be highly customized to the context. In almost all
cases, the mechanism that improved the adoption of new IT systems was Industrifica-
tion, where highly specific business processes and terms were layered on top of basic
generic capabilities such as inventory management, e.g., for hair salons, technical textile
development, or the construction industry.

Although, or maybe because, strategic processes tend to be weaker in small busi-
nesses, owners typically show a high interest in solutions that provide new insights into
their operational data and forecasting. In the AUS and EU3 cases, managers of small
businesses benefit greatly from business Analytics and reports to forecast the future.
Especially in highly dynamic market environments, many decisions by the owners are
based on ad-hoc reactions to keep the company on track. In the case of EU1, it was
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therefore shown that data analysis and reporting could play an essential role in reducing
the cognitive load and burden on the owners.

Due to the centralized firm structure, the system should be able to delegate roles and
access levels. Yet, it should also be possible to operate the system as a single person and
thus take on all roles, Role and Task Integration, which enables the consolidation and
bundling of multiple roles and tasks was important for US1 and EU1-3. For instance,
in the US1 case, the sole proprietor did not have the time or capability to operate and
learnmany specialized application environments distributed across numerous platforms.
Additionally, in theAUS case, it was observed that the tasks and roles of employees could
change dynamically, e.g., from an IT supporter to a data analyst, and a quick transfer of
roles should be possible. Using the Predefined Roles mechanism, role and task presets
such as dispatcher or order taker facilitate dynamic role allocation.

Based on the characteristic of complementary business models and the opportunistic
orientation of small businesses, we observed that IT systems have to support shifting of
offered products and services. The mechanism of Flexibility is important in addition to
Adaptability to allow for changes in the product-service mix. For example, in the US3
case, a company shifted from offering printing services to selling stationery, thereby
taking advantage of complementary skills.

Intra-organizationally, small business will use multiple platforms based on pricing,
familiarity, history, and other factors. In cases US4-5 and EU2, the Configurability
mechanism can configure bundles of services and the Recommendation mechanism can
recommend relevant features. US4 was overwhelmed by three different websites and
two different point-of-sale systems. US5 had an existing static WordPress web design
vendor and assumed that they need to set up a new platform for ecommerce, not knowing
that WordPress can easily be extended to e-commerce.

In the intra-organizational landscape of small businesses, especially traditional fam-
ily businesses, legacy systems have been in operation for a long time. The AUS case
showed thatMigration mechanisms (e.g., replacing proprietary file formats) are impor-
tant to keep the IT systems usable and maintainable. In the cases of EU1-2, the mecha-
nism Interoperability to share data between systems and modules was implemented. In
the cases of AUS and EU1-3, the Sharing mechanism provides a shared infrastructure
and efficient resource exchange. These shared platforms can help small businesses stay
closely connected to their local communities. Finally, digital transformation can in most
cases expand access to new customers, markets, and product mixes. In AUS and US1 as
well as US5, we see that the mechanisms of Expansion and Pivoting are important for
growth (e.g., integrating with eBay to expand to new markets).

5 Discussion and Conclusion

In this study, we ask if the design knowledge needed for small business digital transfor-
mation is different from what we know from larger businesses. To answer this question,
we systematically reviewed small business and IS literature to identify seven key char-
acteristics relevant to digital transformation (Table 3). These characteristics lead to 20
mechanisms (Fig. 1) that are justified and illustrated using retrospective analysis of nine
different cases across three continents.
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Our results show that there are similarities and differences. For example, in the con-
text of larger firms, Yoo et al. [45] identify modularization and layering as important
mechanisms appliable to all businesses, Silver [38] discusses guidance,while recommen-
dation systems, analytics, flexibility, appropriation, and interoperability are well known
concepts. We show that these issues are important for smaller businesses. However, we
also identify mechanisms that are specific to smaller firms, such as rental, masking, skin-
ning, discovery, industrification, task and role integration, and pivoting. Further, some
concepts such as flexibility have a differential meaning; for larger businesses flexibility
likely means relatively small changes to product details, while for smaller businesses, it
means the capability to completely change the product mix.

One potential limitation of this study and most other related research is a definitional
challenge. In the United States, small businesses are defined as having fewer than 500
employees, whereas in Australia and Germany, it is fewer than 200 and 250 employees
respectively. These governmental definitions carry over to the research literature. This
is problematic since our work shows that a business with one or two employees will
likely face different environmental, strategic, and operational conditions, and conse-
quently different digital transformation issues, compared to for example a business of
250 employees. To avoid such theoretical mix-ups, in this study we specifically focus
on businesses of less than 50 employees, include a wide variety of business types in the
analysis, and go across regions. These businesses constitute the vast majority of all small
businesses (in the US about 75% of all firms have 1–9 employees Headd [24]). How-
ever, additional work is needed to fully delineate the boundary conditions. Overall, to our
knowledge this is the first such study to focus on and identify relevant design knowledge
for small businesses. The results also have important implications for practice, especially
the design of small business platforms.
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Abstract. In this paper, we address the challenge of how social entrepreneurs can
create a business model that can generate revenue while at the same time have an
impact on society.We describe a novelmethodology that we callModels of Impact
(MOI) along with a toolkit. MOI has been used by thousands of entrepreneurs
worldwide who have found it to be extremely useful. We present its usefulness
and efficacy through a variety of use case studies.

1 Introduction

Most technical entrepreneurs working in a startup environment focus hard on building
an innovative product but forget that an elegant solution does not automatically translate
into a successful business. Businesses must find an elegant business model, with the
right price, messaging, and delivery channel to the right customers to have a sustainable
and viable business.

The idea of “social entrepreneurship” has struck a responsive chord [1]. These
entrepreneurs combine the passion of a social mission with a business-like determi-
nation. They want to have an impact on the community they serve. Social entrepreneurs
like non-profits are focused on generating revenue but are driven by a desire to leave an
impact on society and the world. Hence the problem we are dealing with here is how can
social entrepreneurs create a business model that can be financially fruitful (revenue
generating) and yet have an impact?

Revenue model typically refers to the method a business or organization uses to earn
revenue from the target market. An Impact model refers to a method that allows for a
non-profit organization, or for-profit businesses, to operate sustainably and effectively
while simultaneously maximizing impact in the community they serve (see https://reg
inald.gumroad.com/l/moiv5). If one focusses only on the impact model, they will feel
fulfilled, but that sense of purpose will not last long due to financial constraints. If you
only have a revenue model, you might get wealthy, but ultimately you will feel a lack
of motivation and purpose. The challenge is to find a business model that balances both
the impact and revenue and helps to create a venture that can support and fulfill the
social entrepreneur. This is a challenging problem being faced by social entrepreneurs
worldwide.

Whenever a business enterprise is established, it either explicitly or implicitly
employs a particular business model that describes the design or architecture of the value
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creation, delivery, and capture mechanisms it employs [2]. The essence of a business
model is in defining how the enterprise delivers value to customers, entices customers
to pay for value, and converts those payments to profit. It thus reflects management’s
hypothesis about what customers want, how they want it, and how the enterprise can
organize to best meet those needs, get paid for doing so, and make a profit.

In this paper, we describe a novel methodology (called Models of Impact) and a
toolkit for helping to create a businessmodel that can balance revenue and impact aspects
in an effective manner. This methodology has been used by thousands of entrepreneurs
worldwide who have found it to be extremely useful. In the next section we discuss some
related and background work. In Sect. 3, using the DSR methodology, we describe the
design of the models of impact. In Sect. 4, we present evaluation of the methodology
and the toolkit via three different user case studies. In Sect. 5, we provide some critical
reflection of our work and discuss few limitations. Finally, in Sect. 6 we conclude with
the main contribution of our research and discuss future possibilities.

2 Related Work and Literature Review

2.1 Business Models and Social Impact

According to Magretta [3], “a good business model answer’s Peter Drucker’s age-old
questions: who is the customer? And what does the customer value? It also answers
the fundamental questions every manager must ask: How do we make money in this
business? What is the underlying economic logic that explains how we can deliver
value to customers at an appropriate cost?” Studies have found that entrepreneurial
and established organizations that innovate their business models experience improved
performance [4, 5]. As a result, Business Models Innovation (BMI), which adds the
“innovation” dimension to business models, has emerged as an area of interest for both
practitioners and academics.

However, the process for generating a new business model is challenging. Therefore,
there are several tools to guide companies through the process. For example, Osterwalder
[6] established the Business Model Canvas (BMC), which is frequently used in practice.
TheBMChas nine building blocks that showhow the companyplans to deliver value. The
building blocks are: key partnerships, key activities, key resources, value propositions,
customer relationships, channels, customer segments, cost structure, and revenue stream.

For companies that aim to make a social impact, this impact must be incorporated in
the business model. Social impact, as Stephan et al. [7] state, is the beneficial outcome
resulting from positive social change; which is defined as “the process of transform-
ing patterns of thought, behavior, social relationships, institutions, and social structure
to generate beneficial outcomes for individuals, communities, organizations, society,
and/or the environment beyond the benefits for the instigators of such transformations.”
According to [6], business models with a social mission have a “triple bottom line”
accounting for environmental, social, and financial costs. Thus, the BMC contains extra
Blocks for the social and environmental costs of a business model (negative impact) and
the social and environmental benefits of a business model (positive impact). According
to [6], “just as earnings are increased by minimizing financial costs and maximizing
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income, the triple bottom line model seeks to minimize negative social and environ-
mental impacts and maximize the positive.” Given the complexity and limited resources
available for social entrepreneurs, education is key to enable them to generate sustainable
business models.

2.2 Social Entrepreneurship Education

Various approaches have been adopted to teach social entrepreneurship such as the
theory of change model [8, 9] and the social enterprise audit [10]. Fox et al. [11] also
describe simulation in entrepreneurship education and explain that “in most cases, the
games simulate decision, choice, and action frameworks well, and have a good level of
fidelity for the chosen audience. Learners gain access to appropriate processes and have
an opportunity to have fun and play “as if” they were the founder of a business.” Despite
the availability of these approaches, a review of the BMI literature highlights a gap in
researching the role of learning and experimentation specifically for BMI [12].

2.3 Revenue and Impact Models

In the area of social entrepreneurship, the key challenge is to find the right balance
between revenue and impact model(s) (see Fig. 1).

Fig. 1. Business model that balances the impact and revenue models

A revenue model is the strategy of managing a company’s revenue streams and the
resources required for each revenue stream. Over the years several different types of
revenue models have emerged. We created a glossary of the most popular terms that
are used in the context of revenue model. The glossary was created out of literature
search as well as from our observations of how companies are creating revenue for their
businesses. The complete list of revenue model is too big to describe here. Instead, we
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show below in Fig. 2 a sample of revenue model and provide few definitions of them so
that the reader can understand the context. The full glossary can be accessed at https://
reginald.gumroad.com/l/moiv5.

Fig. 2. Samples of revenue and impact model

Hourly Rate: A structure for paying for a service provider’s work. Typically, when
someone is working on an hourly rate, it is for a small job, or for maintenance, and an
estimate of hours is provided prior to commencement.

Freemium: Originally known as “crippleware”, the Freemium model offers users with
multiple tiers of packages for a product, with one of those tiers always being free.
Most commonly leveraged in the digital space, the free tier includes a limited number
of features, while the paid tiers offer a substantially more robust experience/suite of
features (e.g., DropBox, LinkedIn).

Cross-Subsidy: A revenue model/pricing structure in which the purchases of a con-
sumer directly fund another product/initiative of the brand they are buying into without
them realizing it. Put simply, a cross-subsidy is what happens when one thing pays for
another thing (e.g.,Microsoft/XBOX, Sony/PlayStation, Gillette Razors).

Figure 2 also shows a sample of impact models. An Impact model is a method
for creating sustainable impact on people, community, and the planet. While the full
exhaustive list is available in the glossary, below we provide a few examples and their
definitions.

Sharing Economy: A collaborative economy that is built around the concept of sharing
physical or intellectual resources between peers (e.g., Burning Man, Task Rabbit, Uber,
Lyft, Airbnb, Good Things Everywhere).

One for One: A model that allows customers to purchase a product that addi-
tionally sponsors a product of equal or lesser value to be sent to individu-
als/communities/organizations in need (e.g., TOMS, One Laptop Per Child, BOGO
Bowl).

https://reginald.gumroad.com/l/moiv5
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Cradle-to-Cradle Products: Products designed such that once consumed they are
easily collected, segregated and converted to new products (e.g., Aluminum cans).

3 Research Methodology

The Models of Impact methodology was developed following the Design Science
Research [13] method. First, we framed the problem as follows. We initially recog-
nized that most entrepreneurs generate business models that focus on revenue instead of
social impact and that there are limited resources that address the social impact while
designing a business model. We validated this problem by speaking to several startup
owners as well as emerging entrepreneurs. This was part of the relevant cycle. In the
rigor cycle, we adapted concepts from the business canvas model BMC to further inform
the design. We also noted down our own observations about how companies are using
revenue models to generate revenue. A glossary was next created. We also aimed to
make the process for generating a social impact model fun and engaging. Hence, we
created a game that uses randomization for business model generation. The game can
be played by entrepreneurs or for that matter anyone thinking of starting a business.
The initial randomization method used a shuffled deck of cards. In later iterations, we
used a 12-sided dice. The game is described in detail below. Finally, the design cycle
combined the context requirements with outputs of the rigor cycle to build the toolkit
called “Models of Impact”. We evaluated its utility and usefulness through several case
studies. In fact, to date the Models of Impact game have been played by over 50,000
people in nearly 150 countries.

3.1 Kernel Theory – Game-Based Learning

The theory of game-based learning [14] involves a new way of training the employees of
companies. We are referring to the use of games for learning. Definitions of game-based
learning mostly emphasize that it is a type of game play with defined learning outcomes
[17]. Usually, it is assumed that the game is a digital game, but this is not always the case.
A corollary to this definition is that the design process of games for learning involves
balancing the need to cover the subject matter with the desire to prioritize game play
[14].

Game-based learning is built upon a constructivist type of learning [15]. What does
this mean? Constructivism posits the need to provide students with the necessary tools so
they can build their own procedures in order to solve a problem. This implies a participa-
tory process by students, who interact with their environment to solve the situation that
is being set out to them. Safe practice, experiential learning and interaction are the pillars
upon which the theory of game-based learning stands. Learning through games allows
students to experiment in non-threatening scenarios and acquire knowledge through
practice and social interaction both with the environment and their peers.
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3.2 The Artifact Design: Models of Impact Game and Toolkit

“Models of Impact” is a role-playing and ideation game that simulates the process
of generating innovative business models. It includes the collection of 200+ models
(revenue and impact in a glossary) and instructions to guide players through a series
of activities. There are four steps in the game: learn, invent, program, and report (see
Fig. 3). Since randomization is central to the game’s experience, players use a n-sided
dice (like the dice used in Dungeons and Dragons; n can be 6, 12, or 20) to combine
impact models, revenue models, and other factors that generate a new idea.

Fig. 3. MOI process flow and conceptual model

The game has the following steps.

Step 1: Learn
In the “learn” phase, players explore the collection of revenue models, impact models,
and other factors. After that, players select 12 models of each to experiment with. The
players all have access to the glossary and they learn from it and choose 12 revenue
models, impact models and other factors. What is “other factors”? If the game is being
played in a community room, it typically will include 12 emerging issues, or exciting
trends, resources or interests that the people in the room have. If the game is being
played inside a corporation, then it will include 12 different skill-sets and organizational
competencies that the company has. At the end of learn phase, the players have a drawing
board which would look something like Fig. 4 below.

Step 2: Invent
The invent phase consists of 3 rounds. We select a 12-sided dice to roll. In round 1, each
player rolls the die 3 times. The first number the dice lands on dictates which revenue
model should be selected. The second number the dice lands on would indicate which
impact model to select. The third number would indicate which item on the list of other
factors to select. In Round 2 each player will select 2 items from each list. In round 3, the
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Fig. 4. A 12-sided dice which would pick impact, revenue, and other factors

players select 3 items from each list and combine them to generate an idea (see Fig. 5).
Each of the idea generated at the end of Round 3 can be plotted in two axes – impact
versus revenue. The invent phase ends by selecting the idea that best balances between
impact and revenue.

Fig. 5. Invent the best business model

Step 3: Program
In the program phase, players are asked to complete the “Models of Impact Canvas.” The
canvas template is shown below in Fig. 6. Each section of the template has 2 questions
that the team is asked to fill. The questions are shown below.

Step 4: Report
Finally, the report phase is where players present the idea to a peer for feedback
using a method called “TOAST” which stands for Transparency, Opportunity, Analysis,
Strategy, and Transformation.
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Fig. 6. The MOI Program Canvas and its associated Questions

4 Evaluation – User Case Studies

Models of Impact has been played by over 50000 people across 150 countries. Belowwe
describe 3 different cases where the toolkit has been used and demonstrate its usefulness.

4.1 Use in Education

As of 2021, Models of Impact has been downloaded by faculty and students spanning
80+ colleges and universities. In addition, it is frequently used within incubator and
accelerator programs to expand a participant’s vocabulary for revenue models, while
also introducing the concept of social enterprise. We have also heard of the tool’s use in
younger age groups, and the first author has personal experience leveraging this tool in
the high school setting as well.

The MOI methodology and toolkit has been successfully used in a senior capstone
course, which is known as “The Garage Experience” at the University of Southern Cali-
fornia. The University’s newly established Academy focuses on business innovation and
entrepreneurship. The Academy seeks to empower the next generation of thought lead-
ers, innovators and entrepreneurs through a unique educational experience focused at
the intersection of four essential areas: the arts and design; technology; venture manage-
ment; and communication. These new literacies for the 21st century combine to create
a new disciplinary expertise that will prepare the graduates to adapt quickly to rapidly
changing work landscapes, and to rethink, reimagine, and reapply.

The Garage Experience is a capstone course that undergraduate seniors experience,
with innovative projects leading to operational prototypes and viable enterprises, men-
tored by faculty and industry experts. The Garage is a unique state-of-the-art facility
with cutting-edge technology and mentored support. They have access to cutting edge
hardware, software and mechanical tools for the production of prototypes, promotional
materials and the development of professional presentations. Faculty from a variety of
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disciplines, industry experts and visionaries, and peer mentors work with students to
help them conceptualize their ideas and test their work with authentic audiences and
consumers. Students have an opportunity to “pitch” their ideas to potential employers,
patrons, sponsors, and/or funding entities.

The first year the Garage Experience was offered, the most challenge and difficulty
that students faced was to come up with a business idea that can generate revenue as
well as have an impact. Many student ventures and projects had difficulty appropriately
balancing impact and revenue. But in the following year, when the first author introduced
the Models of Impact framework as a tool for helping the students see the potential for
their ventures, the student teams generated several noteworthy business model concepts
and many of the students even went on to garner venture funding. As a result, Models of
Impact became a permanent fixture in the Garage Experience course at USC, as well as
in the freshman year business courses, allowing the students to bookend their experience
in the school with insights and deep reflection into social enterprise.

4.2 Use in a Large Non-profit Organization

The American Heart Association is a nonprofit organization in the United States that
funds cardiovascular medical research, educates consumers on healthy living and fosters
appropriate cardiac care in an effort to reduce disability and deaths caused by cardio-
vascular disease and stroke [16]. They were looking for help to define the organization’s
strategic value proposition, including a range of new business opportunities, through the
year 2030.

In 2016, verynice, a design strategy practice founded by our first author was selected
by the American Heart Association to engage in a 10 month-long strategic initiative to
help the organization. Models of Impact was leveraged as part of this initiative in order
to engage a wide range of stakeholders in the ideation process regarding future lines of
business the organization could head in. Specifically, the MOI toolkit was used to help
AHA team of strategists imagine several revenue and impact model scenarios that the
organization could further explore.

A Senior Strategist from AHA states “it’s a challenge to get traditional thinkers out
of their comfort zone and try new approaches. MOI is a great way to facilitate complex
thinking in an approachable way that gives unexpected insights”. In total, MOI was used
to develop over 50 new business models for the organization, of which a portion entered
a pilot phase, or a phase of further evaluation by the organization (Fig. 7).

Following the engagement, we learned that the Models of Impact tool was one of
the drivers in deciding to hire verynice instead of some of the big-name consulting
firms you might expect. This was due to the unconventional nature of the methodology,
but also due to the fact that it was designed to encourage participation in the ideation
process. This was in stark contrast to traditional methods for recommending lines of
business, which are typically generate solely through desk research and market analysis.
Therefore, Models of Impact offered a more “human-centered” take on business model
development which was identified as innovative and unique.
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Fig. 7. Models of Impact gameplay at American Heart Association strategic planning retreat

4.3 Use in Community Events

The most common audience of the Models of Impact experience has been conference
attendees at events spanning the fields of design and social entrepreneurship. TheModels
of Impact game has its debut at a conference held in 2015 in Los Angeles called The
Heart Series (https://www.theheartseries.com/).

Prior to this conference, Models of Impact existed solely as an online glossary,
highlighting 100 different models of impact, which included revenue models and impact
models.

Based on the success of this initial pilot, the first author began iterating upon the game
mechanics of Models of Impact for use in future conferences and events. Specifically,
the game was picked up by General Assembly for use within a series of courses.

Following the success of the game in General Assembly, a school in Moscow, the
Strelka Institute, found out about the game online, and invited the first author to come
to their school to put on an event while also developing an online course inspired by
the game. In addition, courses on social entrepreneurship at the ArtCenter College of
Design and the California College of the Arts were developed using the game.

It is interesting to note that, the majority of Models of Impact downloads actually
come from outside the United States. This is in part due to the ambassador program our
community events helped spark.

Something fascinating is the Models of Impact framework’s ability to serve as an
ethnographic tool; to highlight key issues within local communities. This is due to the
framework’s use of “other factors”, which are lists of key topics of interest to the audience
at-hand. Depending on where the game is played, the content is completely different as
this is entirely driven by the audience. For example, in Mexico City, a business named
Disruptivo has utilized the Models of Impact framework and methodology to introduce
social entrepreneurship to over 10,000 students and professionals. In Russia, Models of
Impact ambassadors, Ekaterina Zatuliveter and GrigoryMartishin have traveled to many
cities across the country to perform the gamewith hundreds of students and professionals.

https://www.theheartseries.com/
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The community events are of note as it indicates the Models of Impact process is
not necessarily only valuable as a consultative or classroom tool, but also for bring-
ing communities together to brainstorm, ideate, and problem solve the challenges their
communities face.

5 Some Reflections and Limitations

The models of impact (MOI) presented here differs from BMC as it is meant for social
entrepreneurs who want to find the right balance between revenue and impact. Our
evaluation is more evidentiary, and we show mass adoption and usage of the method-
ology across a wide group of industries. We acknowledge a limitation that this MOI is
best developed in a collaborative and community setting. Also, the glossary has many
different revenue and impact models to consider that can be overwhelming.

6 Conclusions and Future Work

Business models are widely used but the process of generating a business model that
balances revenue and social impact is often challenging and time-consuming for both
social entrepreneurs and managers. In this paper, we describe a method to generate a
Business Model that draws design principles from game-based learning and BMC. The
method includes four steps: Learn, Invent, Program, and Report.

We believe that this method has implications for both practice and academia. For
entrepreneurs and managers, the method provides an engaging step-by-step approach to
developing an innovative businessmodel. For academia, themethod adds to the literature
describing the process of generating a business model with a focus on social impact. It
also contributes to the research on social entrepreneurship education.

From a DSR perspective, the utility and effectiveness are clearly demonstrated by
the tremendous actual adoption of the methodology and toolkit by wide range of orga-
nizations worldwide. Over 50000 individuals have played the game in nearly 150+
countries.

Looking to the future, this method has the potential to be applied and evaluated in
other contexts. In addition, more research is required to assess the social impact of the
business models generated by the method and toolkit.
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Abstract. This track invites research that foregrounds practical impact aligned
with environmental sustainability challenges (e.g., the 17 Sustainable Devel-
opment Goals of the United Nations) and social and responsible design
grounded in pertinent concepts and theories. Design science research has a
major role to play through the development of artifacts that contribute to sus-
tainability. It should also ensure that the processes to develop artifacts are
sustainable, ethical, and in accordance with human values (e.g., sustainability
and responsibility by design). We identify three key challenges of applying
design science research to achieve the goals of sustainability and responsible
design: early engagement, transdisciplinary involvement, and multidimensional
evaluation criteria.

Keywords: Sustainability ∙ Responsible design ∙ Values

In the digital age, complex and interconnected technologies and systems enable myriad
new business opportunities. From a sustainability perspective, examples include
decarbonization, sustainable energy systems, and the circular economy. From a
responsibility perspective, important characteristics include fairness, inclusiveness,
transparency, explainability, accountability, security, safety, and robustness. While
such opportunities to advance sustainable, responsible, and equitable societies abound,
mere analysis of related problems is insufficient to drive change at the pace required.
Moreover, practice is well ahead of research in these domains. Examples include the
Artificial Intelligence Act proposed by the European Parliament targeting trustworthy
AI and the Model AI Governance Framework developed by the Singapore government.

Design science research has the opportunity to develop artifacts that address the
challenge of sustainability (e.g., through the application of artificial intelligence to
regulate energy consumption or blockchain to implement circular supply chains). In
addition to its potential contributions to sustainability through the development of
artifacts, design science research should ensure that the design process is sustainable
and responsible. This may be achieved, for example, through the development of
design theories or principles.



The Sustainability and Responsible Design track of DESRIST is intended to
address this research opportunity by advancing design science research that promotes
and proposes artifacts that directly address these societal challenges. We adopted an
inclusive approach to papers in the track and invited design science research that is
either design-focused (i.e., focuses on designing, building, and testing socio-technical
artifacts related to sustainability and responsible design) or design-oriented (i.e.,
involves observation or creation following behavioral sciences leading to descriptive
statements that inform design, such as design principles). This allowed us to cast a wide
net to achieve a set of academically rigorous and practically impactful submissions.

The accepted papers provide a sense of design science research’s potential to
significantly contribute to the achievement of the goals of sustainability and responsible
design. However, it is also clear that significant challenges exist for applying design
science research to achieve these goals, and we identify three such challenges: early
engagement, transdisciplinary involvement, and multidimensional evaluation criteria.

First, engaging early in the development and implementation of emergent digital
technologies bears the potential for design science research to actively contribute to this
development, such as through participating in the formation of general design princi-
ples and technology frameworks, standards, or regulatory elements. This can help to
both support sustainability and responsibility related to the technologies’ design as well
as to their application to implement sustainability and responsibility at individual,
organizational, and societal levels. Key contemporary examples include emergent
applications of artificial intelligence and Internet of Things technologies, as the papers
in this track illustrate.

Second, for the design science research community to significantly contribute to the
accomplishment of the Sustainable Development Goals of the United Nations, it will
have to actively address these problems’ complexity by engaging with various stake-
holders and disciplines, consider their approaches to problem solving, and add value
through our capabilities in rigorously developing justified sociotechnical solutions.
This way, we can contribute to the requisite variety needed to address these problems.
Example application fields from the papers accepted to this track include smart home
technologies (requiring the engagement with, for instance, industrial engineering) and
risk management under consideration of artificial intelligence.

Finally, value judgements about what constitutes “good” design need to consider
multidimensional evaluation criteria—such as the aforementioned fairness, inclusive-
ness, transparency, explainability, accountability, security, safety, and robustness.
These evaluation criteria need to be constantly questioned and adjusted to the evolving
requirements of sustainability and responsibility under consideration of the wider
institutional context at regional, governmental, and international levels. Beyond
immediate utility, the long-term impact of artifacts needs to be evaluated. One paper in
this track considers the emancipatory impact of information systems and highlights
how design science research can help develop principles and artifacts for promoting
emancipation.

In summary, the accepted papers demonstrate the significant potential of design
science research to advance environmental sustainability and social and responsible
principles as embodied in the Sustainable Development Goals of the United Nations,
and suggest future research directions in this domain. In the digital age, sustainable and
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responsible design is coming to the forefront, which requires transdisciplinary
approaches embodied in the general theme of DESRIST 2022 and reflected in all
papers in the Sustainability and Responsible Design track.
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Abstract. To reduce climate change, considerable behavioral changes are
required from private households, who often have a low energy literacy and are
therefore unaware of the necessary behavioral change.

We introduce a Design Science Research project with the aim to increase
energy literacy. To this end, we contribute a theory-grounded design theory for a
Smart Home Energy Application based on effective use.

In comparison to previous approaches for designing Smart Home Energy
Applications, the design process is user-centered.

We combine semi-structured interviews with a structured survey and a litera-
ture review to derive meta requirements and deduct preliminary design principles
mapping them to a prototype.

The intermediate results of this study inform research and practice by provid-
ing valuable insights on how users interact with a Smart Home Energy Applica-
tion. The design principles enable the design of information systems allowing for
effective use and contribute to a more sustainable energy behavior of households.

Keywords: Energy literacy · Design science · Effective use theory

1 Introduction

As households are accountable for a significant share of the final gross energy con-
sumption (e.g., 28.9% in Germany in 2020 [32]), they are a relevant interest group that
needs to be targeted regarding emission reduction to achieve the international climate
goals. In the case of private households, the associated necessary Sustainable Energy
Transition (SET) translates into a more sustainable energy consumption including heat,
transportation and electricity consumption. However, energy is a product fulfilling only
functional needs [28] and energy usage is an abstract process not providing any visible
feedback [11]. Therefore, energy is considered a low-involvement good, meaning that
it only gains relevance in case of shortage, which makes it harder to attain consumers’
interest and motivation [28]. This is underlined by various studies stating that energy
literacy, the conscious knowledge of energy consumption and consequences, is low [21].
However, the seemingly low energy literacy of citizens contrasts with the importance of
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citizens and the necessity to understand and address their needs in order to successfully
achieve a SET (e.g., [31]). Therefore, it is necessary to sensitize citizens and encour-
age them to actively participate in the energy transition through an understanding and
consequently an adaption of their behavior. With this study, we present the first results
of a larger Design Science Research (DSR) project [18] aimed at identifying Design
Principles (DP) for a Smart Home Energy Application (SHEA) based on smart meter
data ensuring effective use by consumers. This study comprises a rigorous description
of the problem space derived from interviews, a literature review in the next chapter and
a large survey among owners of PV systems, the first derivation of Meta Requirements
(MR) and DPs as well as the demonstration of the first prototype. We also provide an
outlook on the setup of the DSR project, overall. In particular, this study answers the
following research question:

What are the relevant design principles for the development of a SHEA that enables
an effective use by users to increase energy literacy?

2 Related Work and Theoretical Foundations

In this chapter, we briefly outline previous studies and findings in the area of energy
literacy and associated digital tools. Furthermore, we extensively describe our theoretical
foundation within the theory of effective use.

Energy Literacy and IS. The broad term “energy literacy” covers both content knowl-
edge on a cognitive level and citizens’ understanding of energy including affective and
behavioral aspects [21]. DeWaters et al. [6] define an energy literate person as some-
one, who is able to take informed actions and make sustainable energy decisions by
using her or his understanding of the impacts of energy generation and consumption on
the environment and global community. Over the last years, several studies have been
published revealing the low level of energy literacy within the population all over the
world [22] and the need to do more research on how to increase this level [33]. This
is also affirmed by the authors of [36] stating that customers “lack information about
the environmental consequences of their choices” [p. 12] preventing them from a more
sustainable energy consumption behavior. The authors of [31], for example, investigate
how to engage people to participate and change their energy behavior stating that many
people are still unaware of the consequences of their current energy behavior. Promoting
energy literacy can thus foster a shift in knowledge and perception of energy, thereby
facilitating responsible, sustainable energy related decisions and behavior. Therefore, it
is relevant to gain knowledge on how to engage the general public for a SET by helping
them to become more energy literate.

Information Systems (IS) have been identified as key enablers in the transformation
of organizations and the society towards more sustainable behavior as they provide
information, which can then motivate behavioral and economic actions [8]. According
to the authors of [36], an IS “can distribute information to consumers to influence the
use of a physical flow system” [p. 9] enabling them to make informed decisions about
their energy consumption patterns. This is consistent with the suggestions of the author
of [23] to develop IS to influence individual consumption schemes. Various projects and
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tools that provide energy feedback to their users and influence consumption behavior are
described in the literature (e.g., [5, 26]). While early studies in this research area have
focused on dedicated in-home energy displays, recently, studies have concentrated on
the use of simple and cheaper mobile SHEAs (e.g., [14, 24, 25, 27, 30]). Even though
there are different projects implementing SHEAs to help people understand their energy
behavior, they mostly focus on purely capturing and transmitting the data (e.g., [14]),
and either face the issue of not being used or evaluated over a longer period of time (e.g.,
[30]), or they do not measure the actual effect they have on the users’ knowledge and
behavioral changes (e.g., [27]).While the use of user-engaging designs is already present
on the research agenda in other research areas, like customer service (e.g., [15]) or crisis
response (e.g., [29]), studies taking a user-centered, theory-based design approachwithin
the household energy sector are lacking, but encouraged by different researchers (e.g.,
[10, 14]). To the best of our knowledge, there is no structured research on designing
a SHEA user-centered with the aim of increasing users’ energy literacy inducing more
sustainable energy usage decisions.With our research, we contribute to the area of Green
IS, which has been established to tackle the issues of environmental problems providing
suitable information driven solutions [35]. We provide valuable insights on current user
interaction with existing SHEAs and derive preliminary DPs.

Effective Use Theory. To maximize the benefits of IS, they must be used effectively
[2]. A basic assumption behind effective use is related to the purpose and nature of an IS.
It assumes that systems are not used just for the sake of using them, but to support other
tasks and achieve some other goals [13]. For this matter, Burton-Jones et al. [2, p. 633]
established the effective use theory defining “effective use as using a system in away that
helps attain the goals for using the system.” Effective use is an objective concept, i.e., it
focuses on observable behavior instead of what is perceived by the users (which would
be perceived usefulness referring to a user’s expectation or perception). One central
challenge is the measurement of those objective qualities, which could be assessed in
terms of performance. Effective use is constructed on three hierarchical dimensions
stemming from representation theory [2, 3, 34]. Every lower level is necessary, but not
sufficient for the next higher level. At the start, an (1) unimpeded, intuitive access to
and interaction with the system’s representations is necessary (transparent interaction)
allowing the user to (2) obtain representations, which reflect the underlying represented
domain faithfully (representational fidelity). Finally, the user is enabled to (3) act upon
this faithful representation to improve his or her state (informed action). In our case, users
need to be able to easily access and intuitively navigate through the SHEA (transparent
interaction). Such a seamless interaction saves time and helps users to focus on the
system’s information, which is critical to an effective performance [9]. On the contrary,
effectiveness is reduced if users are not able to find and appropriately use features needed
to gain knowledge about their energy behavior. Representational fidelity then fosters
the effectiveness by increasing the understanding and reducing uncertainties through an
appropriate presentationof the relevant information. In our case, thismeans incorporating
those features and their forms of representation that help users to understand their energy
behavior. If representational fidelity is high, users do not need to spend time verifying the
presented information. Finally, users reach an increased state within the energy domain,
thereby reducing errors and increasing effectiveness if the level of informed action is
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high. In our case, thismeans that users are enabled to evaluate their energybehavior, being
able to make sustainable energy decisions. For example, this could include increasing
their share of renewable energy by using energy at the time that energy is generated
(on a sunny day during the day instead of at night), or the decision to install own
renewable energy generating capacities. On the contrary, an ill-informed action might
lead to spending time on recovering from errors. In conclusion, transparent interaction
activates the informing potential of an IS, representational fidelity then ensures this
potential is positive, and informed action leverages it [20]. While existing research on
SHEAs for increased energy literacy mainly focuses on the representational fidelity by
just showing the data to the users (e.g., [14]), we propose to expand this focus to the level
of informed action by measuring the effects of the SHEA usage on energy literacy and
behavioral change. To address this, we propose to actively engage users in the design
process and build an artifact based on the effective use theory. In general, the challenge
when designing an effective use system is to learn what effective use involves and how
this can be achieved and measured [7]. We describe our corresponding methodology in
the next chapter.

3 Research Methodology

Figure 1 shows the used general DSR Methodology based on Kuechler and Vaishnavi
[18] and the design cycles based on Hevner et al. [17]. In this paper, we summarize
the findings of the first three steps of Design Cycle One, namely the awareness of the
problem, the suggestion and the development of the prototype (boxes in grey). We argue
that the DSR approach is well suited for our research question as it can seek a solution to
a real-world problem, which is of practical interest [17]. Moreover, the DSR approach
allows us to combine the existing knowledge within the areas of energy literacy and
SHEA design with theoretical foundations of effective use. Also, this approach allows
for an execution of build-and-evaluate-loops to test the effective use of our developed
artifact and improve it, correspondingly [17]. This provides a rigorous grounding and
enables us to make a contribution to the existing knowledge base. Our DSR project is set
up over three design cycles. In the first design cycle, we test our artifact in a behavioral
laboratory experiment. In the following two design cycles, we then test it in different
field settings over an extended period of time. Overall, our research project aims to
ultimately contribute a design theory, delivering prescriptive knowledge for designing
SHEAs that increase users’ energy literacy leading them to more sustainable energy
decisions through effective use [16].
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Fig. 1. Design science research methodology (based on Kuechler and Vaishnavi 2008).

4 Designing a Smart Home Energy Application

In this chapter, we report on the results from the first steps of the described DSR project.
We begin by a detailed description of the awareness of the problem and then move on
to the suggestion and development phases.

Problem Awareness Overview. To understand potential current issues, we firstly
started our research with semi-structured interviews with participants of an existing
field study on the helpfulness of a provided SHEA [27]. The participants were asked, for
example, if the SHEA has helped them to understand their energy behavior better and if
it had led to behavioral changes. Also, they were asked more explicitly about certain fea-
tures within the SHEA, like those in Fig. 3, and their helpfulness. In addition, they were
asked about the interactionwith the SHEA, i.e., why they had (or not had) used the SHEA
and whether it helped them. Second, to broaden the insights on energy behavior beyond
that specific pilot project with few respondents to the general public, we conducted an
online survey with home owners possessing Photovoltaics (PV) panels. We focus on this
particular group (1) because they have invested in energy generation technology and are
therefore more familiar with the subject overall and (2) because owners of PV panels
are often provided with a SHEA by the vendor to track their energy generation and con-
sumption. After screening out participants not fulfilling this criterion and participants
not giving the right answer to an attention check within the survey, we received 408 valid
completed surveys. Participants were asked whether they had access to a web-based or
mobile SHEA to track their energy consumption and generation. Furthermore, we asked
participants about a) the helpfulness of prevalent features, b) their perceived increase in
energy knowledge and behavioral changes since owning a PV system, and c) whether
those perceived changes were linked to using the SHEA. The presented survey results
in this paper are based on participants, who affirmed that a corresponding SHEA was
provided to them. Thirdly, we conducted a literature review in addition to the empirical
research to ensure an inclusion of existing knowledge on SHEA solutions.
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Fig. 2. Connection between energy knowledge/behavioral changes and SHEA usage.

Results: In regard to SHEA usage, the majority of the survey participants stated to use
their SHEA frequently.However,more than 10%of the participants never or almost never
use their provided SHEA. On the contrary, a majority of the interviewed field project
participants stated that they rarely used the SHEA and rather relied on the accompanying
weekly reports that summarized their weekly activities. With our user-centered design
approach, we aim to address those participants that have not been using the SHEA.
Given that a majority of users stated a regular interaction with the SHEA in the survey,
we further investigated the perceived effect on their energy literacy. The two mosaic
plots in Fig. 2 visualize our results of a statistically significant (0.000 significance level
each) dependence between the gain in energy knowledge and the frequency of use of
the SHEA (left), and between behavioral changes and the helpfulness of the provided
SHEA (right). The shadings visualize patterns of deviation from independence. A blue
tile shows that the number of participants within that group is higher than expected
assuming independence of the features, while a red tile would mean that the group is
smaller than expected. The results of the left plot show that the participants, who stated
that they had gained much additional knowledge on their energy behavior since having a
PV system installed have mostly used their SHEA on a daily basis (bottom right corner).
This dependence can still be confirmed on the second level of the expressions with a
lighter shading. In the right mosaic plot, it can be seen that participants stating they
have changed their energy behavior very much mostly affiliate this with the use of their
SHEA (bottom right corner). These findings indicate that a SHEAmight lead to a higher
(perceived) energy literacy and induce behavioral changes. However, the associated
causality remains to be shown.On the contrary, there is a correlation between participants
stating that they have not learned anything since owning a PV system and never having
used their SHEA (upper left corner, left plot). In addition, most participants stating they
had not changed their behavior do not refer this to using the SHEA (upper left corner,
right plot) raising the question of why they do not use a SHEA, yet. In sum, these survey
results point out existing issues, which we address with our DPs. To identify features,
which are relevant to users and help them to increase their level of energy literacy, we
provided the survey participants a list of prevalent features derived from the interviews,
the literature and existing solutions, not claiming completeness. To take into account
that the participating PV owners might have a range of SHEA of various development
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levels, we asked, whether participants had access to such features and whether they find
or would (if they currently did not have access to that feature) find them helpful or not.
With 88% of survey participants finding it helpful, energy consumption (and generation)
history is the most important feature, and therefore needs to be included (see Fig. 3).
This is followed by the current consumption and an overview of costs and revenues.
For example, 80% of the participants have access to the consumption history in their
currently used SHEA and find its usage helpful, 8% of the participants do not have
access to that feature, but would find it helpful, 12% of the participants have access to
that feature in their SHEA, but do not find it helpful, and only 1% of the participants
do not have access to that feature and would not find it helpful. The results of Fig. 3
therefore deliver relevant insights for the derivation of DPs.

Fig. 3. Evaluation of features

Identified Issues and Meta-requirements. The following issues have been identified
throughout the interviews, the survey and the literature review. The interviewees stated
that the login burden was very high (I1), which already led to an early frustration when
needing to find the right login information. In addition, the graphical user interface was
perceived non-intuitive (I2) by the interviewees as some SHEA features were difficult
to find, which led to decreasing interaction with the SHEA over time. The issue of
complicated SHEA handling can also be found in literature [12] and was stated within
the qualitative comment section of the online survey. These issues conflict with the first
level of effective use as they do not grant unimpeded access. The SHEA needs to be
designed in such a way that it has an intuitive GUI in order to be effectively used (MR1).
The interviewees also stated that datawas sometimesmissing or faulty (I3), which iswhy
they did not trust the data. Similar problems were faced in other studies, too [12, 26]. In
the survey, some participants stated that they do not use a SHEAbecause the have privacy
concerns (I4). Therefore, it needs to be ensured that the data is transmitted privately and
correctly (MR2) to fulfill the second level of the effective use theory (representational
fidelity). Furthermore, the interviewees stated that they did not actively use the SHEAdue
to boring or non-intuitive data representations (I5). Self-explaining data visualizations,
with the most relevant information emphasized properly (MR3), are important within
(energy) learning contexts [19] to prevent information overload and make the SHEA
usage interesting and efficient for users. This is confirmed by the survey results. Another
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major issue identified in the interviews, the literature [1, 14, 26] and the survey is the
inattention to users’ characteristics and motivation (I6). Some of the latter stated that
their provided SHEA would not give them any additional information, because they
already feel energy literate enough. Others are only interested in cost reductions and can
therefore gather the relevant information directly from their smartmeter without the need
for using a SHEA. Again, these issues impede representational fidelity as the users do
not receive enough information relevant to them or the information is not presented in an
intuitive way. Therefore, we derive theMR, that data visualizations need to be adjustable
(MR4), so that users can decide on their own, which form of representation they want to
use. Based on that, the SHEA should include user interaction elements (MR5) to actively
engage them. It should also be possible for users to customize features by selecting them
from a list of available features (MR6). As identified within the survey results (see
Fig. 3), it is, for example, important to include an easy to understand and customizable
time-series representation of the energy consumption and generation. Other features are
only important to few users but still provide a benefit to some. Interviewees state that they
missed actively being given feedback after they had made changes within the SHEA or
changed their behavior (I7). This hinders the fulfillment of level three of the effective use
theory (informed action). We therefore derive the MR of incorporating individualized
feedback (MR7) and including information on consequences of behavior (MR8), which
facilitates making informed decisions. Moreover, interviewees complained about non-
transparent processes (I8) and the high complexity of additional explanations (I9), which
can also be found in other cases in the literature [1, 12]. This lack of understanding
leads to a decrease in SHEA interaction and consequently decreases the ability to take
informed action. Therefore, low-complex mechanisms need to be incorporated (MR9),
and understandable explanations shall be used (MR10). This in turn enables users to
understand the underlying concepts and therefore, to take informed actions based on the
provided information.

Fig. 4. Issues, MRs and proposed DPs for a SHEA promoting effective use.
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Suggestion. To address the nine main issues identified, we derive ten preliminary MRs
[17] based on our kernel theory, the effective use theory. From those MRs, we formulate
a preliminary set of six DPs following the approach of Chandra [4] that suggests DPs
should be action andmateriality oriented and therefore “prescribe what an artifact should
enable users to do and how it should be built in order to do so” [p. 4043], see Fig. 4 for
an overview. The set of derived MRs addresses all three levels of effective use. MR1
addresses users’ unimpeded access to the system and therefore, level 1 of the effective use
theory.MR2 -MR6call for data representations,which reflect the underlying represented
domain faithfully and therefore, level 2 of the effective use theory. MR7 -MR10 address
the ability of users to take informed action and therefore, level 3 of the effective use
theory. Due to the fundamental importance of technical aspects, MR1 and MR2 are
translated into oneDP each (DP1 andDP2). For the remaining fourDPs, we can translate
two MRs into one DP, respectively. MR3 and MR4 summarize findings about data
visualizations and therefore, lead to DP3. MR5 and MR6 combine the need of user
interaction elements with the concrete selection of features and are summarized in DP4.
MR7 andMR8 specify the finding that feedback is desired by users, which is reflected in
DP5. Finally, MR9 and MR10 summarize the insights on the importance to reduce the
complexity of underlying processes. Therefore, they are translated into DP6 to enable
users tomake informed decisions based on a deeper understanding of the energy domain.

Development. We argue that a SHEA instantiating our DPs increases energy literacy
and sustainable behavior of its users because these DPs are formulated based on the
rigorous analysis of current issues related to such SHEAs. In the development phase,
those DPs have to be instantiated within the SHEA. In Fig. 5, the derived DPs are linked
to representations from the first prototype version of the artifact. DP1 is instantiated as
a menu tab, which allows for an easy navigation through the most important functions.
For DP3, an exemplary data visualization graph of heat costs with highlighted additional
performance indicators is depicted. DP4 is instantiated as a list of features, which can
be activated via check boxes. For DP5, the prototype shows an example for a direct
feedback stating that the user has accepted a certain recommendation that increases
renewable energy consumption. DP6 is instantiated as an information icon on each
page, which leads to further explanations. DP2 concerns background processes, which
are not explicitly depicted.

Fig. 5. Instantiation of DPs within SHEA prototype
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5 Conclusion and Outlook on Expected Contribution

Improving energy literacy of private households is of central importance for the success
of the energy transition. The IS domain can contribute to this task by developing design
knowledge onSHEAs that help consumers to better understand their energy consumption
and related consequences. Within the introduced DSR project, we aim to contribute a
theory-grounded design theory for a SHEA that allows for effective use. This increases
the users’ energy literacy leading to a more sustainable energy behavior. Throughout the
project, necessary features and data visualizations fostering energy literacy are identified
and incorporated into the SHEA design. For a holistic view, we combine semi-structured
interviews with a structured survey and a literature review to derive meta requirements
and deduct a first set of corresponding design principles. Furthermore, we report on the
corresponding prototype. The resulting DPs enable the design of a SHEA that empowers
users to make more sustainable energy decisions based on their personal circumstances
and current energy behavior. Our research provides insights on how users interact with
existing SHEAs and which features and design elements are perceived positively by
users. The results of this study already inform research and practice and provide valuable
insights on how to design corresponding information systems that contribute to a more
sustainable society. For future research, a focus needs to be set on actually measuring
effective use of our SHEA and establishing a link to energy literacy, including the
development of appropriate measurement scales. Another interesting discussion point
for future work is to take the perspective of possible SHEA providers, such as municipal
utilities, and examine how their goals align with the objective of increasing energy
literacy through SHEAs.
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Abstract. The human safety and cybersecurity track for DESRIST 2022 invites
studies contributing to design knowledge at the intersection of information
systems and security. Two accepted papers offer new solutions to cybersecurity
problems from the perspectives of artificial intelligence and security culture. The
third accepted paper uses design science research to develop a taxonomy for the
emergent problem of malware-as-a-service. While the importance of technical
factors in cybersecurity cannot be minimized, cybersecurity must be holistically
examined to include human (both social and behavioral) factors, as well as other
inter-disciplinary dimensions, such as culture, legal systems, business risk, and
compliance. Consequently, we propose three areas that would benefit from, and
contribute to, using design science research for future cybersecurity research.

Keywords: Design science research ∙ Cybersecurity research

1 Purpose of the Cybersecurity Track

Rapid advancements in connectedness, computational power, and accessibility of
cyberinfrastructures have introduced cybersecurity as a grand challenge in modern
societies. Design Science Research (DSR) is a means of rigorously searching a solution
space and providing artifacts that contribute to understanding and solving cybersecurity
problems. It presents an approach to bolster cybersecurity infrastructures and increase
human safety in society. Securing cyberspace against nation-state or individual
adversaries is a multi-disciplinary research area spanning computational, design sci-
ence, social, and behavioral sciences.

Design science scholars are uniquely positioned to contribute to this area of
research by applying (design) knowledge to examine organizational, social, and
behavioral cybersecurity challenges, as well as developing knowledge by designing
and evaluating novel artifacts to address practical human safety and cybersecurity
concerns. To this end, the “Human Safety and Cybersecurity” track aims to bring
together researchers and practitioners to share, disseminate, and communicate their
novel artifact designed through a DSR lens to improve safety and security in cyber-
space. This track fosters studies that expand the design knowledge base at the



intersection of information systems and security. Research in this area include a broad
variety of studies that develop novel artifacts, methodological knowledge, and/or
theoretical contributions for many topics of interest with high societal impacts.

2 Cybersecurity and DSR: The Future of the Field

From observing the emerging studies in the field and from monitoring promising future
research directions, we anticipate the emergence of more cybersecurity research in, (but
not limited to,) three broad categories. Each of these categories highlight several
important security challenges that require interdisciplinary effort such as in information
systems (IS), computer science/engineering (CS), social and behavioral sciences.

ML/AI-Enabled Cybersecurity

This category includes design artifacts that leverage machine learning and artificial
intelligence (ML/AI) in important tasks such as cyberthreat hunting and risk mitigation,
adversarial attack discovery against cyber defense infrastructures and their mitigation,
automatic vulnerability detection and remediation, malware detection and analysis,
phishing detection and prevention, botnet detection, and intrusion detection. Tackling
research in this category requires contributions from computational fields, such as IS
and CS, to create DSR-enabled artifacts. It also calls for contributions from behavioral
and social fields to understand the motivation of attackers, insider threats, and human
adversaries in conjunction with their utilized attack vectors to operationalize the attack.
Given the rapid advances in this subfield, this category could include the design of
artifacts using AI for core functionality (e.g., security chatbots). Future research in this
area could seek to address the integration of ML/AI approaches with static rule-based
approaches to cybersecurity detection tools from a design science theory perspective.

Unintended Consequences of Systems Design on Human Safety and Cybersecurity

This research category is mainly concerned with understanding the unintended effects
of security systems on humans, both as operators of those systems and as the end users.
With the increasing rate of adopting automated reasoning in cyber defense applications,
and with the increasing complexity of security systems, important concerns are likely to
emerge. These concerns include privacy attacks on ML/AI artifacts, such as data de-
anonymization and differential privacy attacks that can reveal private user data or
sensitive information about organizations or reveal their defense strategies to adver-
saries. Furthermore, investigating the presence of algorithmic biases within DSR-
enabled defense solutions could be another fruitful interdisciplinary research direction.

Mediating the Relationship Between Human and Cybersecurity

This category involves interdisciplinary research that spans from Neuro-IS tools and
methods to understand behavioral information security, to design theorizing for human
and digitalized security. In this category, some promising research areas are around
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cybersecurity failures, systemic analyses of how humans are crucial to either the
success or failure of cybersecurity systems, and design science approaches to security
mitigation techniques. This category also includes UX-DSR aimed at making security
tools and systems easy to use (as in the case of chatbots), both in small and large
enterprises and for the general public. Finally, this category includes design science
research on security training and education programs. Future research directions in this
category could concern themselves with developing theories around the interface
between humans and security systems.
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Abstract. This article examines the relationship between the information system
security culture and the security behaviors of users of the information system
(IS). This research follows the design science in information systems research
guidelines proposed by [43] to conceptualize the IS security culture in its context,
where we propose a model based on Schein’s three-level culture model (1985)
[15], and evaluated at the level of our research context, which is SMEs, through a
qualitative study conductedwith twenty-two users belonging to eight French small
and medium-sized enterprises (SMEs). The results of this study show that there is
a strong relationship between IS security culture and user behaviors related to IS
security, in the sense that a positive security culture is conducive to the creation
of security behaviors.

Keywords: IS security culture · Security-related behaviors · Design science
research

1 Introduction

On the one hand, organizations are investing in the security of their IT infrastructures, and
implementing technicalmeasures, and on the other hand a number of studies have applied
various techniques to motivate employees to adopt secure intentions and behaviors.
Despite these efforts, employees remain the “weak link” in organizational IT security
[1]. So, we find that there are, first and foremost, human behavior issues, where people
lack understanding of the threat and risks.

For [2] organizations face security risks related to their information assets, which
can also come from their own employees. Organizations need to focus on employee
behavior to limit security failures if they wanted to establish an effective security culture.
IS security culture should be considered as part of the IS security program to guide
employee behavior. Such a culture can help protect the IS andminimize the risk posed by
employee behavior [3]. Security researchers have consistently argued that creating an IS
security culture is essential to changing attitudes, perceptions, and instillinggood security
behaviors [3, 4]. For example, [5] show that there is a significant and positive relationship
between decisions that concern information security and information security culture.
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Such that improving an organization’s information security culture will have a positive
influence on employee behaviors, which can mitigate information systems risks.

An interesting number of works address the relationship between IS security culture
and security-related behaviors [5–8]. These studies were carried out in the context of
large companies that have a better maturity in IS security compared to that of smaller
ones. Small andmedium-sized enterprises (SMEs) haveneither thematerial and technical
resources [9] nor the human and financial resources [10] to properly manage their IS
security. Also, SMEs generally do not have procedural policies, nor do they define the
responsibilities of users of their information systems [11]. According to [12] the IS
security culture has serious problems concerning its implementation in SMEs. That’s
why SMEs have many theoretical interests: they have specific features, with regard to
information and communication technologies (ICT) and ICT security, which justify a
better understanding of security issues. Moreover, it seems to us that these issues are
more interesting at the level of SMEs, which leads us to focus our research on this type
of companies, especially with regard to our field.

We study in this paper, the relationship between culture and behavior, how a strong
security culture can lead the IS user to adopt security behaviors such as using strong
passwords that are difficult to retrieve and hard to guess, making regular backups, con-
trolling the dissemination of personal information and company data etc. This leads us
to ask the following questions: What constitutes a security culture? What is the rela-
tionship between IS culture and security-related behaviors of IS users in SME’s? To
answer these questions, we start with Designing Information Security Culture artifacts
based on Design-Science Research (DSR) Guidelines, then we present the results of our
qualitative study carried out within eight SMEs, which aims to enrich our conceptual
model resulting from DSR.

2 Background

According to [13] IS security culture is often explained using a variety of established the-
ories and principles from other research fields. Among these theories, we note the strong
presence of theories related to organizational culture. We cite as an example the research
of [14] which includes Schein’s (1985) [15] cultural model and Hofstede’s (1997) [16]
national cultural framework; both of which come from organizational science.

2.1 Organizational Culture

Organizational culture is defined by [17] as “a pattern of shared basic assumptions that
the group has learned in solving its external and internal adaptation problems.” [15]
made distinctions between three cultural layers, namely artifacts, shared beliefs and
values, and basic assumptions which are presented in the following Fig. 1:
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Fig. 1. Levels of culture (Schein, 1985)

These layers range from the very tangible manifestations that we can see and feel
to the deeply embedded base, to the unconscious assumptions that Schein defines as
the essence of culture. In between these layers are various beliefs, values, norms, and
rules that members use as a way to represent the culture to themselves and to others.
Organizational culture may have different subcultures based on sub-organizations or
functions. For [18] IS security culture is a subculturewith respect to the general functions
of the company. It should support all activities in such a way that IS security becomes
a natural aspect in the daily activities of every employee. Through two case studies
[19], found that organizations with a consistent culture, characterized by employees
who follow a code of practice or ethics, will be able to implement and adopt IS security
policies more easily. Another study by [20] shows that security culture is influenced by
organizational culture, through an in-depth case study within a large organization. And
another more recent study by [21] shows that organizational culture has a strong causal
influence on IS security culture.

2.2 IS Security Culture

Based on the elements that define what an information system is, what culture is and
the definitions proposed in the literature on information security culture, we propose
a definition of IS security culture which is as follows: “Information systems security
culture is the set of visible and invisible manifestations shared by the members of an
organization. These manifestations include assumptions, beliefs, values, artifacts, and
formal and informal practices that influence the actions and behaviors of users regard-
ing the protection of the organization’s information system”. This definition makes it
possible to identify the elements that could be particularly important in describing the
implementation of security practices by the users of an information system. This defini-
tion also provides a different perspective on the relationship between elements of culture
and the security behaviors that are influenced by those elements.

[22] propose a holistic framework of IS security culture with a distinction between
factors that constitute and factors that influence this security culture. This classification
was previously proposed by [23]. They proposed a framework that considers the major
key human factors associated with IS security culture suggested by previous frameworks
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and adds new factors to see the potential linkbetween these factors and IS security culture.
According to these authors, this framework makes it possible both to improve and to
evaluate the security culture. It is composed, on the one hand, of the factors that influence
the IS security culture: management support, security policy, ethics, security education
and training, and risk assessment, and of the factors of organizational behaviors (job
satisfaction, personality traits), and on the other hand, we find the factors that make up
the IS security culture: security awareness, security ownership and security compliance
which we will explain more detailedly in the following lines:

Security ownership: Security ownership refers to how employees perceive their
responsibilities, roles and willingness to act constructively to improve their security per-
formance and that of the organization [23]. Security ownership means when the users
show interest in IS security first, then if they admit that they have a share of responsi-
bility in the security of their company’s IS, starting with their workstation and the data
concerning their scope of responsibility and moving on to a sense of responsibility for
the security of their company’s IS.

Security awareness: Security awareness is when users understand the potential prob-
lems related to IS and become aware of the importance of their role in security. This is
what leads to their commitments on this topic [24]. In this research, we refer to security
awareness as everything that is the knowledge of the securitymeasures taken in the SME,
that is, does the user know the security measures implemented in the company? Then,
the knowledge of the threats which means if the user is aware of the possible threats that
can put the company’s information system in danger, and also, if the user is aware of
how to protect himself or how to handle these security threats.

Security Compliance: According to [24] in an organization where there is a strong
or healthy security culture, compliance would be expected to be a visible feature of
the culture. Compliance is reflected in the staff’s knowledge of security policies and
procedures. The role of security awareness as an antecedent of compliancewas identified
by [25], who found that security awareness influences users’ intentions to comply with
security policies, and for [26] security awareness is associated with user perception of
sanctions (through perceived certainty and perceived severity of sanctions), which in
turn determines user compliance. For example, an employee who takes part in a security
training, or if he has read a security charter or a security policy has compliedwith security.
This compliance may be converted to a security behavior such as the application of
securitymeasures recommended during the training orwritten in the charter, for example
the regular change of passwords, backups, protection of confidential data etc. But if an
employee has complied with security, attended training or read a security policy and
then failed to demonstrate any security behavior, then we are talking about compliance
and not actual security behavior.

If we take Schein’s theory of the three levels of culture (1985) [15], we see that each
factor that constitutes the security culture corresponds to a level of culture proposed by
Schein. Thus, security property corresponds to the basic assumptions, security awareness
corresponds to the shared values and finally, security compliance corresponds to the
artifacts as presented in Fig. 2:
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Fig. 2. Positioning of the factors that constitute the IS security culture on three levels of culture

Relationship Between Basic Assumptions and Security Ownership
For [15], culture as a set of basic assumptions defines for uswhat to pay attention to, what
things mean, how to react emotionally to what is happening, and what actions to take in
various types of situations. We believe that the security property can be placed on the
first culture level ‘Basic Assumptions’, this security property refers to how employees
perceive their responsibilities, roles and willingness to act in a constructive way to
improve their own safety performance and that of the organization [23].

Relationship Between Shared Values and Security Awareness
Security awareness defines when users understand the potential problems related to the
ISS and become aware of the importance of their role in terms of security. This is what
leads to their commitments on this topic [24]. We have located this awareness at the
second level of Shared Values Culture which is all group learning that reflects one’s
beliefs and values, one’s sense of what should be [15].

Relationship Between Artifacts and Security Compliance
On the surface is the artifact level, which includes all the phenomena one sees, hears, and
feels when encountering a new group with an unfamiliar culture. Artifacts also include
the organizational processes bywhich behavior becomes routine, and structural elements
such as charters, formal descriptions of organizational functioning, and organizational
charts. If the observer lives long enough in the group, themeaningof the artifacts becomes
increasingly clear, [15]. Within this level of culture, we located security compliance.
According to [24] in an organization where there is a strong or healthy security culture,
compliance would be expected to be a visible trait of culture. Compliance results in staff
knowledge of security policy and procedures.

Research on IS Security Culture in SMEs: Some research has focused on the study
of safety culture in SMEs [13, 27–33]. Take the example of the study by [29] which
explores the subject of the development of an IS security culture in SMEs and the
national context in which SMEs operate. These authors conducted an interpretative
study based on a literature review, two focus groups, and three case studies in Australian
SMEs. Then, they proposed a holistic framework to foster an IS security culture in
SMEs within a national framework. The study showed that cooperation, collaboration,
knowledge sharing and learning between employees of Australian SMEs is a potentially
interesting activity.
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2.3 Security-Related Behaviors

According to the French National Agency for Information Systems Security (ANSSI),
it is important to adopt good security behavior in companies: using quality passwords
that are difficult to find and difficult to guess, making regular backups, controlling the
dissemination of personal information and company data, etc. [34] proposes a tool that
measures security behaviors in seven focus areas, namely, password management, email
use, internet use, social media use, mobile devices, information processing, and incident
reporting.We are concerned herewith actual behavior, not to be confusedwith behavioral
intention, which is a measure of the strength of intention to perform a specific behavior
depending on attitudes and subjective norms, as distinguished in [35] TRA (Theory of
Reasoned Action) and [36] TBP (Theory of Planned Behavior). In the IS field, effective
security-related behaviors can be, for example, choosing a strong password, regularly
backing up information, regularly running updates and anti-virus software, or locking
one’s office.

Security Related Behaviors in SMEs: Among the works that have sought to under-
stand the behaviors related to the security of actors in SMEs, we cite those of [37].
The main results of his study tell us that personal characteristics are the main driver of
security-related behaviors in SMEs. The six most important factors were personal moti-
vations, maintaining privacy, job motivations, business motivations, habit, and experi-
ence. The limitations of employee security-related behaviors are mainly due to lack of
time, in other words the balance between working time and the time that can be allo-
cated to safety-related behaviors. The limitations are also linked to a lack of information,
awareness, and training, likely caused by time availability issues, and more generally, a
financial resource problem.

2.4 Relationship Between IS Security Culture and Security-Related Behavior

First, according to [38] security behavior refers to a set of basic security activities that
end users must follow in order to maintain the security of the information system, as
defined by the security policy. And according to [17] culture is “a set of structures,
routines, rules, and norms that guide and constrain behavior”. Several authors in the
security field have suggested that creating a security culture will influence employee
security behavior [39–41]. A study by [8] which examined the influence of security
and work relationship factors on employees’ security compliance decisions, showed
that security culture, job satisfaction, and perceived organizational support positively
affect employees’ security compliance intentions. Another study by [5] presents three
aspects of IS security decision making, namely, knowledge of policies and procedures,
attitude toward policies and procedures, and self-reported behavior that were examined
in conjunctionwith organizational factors thatmay increase human cyber vulnerabilities.
Their results from a survey of 500 Australian employees revealed a significant positive
relationship between IS security decision making and IS security culture. This suggests
that improving an organization’s security culture will positively influence employee
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behavior, which in turn should also improve compliance with security policies. This
means that the risk to an organization’s IS and data will be mitigated. And according
to a more recent study conducted by [42] the concept of security culture has also been
found to be significant in influencing security policy compliance behavior.

3 Methodology

We follow the seven guidelines proposed in [43] design science in information sys-
tems research: Design as an Artifact, Problem Relevance, Design Evaluation, Research
Contributions, Research Rigor, Design as a research process, and Communication of
Research. We will present each guideline and how we apply it to our research.

Guideline 1: Design as an Artifact
Perceptions and fit with an organization are critical to the successful development and
implementation of an information system. Equally crucial are the capabilities of con-
structs, models, methods, and instantiations, as well as design science research efforts
needed to create them. Artifacts constructed in design science research are rarely com-
plete information systems that are used in practice. Instead, artifacts are innovations that
define the ideas, practices, technical capabilities, and products through which the analy-
sis, design, implementation, and use of information systems can be achieved effectively
and efficiently [44, 45].

In our case, from the literature, previous research, and the link between Schein’s
model and the components of an IS security culture, we propose a model (Fig. 3) that
conceptualizes the IS security culture and its three artifacts which are: security owner-
ship, security awareness, and security compliance. The application of thismodel together
with the understanding and analysis of its three artifactsmaking up the IS security culture
allow the improvement of security-related behavior.

Fig. 3. Model of the IS security culture, its artifacts and its influence on security-related behavior.
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Guideline 2: Problem Relevance
Behavioral science approaches this goal through the development and justification of
theories explaining or predicting phenomena that occur. Design science approaches this
goal through the construction of innovative artifacts aimed at changing the phenomena
that occur. In our research,we have built amodel composed of IS security culture artifacts
aimed at modifying and improving behaviors towards security behaviors.

Guideline 3: Design Evaluation
Because design is inherently an iterative and incremental activity, the evaluation phase
provides essential feedback to the construction phase as to the quality of the design
process and the design product under development. A design artifact is complete and
effective when it satisfies the requirements and constraints of the problem it was meant
to solve [43]. The utility, quality, and efficacy of a design artifact must be rigorously
demonstrated via well-executed evaluation methods. Design-science research efforts
may begin with simplified conceptualizations and representations of problems. We have
tried to be as rigorous as possible in the presentation and construction of our artifacts,
which we believe simplify the representation of an IS security culture. The evaluation
of designed artifacts typically uses methodologies available in the knowledge base,
for example observational, analytical, and descriptive method etc. In our case we have
carried out qualitative case studies to evaluate our artifacts and our designed model.

Guideline 4: Research Contributions
Effective design-science research must provide clear contributions in the areas of the
design artifact, design construction knowledge (i.e., foundations), and/or design eval-
uation knowledge (i.e., methodologies). The ultimate assessment for any research is,
“What are the new and interesting contributions?” We will detail our contributions and
answer this question in the rest of this work and more precisely in the conclusion.

Guideline 5: Research Rigor
Rigor addresses the way in which research is conducted. Design-science research
requires the application of rigorous methods in both the construction and evaluation
of the designed artifact. In behavioral-science research, rigor is often assessed by adher-
ence to appropriate data collection and analysis techniques. Overemphasis on rigor in
behavioral IS research has often resulted in a corresponding lowering of relevance [46].
At first, we based our work on rigorous previous research in the field of information
security, but secondly, we tried to adopt a field method that is as rigorous as possible,
which will be presented in detail in the next section.

Guideline 6: Design as a Research Process
Design science is inherently iterative. The search for the best or most optimal design
is often intractable for realistic information system problems. Our research presents
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a model to follow which is composed of the artifacts of the IS security culture, and
subsequently allows to improve security behaviors.

Guideline 7: Communication of Research
Design-science research must be presented both to technology-oriented as well as
management-oriented audiences. Although the presentation of this research is intended
for an audience of managers who can adapt the proposed model to improve IS security
behaviors of users, the document also contains important and useful information for an
audience familiar with IT security resources and security protocols.

4 Data Collection

Qualitative research is characterized by an in-depth evaluation of the motivations and
obstacles to the development of an IS security culture. It helps to explain the psycholog-
ical mechanisms that can form the security culture of the user’s IS. Qualitative data thus
highlights the importance of context, people and individual outcomes, and thus provides
a deeper understanding of what is actually happening. This is what clarifies the interest
of such an approach for this research, given that we are trying to understand reality
in depth, as perceived by the actors. Generally, qualitative research is carried out with
significantly smaller groups of respondents than in the case of quantitative research [47]
in order to gather meaningful and in-depth information regarding the different aspects
of the behavior of the interviewed. In addition, in this research, our first objective is to
verify and test the quality of our model and its artifacts, as opposed to quantitatively
testing and generalizing our model, which will happen at a later stage.

In order to confront our theoretical frame and our designed model with the field, we
adopted a qualitative researchmethod through semi-directive interviewswith 22 IS users
in 8 French SMEs. The interviews lasted on average 25 min per person. Each interview
was recorded after obtaining permission from the interviewee. Then, each interview was
transcribed in order to be able to draw a larger part of the “discussion”. We used the
Nvivo software to code and analyze our results, which will be presented in the following
section.

5 Case Study: Evaluation in SMEs

In order to classify users and estimate their security culture levels, we have gone through
the three topics that represent the factors making up security culture: security owner-
ship, security awareness, and security compliance. Each theme is divided into several
subtopics that will be presented below:

Security Ownership
For this theme, we used the following subtopics: interest in safety, responsibility for
safety, and who is responsible for safety? Each sub-theme is composed of several ques-
tions from the interview guide. We present in Table 1 an example of a sub-theme which
is the interest in security expressed by the respondents with the categories of answers,
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Table 1. Interest expressed by users in IS security

the number of respondents in each category, and examples of verbatims expressed by
the respondents.

Security Awareness
Security awareness is composed of the following sub-topics: knowledge of measures
taken, knowledge of other types of threats and how to protect oneself against IS security
risks and threats. Table 2 represents the sub-topic “knowledge of other types of threats”.

Table 2. Knowledge of the types of threats and potential risks related to IS security

Security Compliance
For the compliance sub-theme, we considered the aspect of training, whether the users
had had ISS related training, or not. Among all the users, 3 of them belonging to com-
pany A (Jennyfer, Pierre, Catherine) have received security training. Only one user
from company B (Marie-Laure) has received RGPD training that we consider related to
information security.

Estimation of the Security Culture of Each User
We will estimate the level of security culture of the users through the matrices by refer-
ring to our interview guide and more precisely, the questions that concern the security
culture consisting of: security ownership, awareness and compliance. After assessing
the security culture of each participant, we classified these users into three levels: Level
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1: Low level of security culture (5 users), Level 2: Medium level of security culture (10
users), Level 3: High level of security culture (7 users).

Security-Related Behaviors Performed by Users
In this element, we will estimate the level of security-related behaviors such as the
frequency of password changes, the strength of the chosen passwords as well as the
backup of data by the users. After evaluating the security behaviors of each user, we
will classify them into three levels: Level 1: Low security behaviors (8 users), Level 2:
Medium security behaviors (8 users), Level 3: Strong security behaviors (6 users). 17
users out of 22 (77%) keep the same level in security culture as in security behaviors,
those who have a strong level in security culture (ownership, awareness and compliance)
remain on level 3 (strong) in the classification of security behaviors (password policy,
backups), those who have an average level in culture keep an average level in behaviors,
and finally, those who are classified at a low level of security culture also have a low
level of security behaviors. For other users who have a single level difference between
their culture and their behavior, these changes in level may be due to other factors such
as the age or position of the user.

6 Discussion

Our results are consistent with the study by [5] which shows that SSI culture has a signifi-
cant influence on employees’ attitudes toward security policy and procedures. The study
by [48] which examines the relationship between CSSI and security behavior. Although
they did not focus solely on the effect of the SSI culture construct on safety behavior,
their findings provided more comprehensive results on the relationship between safety
culture and employee safety behavior compared to other studies. Specifically, they found
that security culture had a significant effect on attitude and normative belief in social
engineering resistance. Another study by [49] shows the influence of organizational cul-
ture, countermeasures, and security procedures on employees’ security behaviors. Their
study shows that the deterrent effect of procedural security countermeasures increases
ISS awareness. This awareness, in turn, tends to prevent malicious actions by employ-
ees and encourages secure behaviors. A more recent study by [21] show the significant
influence of IS security culture on user security compliance behaviors. Our results add
to these studies to show the importance of a security culture that results from several fac-
tors, including executive security awareness, training and awareness etc., in influencing
security behaviors.

7 Conclusion and Further Work

This paper presents an application of design science in IS security research, following
guidelines proposed by [43]. We conduct a qualitative study in the field of IS security
carried out in eight French SMEs by integrating 22 IS end-users, with the following
objective: Verifying our model and its artifacts in the context of SMEs which suffer
the most from IS user security behavior problems. We designed this model to present
the artifacts of an IS security culture and how it can improve security behaviors. The
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results of our study show that most of the users interviewed have the same level in
security culture as in security behaviors. Those who have a strong level in security
culture remain on level 3 (Strong) in the classification of security behaviors, and vice
versa. This allows us to assert that a positive security culture of an IS user is favorable to
create security-related behavior such as regular password change, backup, and regular
updates. The great contribution of this research is that it proposes a model that simplifies
the components of an IS security culture and its relationship with security behaviors.
On the theoretical level, our research shows that SMEs, despite their modest means
compared to large companies, can set up training and awareness-raising actions on IS
security within the SME, intended for users of the company’s IS. These actions must be
adapted to the context of the SME,with a simple and inexpensive approach.Nevertheless,
our research has its limits regarding the generalization of the data and the model that
we have designed. This is why our next step is to test our model on a larger sample of
SMEs, with more participants.
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Abstract. The environment in which Design Science Research (DSR) is con-
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1 Introduction to the Track

Design Science Research (DSR) Methods and Processes (as well as Tools and Tech-
niques) guide DSR researchers in planning and conducting DSR. The Emerging DSR
Methods and Processes track seeks contributions that would stimulate scholars to
critically reflect on the scholarship, paradigms, methods, and fundamental assumptions
in DSR.

The focus on emergence is appropriate because the environment in which DSR is
conducted is constantly changing. The world and consequently research about it
(behavioral and organizational research) and creating new purposeful artifacts that
impact on it (design science research) is becoming more and more interdisciplinary.
Purposeful artifacts are becoming more complex and design science is becoming
actively applied in more and more disciplines. The purposeful artifacts that have
previously been designed, developed and adopted into practice become part of the
milieu and change the nature of the world, with benefits and possibly causing new
problems. Moreover, new problems inevitably come to the fore regardless of the
success or failure of any particular designed artifact. The research environment itself



changes, with increasing transdisciplinarity (the theme of this conference), new
emphases on different areas, such as sustainability, new and emerging enabling tech-
nologies, such as blockchain and artificial intelligence, new explanatory knowledge
that enables new purposeful artifacts, new forms of funding and collaborating on
research, and new methodological tools and practices. Together, these all inspire the
need and potential for improved DSR methods and processes.

Against this background, the track particularly seeks research on philosophy,
methods, processes, tools, and techniques that address the theme of the conference –

The Transdisciplinary Reach of Design Science Research. Because all applied disci-
plines undertake DSR in some form (although they may not use the term DSR), there
are many ripe opportunities for considering how DSR in Information Systems and
Technology fits and integrates with DSR in other disciplines, as well as how DSR
practices in other applied disciplines (or Sciences of the Artificial) can contribute to
methodological practices in DSR in IS and IT.

The track encourages both conceptual and empirical study submissions that
advance our understanding and facilitate improvement of DSR methods and processes.
Conceptual studies could concern foundations of DSR including paradigms, ontolo-
gies, epistemologies, ethics, the nature of artefacts and human purposes, etc., where
such conceptualizations advance our knowledge about design science methods and
practice. Empirical studies can contribute evidence concerning the strengths, weak-
nesses, requirements, efficacy, effectiveness, efficiency, and/or ethicality of existing and
emerging DSR methods and processes, particularly in transdisciplinary contexts.

2 Main Directions of Track Papers

The track received a good number of submissions and accepted six papers. The papers
in the track fall in two clusters. The first cluster concerns the nature and development of
design knowledge as the outcome of DSR. This has long been an important topic in
DSR and is particularly relevant with the relatively recent focus on Design Knowledge
Accumulation [2]. The second cluster concerns DSR methods for particular purposes or
contexts, building on the trend in more specialized DSR methodologies, e.g. [1].
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Abstract. Solving real-world problems with innovative and novel artifacts is at
the core of design science research (DSR). Given DSR’s emphasis on a strong
connection to the real-world, artifacts for solving a particular problem may not
only be described in extant literature, but also exist in practice. This is particularly
the case for software artifacts. Therefore, DSR scholars need to explore the state
of the art and demonstrate the novelty of their software artifact relative to existing
artifacts in research and practice. However, while methodological guidance for
conducting literature reviews is abundant, there is little guidance on how to review
software artifacts from practice. This paper takes a first step toward addressing
this gap by proposing and illustrating a seven-step method for reviewing software
artifacts from practice. Our research provides actionable guidance for DSR schol-
ars on how to support the claim that their software artifact constitutes a substantial
contribution to knowledge.

Keywords: Design science research · Software artifact · Practice · Review ·
Method

1 Introduction

Design science research (DSR) aims to solve real-world problems with innovative and
novel artifacts [1]. Consequently, artifacts play a key role in conducting DSR in informa-
tion systems (IS) and often the contribution of a DSR project is the artifact itself [1]. In
order to claim a substantial contribution to knowledge, researchers need to demonstrate
their artifact’s novelty, generality, and significance [1, 2]. Novelty is particularly impor-
tant because the “artifact must be innovative, solving a heretofore unsolved problem or
solving a known problem in a more effective or efficient manner” [1, p. 82]. Therefore,
novelty is often the key difference between artifacts developed in DSR and artifacts
developed by professional designers who use established design knowledge (e.g., “best
practice” artifacts) to solve familiar problems in a routine way [2].

Against this backdrop, a fundamental step in any DSR project is to survey prior
literature to identify “any prior design theory/knowledge relating to the class of problems
to be addressed, including artifacts that have already been developed to solve similar
problems” [2, p. 349]. Gregor and Hevner [2] emphasize that “if this survey is not done
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carefully, the developed artifact risks not being really new and it will not be possible to
demonstrate an unquestioned claim to a contribution to knowledge” (p. 349). Thankfully,
there is extant methodological guidance [e.g., 3–5] and tool support [e.g., 6] that can
assist scholars in conducting literature reviews to identify, analyze, and synthesize the
content of the literature. Subsequently, the findings from the literature can be used to
“provide a baseline of knowledge on which to evaluate the novelty of new artifacts and
knowledge resulting from the research” [2, p. 343].

However, DSR’s strong focus on solving real-world problems rather than problems
without practical relevance suggests that practitioners themselves may also create arti-
facts to address those problems. This is particularly the case for instantiations in the
form of software artifacts in areas in which the fast-moving tech industry is ahead of
academia [7]. For example, due to the resources needed to train and deploy large-scale
natural language models such as GPT-3, innovative software artifacts in this area are
often developed by big tech companies [8]. Therefore, it is likely that not all innovative
software artifacts can be found in a literature review. However, since they already exist
in practice, it seems important to also include them in the baseline of knowledge on
which to evaluate the novelty of a software artifact developed in a DSR project. Other-
wise, the designed artifact may be able to successfully demonstrate its novelty relative
to literature, but risks not being really new compared to the state of the art in practice.

While methodological guidance for conducting literature reviews is abundant, there
is little guidance on how to review software artifacts from practice in a systematic way.
Recently, Chandra Kruse et al. [9] proposed a novel approach for analyzing existing real-
world artifacts based on archaeological approaches to identify specific design features
and understand underlying design decisions. However, similar to how the literature
review process includes not only the analysis of a particular study but also tasks such
as searching the literature and screening potential studies [10], the process of reviewing
software artifacts from practice should also extend beyond the analysis of a particular
artifact and consider other important tasks related to the identification and selection of
a set of relevant software artifacts. At the same time, there are excellent examples in the
literature in which the authors conducted a review of software artifacts from practice as
part of their work [e.g., 11, 12]. For instance, Spohrer et al. [11] systematically reviewed
more than 100 mobile health apps in the context of their DSR project to show that few
existing apps focus on alleviating stress with progressive muscle relaxation. However,
since these examples are limited to a particular case, it might be difficult to generalize
their approach to other classes of artifacts. Hence, there is a lack of methodological
guidance on how to review software artifacts from practice in a systematic way.

Therefore, the objective of this paper is to take a first step toward a method for
reviewing software artifacts that are not described in extant literature but exist in prac-
tice. Drawing on the framework of generic steps in the literature review process [10], we
propose a seven-step method for conducting reviews of software artifacts from practice.
Subsequently, we explain how we have applied it in our own review of public crisis
response dashboards that initially motivated this research effort. In addition, we demon-
strate its broader applicability with another illustrative case [11]. Finally, we also discuss
the challenges that occur when reviewing software artifacts from practice. In sum, we
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believe that our method can assist other DSR scholars in overcoming key difficulties
when reviewing software artifacts from practice.

2 Conceptual and Methodological Foundations

2.1 Software Artifacts in Research and Practice

Artifacts play a central role in DSR since the goal of any DSR project is to produce an
artifact to solve a real-world problem [1]. DSR artifacts can be broadly distinguished
into four categories with different levels of abstraction: constructs, models, methods,
and instantiations [1, 2]. Instantiations in the form of IT artifacts can be understood as
“bundles ofmaterial and cultural properties packaged in some socially recognizable form
such as hardware and/or software” [13, p. 121]. In this paper, we focus on instantiations
in the form of software that are often developed for a specific design problem at hand
[2]. We refer to this category of DSR artifacts as “software artifacts”.

With some exceptions [e.g., 14], software artifacts developed in DSR are rarely
full-grown IS that are used in practice [1]. DSR scholars primarily seek to contribute
new design knowledge to the knowledge base rather than applying existing knowledge
to solve a familiar problem in a routine way [2]. However, many innovative software
artifacts exist in practice, particularly in areas in which the fast-moving tech industry is
ahead of academia [7]. In contrast to research software artifacts that are targeted for the
scientific community and usually described in a research paper, software artifacts from
practice are targeted for professionals and used in environments outside academia [1, 15].
Given that such software artifacts are usually not documented in the research literature
and therefore more difficult to identify and review than research software artifacts, we
specifically focus on the process of reviewing software artifacts from practice.

2.2 Literature Review Process

A review of prior, relevant literature is essential in any type of research to create a solid
foundation for advancing knowledge [3]. Over the years, a set of established guidelines
has been proposed on how to review the literature in a systematic and rigorous way [e.g.,
3–5]. Moreover, tools can support the literature review process [e.g., 6]. While literature
reviews may differ from one type to another (e.g., narrative review, meta-analysis), there
is general agreement on the existence of six generic steps in the review process [10].
According to Templier and Paré [10], these steps are:

1. Problem formulation: Justifying the need for the review, identifying the review’smain
objectives, and articulating research questions; Defining the concepts or variables at
the heart of the review.

2. Literature search: Searching the literature and making decisions about the suitability
of material to be considered in the review.

3. Screening for inclusion: Evaluating the applicability of the identified material;
Screening potential studies for relevance based on predetermined rules or criteria.

4. Quality assessment: Assessing the scientific quality of the selected studies in terms
of the rigor of research design and methods.
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5. Data extraction: Extracting applicable information fromeach primary study included
in the sample and deciding what is relevant to the problem of interest.

6. Data analysis and synthesis: Collating, summarizing, aggregating, organizing, and
comparing the evidence extracted from the studies; Presenting the findings.

Although these steps are in sequential order, a literature review is an iterative process
and many activities can be initiated during the planning stage and refined later [10].

3 A Method for Reviewing Software Artifacts from Practice

This research effort was initially motivated by our own DSR project. In this project,
we designed and evaluated a conversational dashboard for the COVID-19 pandemic to
improve less tech-savvyuser’s interactionwith the dashboard and enhance their effective-
ness and efficiency in finding the information they need [16]. In the course of publishing
our DSR project, we were asked by reviewers to not only demonstrate the novelty of
our dashboard artifact relative to dashboards described in the literature, but also to show
that its features are novel compared to existing public crisis response dashboards used
in practice (e.g., the Johns Hopkins University COVID-19 dashboard [17]). While the
first task was relatively straightforward due to the range of established literature review
methods, the second task turned out to be a challenge, particularly because there was
no suitable method for reviewing software artifacts from practice in the extant literature.
Although we found a useful approach for analyzing the design of a particular software
artifact [9] as well as several papers in which a review of a class of software artifactswas
conducted [e.g., 11, 12], there was no end-to-end method that we could readily apply
to systematically review existing public crisis response dashboards and demonstrate the
novelty of our own dashboard.

Based on this observation, we started our research effort by exploring established
methods for reviewing the literature with the aim of finding a set of steps that could
also guide us in our review of software artifacts from practice. Although we did not
find a method that perfectly fit our objective, the six generic steps of the review process
proposed by Templier and Paré [10] offered a good starting point. These steps were
synthesized from different types of literature reviews [10] and have been used as a
foundation in the recent work of Wagner et al. [6] on the use of artificial intelligence
in literature reviews. Therefore, in our review of public crisis response dashboards, our
goal was to find a way to translate each of these steps to the review of software artifacts
from practice by identifying similar or equivalent activities and criteria. Additionally,
we assessed whether any additional steps were needed during our review. In Table 1,
we present an overview of the seven steps we took. Although they are presented in
sequential order, there is no expectation that researchers would always actually proceed
in that order. Moreover, it should be noted that not every DSR project may require a
review of software artifacts. While it could save DSR scholars from potential frustration
down the road when they find out that an artifact—similar to the one that they are
currently developing—already exists in practice, conducting the review also requires
time and effort that could be spent on other important DSR activities (e.g., developing
the artifact).
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In the following, we describe each step of our method, highlight its similarities or
differences with its corresponding step in the literature review process, and explain how
we applied it in our own review of public crisis response dashboards.

Table 1. A method for reviewing software artifacts from practice and its application in our own
work

Step General description Application in our Review

1 Problem formulation Determining the review’s main
objectives with respect to
software artifacts in the problem
or solution space [18]; Defining
the artifact’s characteristics,
properties, or features at the heart
of the review; Defining the scope
or boundaries of the review

• Main objective: Demonstrate
the novelty of our dashboard
artifact relative to existing
public crisis response
dashboards in practice
(=solution space)

• Relevant artifact features: (1)
supported interaction modalities
(e.g., GUI) and (2) and learning
or support features (e.g., help
buttons, tooltips)

• Further information on the
provider of the dashboard,
target users, and crisis context

2 Software artifact search Searching for potentially relevant
artifacts (e.g., via the Internet, in
major app stores, or by contacting
experts) and making decisions
about their suitability to be
considered in the review

• Two search strategies: (1)
Extraction of links from reviews
of COVID-19 dashboards in
medicine journals and (2)
Multiple keyword searches on
Google and Bing combining the
term “dashboard” with a term
for a crisis (e.g., “wildfire”,
“flood”) and screening the first
ten pages of results

• Links to 43 public crisis
response dashboards were
bookmarked

3 Screening for inclusion Screening software artifacts based
on predetermined rules or criteria
to determine their relevance (e.g.,
include artifacts only when they
focus on relevant stakeholders,
needs, goals, and requirements
[19])

• Two key inclusion criteria: (1)
the dashboard should target the
general public and (2) is
designed to address the needs of
average users who want to find
real-time information in times
of crisis

• This stage of the review
narrowed down the data set to
28 dashboards

(continued)
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Table 1. (continued)

Step General description Application in our Review

4 Quality assessment Assessing the quality of the
selected artifacts, not in terms of
scientific quality but rather in
terms of practical relevance (e.g.,
development stage, user feedback,
dissemination among users and
developers)

• Quality assessment was
conducted by analyzing the data
visualizations of each
dashboard, testing its main
functionalities (e.g., filters,
drill-downs), and checking the
date of the last update of data in
the dashboard. Dashboards were
removed when they had not
been updated for over a year and
their main functionalities were
not working properly

• Five dashboards were removed,
resulting in a final set of 23
dashboards

5 Data extraction Extracting applicable information
from each artifact (e.g., by
engaging with and trying out the
artifact) and deciding what is
relevant to the problem of interest

• To extract general information
(e.g., provider, type of crisis)
and information about relevant
design features, all 23
dashboards were carefully
inspected, their websites were
examined, and supporting
documents were read

• The extracted information was
stored in a large spreadsheet

6 Documentation and archiving Documenting, storing, and
archiving the artifact itself (to the
extent possible) and any related
material that was used as a source
of information in the review

• For each dashboard, interactive
snapshots of its web pages were
taken using the archiving site
archive.today at the time of data
extraction (for an example, see:
https://archive.ph/UfssR)

• Additional screenshots were
taken for all relevant design
features of the dashboard

7 Data analysis and synthesis Collating, summarizing,
aggregating, organizing, and
comparing the evidence extracted
from the included artifacts;
Presenting the findings in a
meaningful way

• The extracted information was
coded and analyzed iteratively
in order compare and aggregate
design features identified in the
dashboards

• Results were compiled into a
large table that lists all reviewed
dashboards based on nine
dimensions (e.g., provider, type
of crisis, design features)

https://archive.ph/UfssR
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Step 1: Problem Formulation
Similar to a literature review, the first step in a review of software artifacts from practice
is to determine its main objectives and define the artifact’s characteristics, properties, or
features at the heart of the review. Given that software artifacts contain design knowledge
that links a certain solution space to a certain problem space [18], a review of software
artifacts from practice can be motivated by one of at least two objectives corresponding
to these components. First, software artifacts could be reviewed to better understand the
space of all possible solutions to a particular problem (i.e., solution space). In many
cases, software artifacts may exist in practice that could be considered the baseline for
any new artifact. Second, software artifacts could be reviewed to better understand the
problem space. Although there may be problems and problem classes that do not involve
any existing artifacts, the centrality of information technology in IS research [13] makes
it likely that many problems that DSR scholars aim to solve relate to software artifacts in
someway. In such a case, reviewing existing software artifacts frompracticemay provide
a valuable source of information to explore and define the problem space. Regardless
of the objective, the second key activity is to define what characteristics, properties, or
features are to be analyzed in the review. This could, for example, include implemented
design features [cf. 9], success metrics (e.g., product revenue, app store rating), or target
users of the artifact. Finally, due to the complexity and diversity of software artifacts
in practice, DSR scholars should also define the scope and boundaries of the review by
specifying the class of artifacts they are interested in.

As our review was motivated by the need to demonstrate the novelty of our dash-
board artifact relative to existing public crisis response dashboards used in practice,
its main objective was to better understand the solution space—that is, which public
crisis response dashboards already exist and how are they designed. To avoid being
too narrow-scoped, we not only considered COVID-19 dashboards, but also dashboards
designed for other types of crises (e.g., wildfires, floods). To investigate the novelty of
our dashboard’s design features, we focused the review on similar or related design fea-
tures: (1) supported interaction modalities (e.g., GUI, natural language) and (2) learning
or support features (e.g., help buttons, tooltips). In addition, we were interested in the
dashboard provider (e.g., government, health organization), its target users (e.g., general
public, emergency response team), and its crisis context (e.g., pandemic, wildfire).

Step 2: Software Artifact Search
In this step, DSR scholars need to construct an initial sample of potentially relevant
software artifacts from practice by applying different search methods. Similar to lit-
erature reviews, scholars can aim at a coverage that is comprehensive, representative,
pivotal, or selective [20]. For literature reviews, Templier and Paré [10] recommend
using multiple search strategies (e.g., academic database search, backward and forward
searches) and multiple data sources (e.g., journal articles, conference proceedings). A
similar broad approach should be taken to search for software artifacts that are used
in practice, however with different search strategies and very different data sources.
While there are widely-accepted databases for scientific publications (e.g., EBSCO-
host, IEEE Xplore), this is arguably not the case for software artifacts used in practice,
thus posing a challenge for replicability and transparency. However, for many classes
of artifacts, valid alternatives are available that allow searching for mobile apps (e.g.,
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Apple’s App Store, Google Play Store), desktop software (e.g., Microsoft Store, Mac
App Store), web applications (e.g., GetApp; https://www.getapp.com/), and open-source
software projects (e.g., GitHub, Launchpad). Another alternative is to conduct a key-
word search on search engines (e.g., Google, Bing, Yahoo) and platforms for business
software reviews (e.g., Capterra, Software Advice). While this approach is somewhat
similar to querying an academic database, it is important to note that search results can
vary even when using the same exact keywords because search engines also take into
account other information such as the type of device and the location. An important final
step in a literature review is to conduct a forward and backward search [3]. Similarly,
there are websites for finding alternatives to a particular software artifact (e.g., Alter-
nativeTo; https://alternativeto.net/) and for competitor analysis (e.g., https://craft.co/).
Additionally, contacting practitioners (e.g., industry experts, software developers) and
joining online communities (e.g., on the Reddit platform) offer opportunities to get
first-hand information on the relevant class of software artifacts. Finally, the software
artifacts identified during the search need to be collected for the next step. Instead of
downloading the paper, scholars need to install the software artifact itself (e.g., mobile
or desktop app), if possible, or bookmark a link to each possibly relevant artifact (e.g.,
web app).

Amajor challenge in our reviewof existing public crisis response dashboardswas that
there was no central database or platform available to conduct the search. To construct
our initial sample, we therefore used two search strategies. First, we identified several
recently published standalone reviews of COVID-19 dashboards in medicine journals
[e.g., 21], from which we extracted links to public COVID-19 dashboards. Additionally,
to identify dashboards for other types of crises, we used a keyword search on Google
and Bing. More specifically, we conducted multiple searches by combining the term
“dashboard” with a term for a crisis (e.g., “wildfire”, “flood”) using a Boolean AND.We
also experimented with synonyms for the term dashboard (e.g., “map”), but the resulting
hits were either duplicates or irrelevant. Given that we aimed for a representative rather
than comprehensive coverage of public crisis response dashboards, we decided to screen
the first ten pages of results for each keyword search and clicked on links that appeared to
lead to a dashboard. When we identified a relevant result, we bookmarked the dashboard
website. This step led to the identification of 43 dashboards.

Step 3: Screening for Inclusion
After identifying a set of potentially relevant software artifacts from practice, DSR
scholars need to screen them to determine their relevance. This step is similar to that of a
literature review, in which a set of predetermined criteria is used as a basis for including
or excluding studies [10]. Typical criteria in a literature review relate to a study’s focus
on a certain theory, domain, or level of analysis. A similar approach, albeit with different
criteria, should be used to separate the relevant software artifacts from the irrelevant ones.
One strategy is to adopt the criteria from Maedche et al.’s [19] conceptualization of the
problem space to include software artifacts only when they focus on those stakeholders,
needs, goals, and requirements that are relevant in the context of the current DSR project.

Following this approach, in our review of public crisis response dashboards, we
adopted two key inclusion criteria. First, the dashboard should be designed for the
general public (i.e., stakeholders). This allowed us to exclude dashboards that primarily

https://www.getapp.com/
https://alternativeto.net/
https://craft.co/
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targeted emergency response teams or domain experts (e.g., physicians). Second, the
dashboard should be designed to address the needs of average users who want to find
real-time information in times of crisis. This enabled us to exclude dashboards that were
primarily designed to provide a historical overview of past crises. This stage of the
review narrowed down the data set to 28 dashboards.

Step 4: Quality Assessment
The next step is to assess the quality of the selected software artifacts. The quality
assessment in a review of software artifacts from practice differs considerably from
that in a literature review. In a literature review, this step would focus on the scientific
quality of the selected studies (e.g., rigor of research design andmethods) [10]. However,
scientific quality would not be an appropriate basis for judging the quality of a software
artifact from practice. Most importantly, the main goal of practitioners is to solve a real-
world problemusing a software artifact, but not to rigorously apply researchmethods and
reflect on the designed artifact from a theoretical perspective [2]. Therefore, different
quality dimensions are needed to assess software artifacts from practice. Given the
strong connection between rigor and relevance in DSR [1], one strategy is to focus on
the artifact’s practical relevance rather than its scientific rigor. Observable indicators
of the practical relevance of a software artifact include its development stage (e.g.,
mockup vs. fully-functional application), user feedback (e.g., rating in the app store), and
dissemination among users or developers (e.g., number of forks of a GitHub repository).

Since no such information was available in our review of public crisis response
dashboards, we conducted the quality assessment by analyzing the data visualizations
of eachdashboard, testing itsmain functionalities (e.g., filters, drill-downs), and checking
the date of the last update of data in the dashboard. Our reasoning was that a dashboard
can have only limited practical relevance when it has not been updated for over a year
and its main functionalities are not working properly. As a result, five dashboards were
removed, which resulted in a final set of 23 dashboards.

Step 5: Data Extraction
After determining the final set of software artifacts included in the review, the next step is
to extract applicable information from each artifact and collect this data in an organized
way (e.g., in a spreadsheet). While the fundamental idea is similar to that of a literature
review, the actual approach is rather different. In a literature review, researchers would
primarily focus on identifying fragments of qualitative and quantitative data in the body
of the paper [6]. While some software artifacts that are used in practice may come with a
documentation in textual or graphical form (e.g., company presentations, product videos,
online tutorials), the primary focus of the review should be the artifact itself. Therefore,
an essential activity in this step is to actively engage with, try out, and scrutinize the
software artifact to the extent possible. Additional information can then be extracted
from publicly accessible secondary sources (e.g., user reviews, news articles) and by
contacting practitioners that were or still are involved in the design of the artifact (e.g.,
software developers, product managers).

In our review of public crisis response dashboards, we carefully inspected each
of the 23 dashboards, examined the websites on which they were deployed, and read
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supporting documents (e.g., newspaper articles). During this process, we extracted gen-
eral information (e.g., dashboard provider, type of crisis) and information about the
supported interaction modalities (e.g., GUI, natural language) and implemented design
features related to learning or support (e.g., help buttons, tooltips). We then stored all in
information in a large spreadsheet.

Step 6: Documentation and Archiving
A crucial step in the process of reviewing software artifacts from practice is to document,
store, and archive the artifact itself (to the extent possible) and any related material that
was used to extract information for the subsequent analysis. This is not a typical activity
in the literature review process [10], simply because all studies included in the review
will persist over time since they are published in a journal or in conference proceedings.
Hence, any researcher who is interested in a particular study, may look up the paper to
verify the results reported in the literature review. However, this is much more difficult
when it comes to software artifacts from practice because (1) not all of them might be
publicly accessible, (2) some may require up-front payments, and (3) they are likely to
change over time or even disappear. Given the research transparencymovement in IS and
other fields of research [22], this step is becoming increasingly important in DSR as well
[23]. One solution would be to follow Lukyanenko and Parsons’ [23] recommendation
of storing all relevant material in a repository (e.g., by the Open Science Framework) that
can be accessed by reviewers and prospective readers of theDSRpaper. Relevantmaterial
includes the artifact itself in the form of source code (if open source) or application files
(e.g., apk-files of Android apps), links to the artifact, interactive snapshots of all web
pages (e.g., using archive sites such as archive.today), screenshots of important features,
and additional documents (e.g., manuals, news articles).

In our review of public crisis response dashboards, we were unable to download
the software artifacts because they were web applications and the source code was not
provided. Instead, we took interactive snapshots of the dashboard’s web pages using the
archiving site archive.today at the time of data extraction (for examples, see: https://
archive.ph/UfssR or https://archive.ph/MnpqD). In addition, we took screenshots of all
relevant design features of the dashboard.

Step 7: Data Analysis and Synthesis
The final step in the process of reviewing software artifacts from practice is similar to
that of a literature review. In this step, researchers need to collate, summarise, aggre-
gate, organize, and compare the evidence extracted from the artifacts and present their
findings in a meaningful way (e.g., in tabular form) [10]. Depending on the review’s
main objective, this step can take various forms. If the objective is to better understand
problems surrounding an existing class of software artifacts, researchers could follow
the design archaeology approach proposed by Chandra Kruse et al. [9] by taking differ-
ent viewpoints (e.g., designer vs. user), examining functional and symbolic properties
of the artifact, and exploring both intended and unintended consequences. Researchers
could also rely on established methods and techniques (e.g., Grounded Theory method)
for the analysis of the extracted evidence. Finally, the findings should be presented in
a meaningful way, for example using a matrix that aggregates and organizes artifact
characteristics, properties, or features rather than concepts in the literature [3].

https://archive.ph/UfssR
https://archive.ph/MnpqD
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Since the objective of our review was to demonstrate the novelty of our dashboard
relative to existing public crisis response dashboards, we focused our analysis on the
design features that were at the core of the knowledge contribution in our DSR project.
Therefore, we iteratively coded and analyzed the extracted information about the dash-
boards to compare our new features (i.e., natural language-based interaction, interactive
guided tour) with similar features implemented in existing dashboards in practice. In
addition, we analyzed general functional features (i.e., what actions were possible in
a dashboard: selecting, filtering, drill-downs, etc.) and visual features (i.e., what kind
of data visualizations were used: maps, KPIs, line charts, etc.). We then compiled the
results into a large table that listed all reviewed dashboards and their features. Based on
our results, we were able to show that existing public crisis response dashboards had
focused on graphical rather than conversational user interfaces as their main interaction
modality and that most learning and support features were simple help buttons or tool
tips rather than an interactive guided tour, demonstrating the novelty of our artifact.

4 Demonstrating the Applicability of the Method

To demonstrate the broader applicability of our method for reviewing software artifacts
from practice, we provide a proof-of-concept demonstration of its applicability with
an illustrative case. The illustration is taken from a DSR project conducted by Spohrer
et al. [11] that investigated how combinations of different behavior change techniques
within one mobile health app influence users’ app use. Drawing on theories of pro-
tection motivation and social upward comparison, the authors designed and evaluated
four prototypes of a mobile health app for stress alleviation. Their findings show that
while design features of protection motivation and social upward comparison theory in
isolation have positive effects on use, their combination negatively impacts use. As part
of their work, the authors conducted a review of existing mobile health apps for stress
alleviation. Due to the great level of detail provided in the paper’s appendix, we selected
it as an example to instantiate our method within the context of their work (Table 2).

Table 2. Example of reviewing mobile health apps for stress alleviation

Step Extracted from Spohrer et al. [11, Appendix F]

1 Problem formulation The paper does not explicitly mention the review’s objective. However,
based on the discussion in the paper (p. 528), the main objective seems
to be to show that there are only very few mobile health apps that
implement progressive muscle relaxation exercises for stress alleviation
(i.e., better understanding the solution space). At the heart of the review
were design features of protection motivation and social upward
comparison theory (e.g., push messages, performance visibility page)
and implemented methods of stress alleviation (e.g., breathing
exercises, meditation)

(continued)
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Table 2. (continued)

Step Extracted from Spohrer et al. [11, Appendix F]

2 Software artifact search The authors searched for mobile stress alleviation apps in both the
Google Play Store and the Apple App store by conducting a keyword
search for the term “stress”

3 Screening for inclusion In the Google Play Store, apps identified by the keyword search were
included if they belonged to the category “Health & Fitness”, leading to
a selection of 71 Android apps. In the Apple App store, apps identified
by the keyword search were included if they belonged to the category
“Health & Fitness” and were free. After removing duplicate apps, 56
additional iOS apps were selected

4 Quality assessment The paper does not explicitly mention quality assessment activities or
criteria

5 Data extraction Android apps were installed on a OnePlus 3 smartphone, while iOS
apps were installed on an iPad. If required, a registration for the app
was done, but no premium services were purchased. Subsequently, the
features of the apps and previews of premium content were manually
examined to extract information. More specifically, the authors
searched for functions of social comparison, available statistics of
training sessions, and options for push messages. They also tested the
implemented methods of stress alleviation for several minutes.
Additionally, the apps remained installed on the test devices for a
period of two weeks to record all incoming notifications. In addition,
the authors collected the number of downloads, number of reviews,
average rating, and publishing date for all apps

6 Documentation and archiving For each app, the authors provide a link that directly leads to the page of
the app in the Google Play Store or the Apple App store

7 Data analysis and synthesis The results of the review are synthesized in the form of a
comprehensive table that includes the extracted data for all 127 apps.
For each app, the table provides key metrics (e.g., rating), lists
implemented methods of stress alleviation, and indicates whether or not
the app offers a particular feature (e.g., push messages)

5 Discussion and Outlook

Motivated by the lack of methodological guidance in our own DSR project [16], we took
a first step toward a method for reviewing software artifacts from practice. Drawing on
the generic steps of the literature review process [10], we proposed a seven-step method
and applied it in our own review of public crisis response dashboards. In addition, we
instantiated our method within the context of a recently published DSR project that
included a review of mobile health apps [11] to demonstrate its broader applicability.
Currently, we apply and evaluate our method in another DSR project that focuses on a
different class of artifacts (i.e., prototyping tools).

The method described in this paper is not meant to be a final product, but rather a
starting point for discussion and further investigation. We identified several open ques-
tions and challenges that arise when reviewing software artifacts from practice. First,
the actual application of our method may vary considerably depending on the selected
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class of software artifacts. For example, a review of web applications requires a dif-
ferent set of search strategies than a review of business software. Second, identifying
all potentially relevant software artefacts is difficult, if not impossible, because artifacts
may still be under development, are not publicly available, or even disappear over time.
Third, software artifacts in practicemay be covered by copyright protection and access to
them may be restricted due to the use of confidential or commercial information, which
could make it difficult for researchers to extract, analyze, and share information about a
particular artifact. Finally, there are also alternative methods for assessing the novelty of
design knowledge. For example, Iivari et al. [7] propose a method that involves asking
practitioners to assess the novelty of design principles. Our paper adds to this line of
research by shifting the focus to the (software) artifact itself and providing a means to
compare a software artifact developed in DSR against existing artifacts in practice.

In summary,webelieve that ourmethod for reviewing software artifacts frompractice
is a useful addition to the toolbox of methods that DSR scholars can use to explore the
state of the art in practice and demonstrate the novelty of their artifacts.
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Abstract. Organizations are challenged to design solutions that increase the qual-
ity of life and well-being of elderly people because they inadequately understand
the needs of this specific target group.Design thinking (DT) is a promisingmethod-
ological framework for understanding the wants and needs of users. However,
DT’s fast and highly interactive style is not fully inclusive, making it ill-suited
for elderly participants. This research presents the SeniorDT framework, which
affords opportunities for including elderly participants in a multi-stakeholder set-
ting. Our framework is developed using the action design research methodology,
which builds on field data gathered during a long-term DT project. On this basis,
we derive theoretical and practical implications for conducting DT with older
participants.

Keywords: Action design science research · Requirements engineering ·
Elderly users · Design thinking · SeniorDT

1 Introduction

Design thinking (DT) is “an approach to foster the process of designing through an
iterative process of human-centered idea generation and evaluation in a team context”
[1, p. 1]. Many organizations have utilized DT to gather deep user insights to inform
the design of better products and services, applying different frameworks and process
models to support this process [2]. As DT involves carefully assessing users’ needs and
developing ideas and solutions to meet those needs collaboratively, such frameworks
and methods rely on a high level of empathy with users [3].

Since designers and engineers typically differ considerably from elderly end-users in
terms of age, lifestyle, attitudes, and cognition, organizations face challenges in applying
DT to design products and services for the elderly [4]. Overcoming such challenges is
important because the elderly population is an increasingly important consumer segment,
and demand for elderly-friendly products and services is expected to increase in the
coming years [5]. In response, researchers and practitioners have called for adapted DT
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approaches that consider the specific characteristics of and foster collaboration with
elderly people [6].

In this study, we refer to people broadly as ‘elderly’ who are in retirement, which
happens around the age of 60 and heavily impacts living conditions and lifestyle choices
[7]. However, evidence and practical experience show that elderly people have extremely
heterogeneous desires, needs, health restrictions, physical and mental capabilities, and
lifestyles [6]. Assessing how such heterogeneity should inform product and service
design is challenging because our knowledge of the range of elderly people’s perspectives
on elderly-friendly technology is limited [8]. For example, elderly people with good
vision might experience big buttons on mobile phones as stigmatizing.

However, adapting DT to designing for elderly people is difficult because ‘elderly
people’ are by no means a homogeneous user group. Classical DT approaches were
developed for the business context, where the limitations posed by involving elderly
participants were less relevant [6]. Specifically, classical DT has well designed to collect
data about the specific characteristics, knowledge, and experience of elderly people
[9], failing to account for well-documented changes in physiological and psychological
capabilities that people experience as they age and failing to address how to encourage
elderly people to participate actively in DT activities [10]. To realize the potential of
using DT with elderly participants, designers must consider how to incorporate their
perspectives and “design for the other” [4].

This research contributes to the design science by developing a senior design thinking
(SeniorDT)method and illustrating how to adjust theDT framework to better incorporate
elderly users in the design thinkingprocess. In order to develop anewDT-based approach,
we follow theActionDesign Science Research (ADR) approach developed by Sein, et al.
[11]. Accordingly, we formulate the problem based on extant literature, then develop,
refine, test and apply the artifact, SeniorDT, in practice. The empirical basis of this field
study is a project, which applied SeniorDTwith elderly participants in two design cycles.
Throughout these cycles, we reflect on the experiences and formulate the learnings. To
compare our SeniorDT with an application of classical DT, we conducted a baseline
project with younger participants in a business setting. This study concludes with a
discussion of our findings, their implications for DT frameworks, their limitations, and
directions for further research.

2 Literature Review

Modern requirements engineering methods are user-centric, i.e., they position intended
users in the middle of design processes. In user-centric design approaches, user groups
who systematically differ from “average users” and, thus, require additional attention,
are often referred to as “sensitive user groups” [12]. Some user-centric design approaches
specifically address the inclusion of sensitive user groups. For example, Gregor, et al.
[12] describe how to account for diversity in physical and cognitive abilities, such as
hearing impairments, declining attention spans, which are common among sensitive user
groups [6] and, in the context of the current study, among the sensitive user group of
elderly people.

In addition to limited psychological, cognitive, and physical capabilities, elderly
people also frequently demonstrate reduced levels of creative thinking [13]. Because
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people’s tendency to align their thinking towards familiar patterns increases as they
grow older, they may ignore novel or unfamiliar helpful ideas [6]. For example, studies
demonstrate that elderly people less easily perceive the usefulness and value of techno-
logical innovation [14]. This issue could result from the limited technology experiences
of elderly users, who did not grow up using IT [15]. Hence, elderly people’s interest in
and ability to participate in design activities, could be limited by their capabilities and
preferences, even though participation could increase their well-being and the quality of
their social interactions [6].

The current state identifies the problems of older DT participants’ participation and
collaboration, which hampers designing products with and for this target group. To over-
come such limitations, researchers suggest adapting design workshops to account for
the potentially restricted physical and cognitive abilities and levels of creative thinking
of elderly users [6]. Hakobyan, et al. [16] suggest eliminating tasks that require older
participants to read and write on their own and actively soliciting elderly participants
to participate in prototypes and reviewing material. Reflecting on the fast and iterative
nature of classical DT, van der Westhuizen, et al. [17] report that elderly people strug-
gle to collaborate and feel limited trust in the method. To overcome these challenges,
evidence suggests emphasizing verbal explanations and one-to-one interactions [16]. To
effectively conduct design workshops with elderly users, designers need to build trusting
relationships with elderly people and educate them on the value of collaboration [16].

3 Methodological Approach

To ensure methodological rigor in our research project we chose to follow the Action
Design Research Approach suggested by Sein, et al. [11]. ADR comprises four iterative
stages: problem formulation (1), building, intervention, and evaluation (2), reflecting
and learning (3), and formalization of learnings (4). Figure 1 illustrates how these stages
are connected and shows the corresponding sections in this paper.

Fig. 1. Action design research approach (Sein et al. (2013))



354 A. Jussli et al.

Following the ADR method, our research adopted the recommended stages as fol-
lows: Stage 1 identifies the specific problems of seniors’ participation and collaboration.
We use the introduction and literature review to describe the details of this practical prob-
lem. The introduction reflects on the identified issues out of a theoretical perspective
(stage 1). Section 5 demonstrates the reciprocal shaping of the SeniorDT method (stage
2) based on authentic insights, gathered during a real-life project describes in Sect. 4. The
discussion functions as reflection and learning stage by reflecting the findings against
the background of the practical issues and the theoretical state of science (stage 3). For-
malization and learning (stage 4) – which is not part of this research yet – would consist
of transforming the gained insights into concrete design principles for Design Thinking
with older participants.

We choseADR as guidingmethodological framework for our research as it combines
research, development and evaluation by generating authentic insights and continuous
learning while developing/applying the artifact in practice [11]. This more iterative app-
roach of research enriches design science by referring the design activity continuously
back to the practitioners’ perspective and the current state of theory, which contributes
to solve the issue of balancing relevance and rigor [18]. This creates value by encour-
aging the ADR researcher to develop a rich, interpretative understanding the project
and the social context, which differs from the positivist logic found in some classical
design science approaches [19]. Hence, ADR is better suited to the Design Thinking
context than other design science methodologies. ADR is particularly useful for build-
ing authentic understanding of the perspectives and attitudes of workshop participants.
Prior research has applied the ADR approach in DT contexts and found it useful for
understanding user participation and learning [20]. We therefore use the ADR approach
for methodologically guiding our development of SeniorDT.

4 Project Background

This paper presents the results of a research program focusing on adapting DT methods
to actively engage elderly participants in a design cycle. To compare the results of the
application of the resulting SeniorDT method with results from a design cycle applying
the classical DT method, we also conducted a baseline project with a group of younger
participants, mainly with IT or engineering backgrounds. Comparing the results of the
DT project with elderly people (SeniorDT) with the results of the DT project with
younger participants in an open innovation business setting (classical DT) enabled us to
identify specific differences and draw more specific conclusions. The SeniorDT project
consisted of two full DT cycles, each lasting six months. The first was conducted in
2019 (before the COVID-19 pandemic) and the second in 2021 (during the COVID-19
pandemic). The standard DT project consisted of three DT cycles conducted in 2018,
2019, and 2021, generating new insights into conducting DT in a multi-stakeholder open
innovation setting.

Participants in the SeniorDT project consisted of elderly people, company experts,
and professionals in the field of social work and elderly care. In the first DT cycle, a
mixed team of ten participants from these groups contributed to developing a mhealth
application. The second DT cycle focused on fostering technology adoption among
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elderly people and included a mixed team of fifteen participants. The first cycle was then
evaluated thoroughly based on insights from ethnographical observations, such as field
notes taken during the project and collaborative real-time and retrospective reflection,
and interviews with a focus group, refined with the help of DT experts, and discussed in
informal interviews with the participants to create an optimized second DT cycle.

5 SeniorDT - Design and Development

During the literature reviewwe formulated participation and collaboration as main prob-
lems we aim to target with developing SeniorDT. The initial development stage draws on
insights from the baseline project, expert interviews, and the extant literature. Generated
insights are used to adapt the DT process following the six-stage process developed by
Plattner, et al. [21]: understand (1), empathize (2), synthesize (3), ideate (4), prototype
(5), and test (6). In the following, we describe the adaptions:

1. We added a ‘consolidation’ stage to the beginning of the DT process to clarify
participants’ expectations.

2. We spread out the workshop days over several weeks to give elderly participants
sufficient regeneration time in between.

3. We added open coffee breaks afterworkshop sessions to give elderly participantswho
do not have the endurance for workshop collaboration, the opportunity to contribute.

4. We fostered team dynamics by holding team check-ins and check-outs, where partic-
ipants could reflect on the goal of each session and collaboration, and by engaging a
facilitator with practical experience working with elderly people to assess the mood
of the participants.

Figure 2 illustrates the initial version of SeniorDT:

Fig. 2. Initial version of SeniorDT
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The project began with a consolidation phase (1) consisting of two workshop ses-
sions. In the first session, a pool of relevant topics was generated, which was translated
into a concrete design challenge in the second session of the consolidation phase. The
understanding phase (2) was performed by company experts’ presentations and inter-
views with doctors. In the emphasizing phase (3), short observations in an elderly care
home were organized. On this basis, the synthesis (4) and ideation (5) phases were con-
ducted based on classic DTmethods. Click dummies were utilized in the prototyping (6)
and testing (7) phases at a residential complex for elderly adults. This shift in location
enabled us to engage the facilities’ tenants as end-users.

5.1 Demonstration and Evaluation of the Initial Version

We evaluated our initial version of SeniorDT based on focus group discussions, informal
interviews with workshop participants, and interviews with DT experts, documenting
our results as field notes. The findings were iteratively discussed among the researchers
and the project participants. Benefits were noted in terms of team formation and insights
into contextual factors. Based on our evaluation, we concluded that the initial version of
SeniorDT required improvements in two main areas: participation and collaboration.

The issue of participation affected all stakeholders. Company experts were often
interrupted by urgent phone calls and company representatives reported difficulties free-
ing themselves of their professional responsibilities for several hours at a time. The
elderly participants attended the first two two-hour sessions and the first four hours of
each of the remaining two eight-hour workshop days. The elderly participants reported
difficulties keeping up with the speed of the exchanges, the frequency of topic changes,
and the prevalence of English jargon. They reported feeling insecure about their role,
confused about how they were expected or able to contribute to the design process, and
embarrassed to ask questions because they did not want to be perceived as stupid.

The issue of collaboration also had many facets. Based on discussions with elderly
participants during the open coffee breaks, company representatives reported that many
elderly participants misunderstood the scope of the research project and the objectives
of the DT activities. The elderly participants expressed their disappointment that the
workshop outcome were abstract ideas about potential solutions rather than ready-to-
use prototypes. Especially at the early stages of the design process, expert input and
statements by other workshop participants heavily influenced the opinions and contri-
butions of the elderly participants. For instance, elderly participants passively agreed
to the already existent products the company representatives presented and has issues
criticizing them. At the later stages of the process, participants expressed their lack of
confidence in contributing to developing a mhealth application because it is a ‘digital
artifact.’

5.2 Refinement of SeniorDT

The findings from testing the initial version were incorporated to create a refined version
of SeniorDT (Fig. 3). Measures were taken to improve:
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Recruiting

1. The DT facilitator focused on building trusting relationships with the elderly partic-
ipants before the project started, such as by calling them individually several times
to discuss the location and time.

2. Companymanagerswere given a gatekeeper role and asked to assign one subordinate
each to guarantee the organization’s commitment to the project.

Collaboration

1. A facilitator explicitly clarified the roles of the participants before each task and
highlighted the contribution of the elderly participants.

2. The DT facilitation began with warmups requiring contributions from every
participant.

3. DT facilitation utilizes check-ins and check-outs to describe the goals of each phase
and progress toward reaching the project goals in detail.

Comprehension

1. The research team adapted classic DT materials and templates to meet the needs of
the elderly participants, such as by avoiding English jargon, using larger fonts, larger
paper, and materials familiar to elderly participants, such as napkins, for prototypes.

2. Workshop leaders provided ample seating so that elderly participants could sit down
without having to ask.

3. Workshop leaders provided simple and clear handouts outlining the goals and
structure of the phases and activities.

4. The workshop leaders simplified the workshop phases and activities by focusing on
the key elements, thus shortening the workshops significantly.

5. The research team consolidated the potentially confusing six-stage iterative process
developed by Plattner, et al. [21] into four clear phases: consolidate the challenge,
investigate the problem, find an idea, and develop a solution (see Fig. 2 below).

Authenticity

1. In the consolidation phase, the elderly participants identified relevant topics in a
first session, and then company experts formulated a design challenge based on
interviews in a second session.

2. A DT facilitator specified the role of each participant to ensure that the elderly
participants would share their perspectives and opinions and that company experts
would listen.
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3. The workshop leaders simplified the prototyping and testing sessions to make design
activities more accessible to the elderly participants.

Fig. 3. Refined version of SeniorDT

During Phase 1 of SeniorDT, Challenge consolidation, a group of elderly people
discussed relevant topics from their perspectives based on the extreme-user method.
On this basis, company experts conduct interviews with elderly people to gain deeper
insights into their needs and perspectives and develop a design challenge in ‘how might
we’ form. A key method of Phase 2 is the development of a fictitious persona from
whose perspective a hypothetical point-of-view statement can be generated. In Phase
3, the participants generated ideas utilizing random-input and clustering techniques,
sketching the final idea on a napkin. In Phase 4, the participants developed the final idea
into a possible solution using business development methods such as the golden circle,
business model canvas, and preparing a pitch.

5.3 Evaluation of the Refined Version of SeniorDT

Compared to the design cycle in which we applied our initial version of SeniorDT, we
observed changes in each of the four categories outlined in Sect. 5.2 above:

Participation
The refined version of SeniorDT enabled elderly participants to participate significantly
more than previously. For example, five out of eight elderly participants engaged inmore
than one event, three of whom participated throughout. Unfortunately, several partici-
pants dropped out due to health issues or because they had to care for a close relative, and
were thus unable to commit to participating in a series of events. To our disappointment,
participation among company representatives and social workers declined: only three
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out of seven participated throughout. These dropout rates might be caused by the rinsing
COVID cases in Germany.

Collaboration
Elderly participants highlighted the role of trust, suggesting that involving a “trustwor-
thy” institution, such as the church, in the project would further increase their willingness
to collaborate.

Comprehension
Elderly participants reported that they could follow the activities better in the design
cycle using the refined version of SeniorDT than in the design cycle using the initial
version of SeniorDT. It is noteworthy that, their feedback specifically addressed the
facilitator’s calm and patient attitude.We observed that facilitation using timeboxingwas
ineffective because the elderly participants have their own individual pace of working
and often contribute by telling stories, from which other participants could generalize in
the discussion. This demonstrates that the elderly participants depended on the support
of their groupmates to clarify the tasks and empathetically “overlook” any difficulties
theywere havingwith the activities. Finally, we observed that elderly participants did not
respond well to gamification approaches and were reluctant or unable to hypothetically
imagine states, clinging instead to the notion that the prototypes (and organizations)
developed would become real.

Authenticity
In both the initial and the refined versions of SeniorDT, company experts appreciated
authentic user insights, acknowledging their value and relevance in their everyday busi-
ness. Specifically, they singled out the value of collaborative activities that foster close-
ness to a target group, deepen their methodological knowledge, strengthen ties with
other institutions, and challenge classical approaches followed in their companies. We
observed that low-threshold workshop outcomes adapted to meet elderly users’ needs
and emotions facilitated authentic contribution.

6 Discussion: Reflection and Learning

The unique needs and limitations of elderly people often make it difficult for them to
participate fully and authentically in traditional design theory (DT) approaches. This
research presents a new SeniorDT approach, which includes modifications of the activ-
ities, methods, and structure of classical DT approaches that facilitate a greater will-
ingness to participate, a higher level of collaboration, better comprehension, and more
authentic contributions among elderly DT participants, yielding more valuable insights
for designers of products and services for elderly users and consumers. TheADRmethod
we present responds to calls in extant literature in terms of identifying four action fields
for DT adaption when it comes to activities with elderly people, namely adaption of the
DT process, facilitation, settings and material, and recruitment [22]. Hence, we like to
reflect on our insights to deliver more general findings:
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1. Process
Our results demonstrate how adapting the DT process contributes to engaging

elderly participants. This group requires a slow introduction to the process by start-
ing with a consolidation phase and working with elderly participants and experts
separately at the outset. In addition, fast and iteration as typical DT style [23] are
not sufficient when it comes to workshop activities with elderly people. Grouping
activities into logical phases helps elderly participants feel less overwhelmed by
rapid topic changes.

2. Facilitation
The facilitator is especially vital as we observe that elderly participants often

relate their experience directly to the facilitator. Specific emphasis should be put
on teambuilding and warm-up activities that enable participants to feel safe con-
tributing. It is important to align all activities with elderly participants’ physical
and cognitive capabilities, such as by not requiring difficult movements or overly
demanding abstract thinking.

3. Settings and material
All materials and language used should be familiar to elderly participants. In

order to support consistent participation, elderly participants must be able to access
the workshop site easily and feel comfortable with the physical setting. To avoid
exhaustion and stress, the sessions should be short but not feel rushed. Handing out
a simple, large-print schedule of each session allows elderly participants to process
the information at their own speed and refer to the schedule as often as they want to,
building trust in the process.

4. Recruitment
Achieving strong design cycle results applying SeniorDT principles rely on the

active and committed participation of a range of stakeholders balanced between com-
pany representatives, social workers, and elderly participants. The gatekeeper app-
roach, which involves managers in recruitment decisions, increases organizations’
level of commitment to the project. Our findings indicate that additional resources
and time are required to secure committed participation among elderly participants
than among younger stakeholders in the business context.

Generally, our findings underscore the value ofDT in generating valuable and authen-
tic user insights and contributing to teambuilding [24]. However, effectively involving
elderly participants in design cycles sheds light on potential limitations of core fields
of actions for adapting DT to elderly participants. Since many elderly people lack the
stamina to attend long and intense workshops and feel overwhelmed if they are overstim-
ulated, involving elderly participants in design cycles using SeniorDT requires greater
empathy and a sharper focus on those activities that best support the process.

6.1 Limitations and Further Research

As with any research, our study is limited in several ways. First, the elderly participants
in this study are highly active in a single non-profit organization in Germany, which
might bias the results in terms of the physical and cognitive characteristics and socio-
economic status that affect activities in the late stage of life. Due to COVID-19 pandemic
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restrictions, we were severely limited in terms of workshop locations and participant
recruitment. Future research should compare workshop results in more diverse settings,
such as in different cultural settings, including a broader sample of the older generation,
such as those living in elderly care homes, and welcome individuals only willing or able
to attend parts of the workshop sessions.

Second, the majority of the participants in our study participated in both design
cycles implementing the initial and the refined versions of SeniorDT. It can be assumed
that participants learned from one iteration to the next. Future studies using SeniorDT
should include “naive” participants.

Third, we undertook this study in the context of a research project. Future research
is required applying SeniorDT in “real-life” circumstances, with an authentic design
intention, to assess how stakeholders’ and participants’ levels of trust and motivation
differ.

Fourth, researchers investigating the elderly population might benefit from applying
an ADR or design science context. In this regard, studies utilizing these two approaches
might reveal if the insights generated in this paper support a better inclusion of sensitive
users into design activities, which would contribute to the development of design science
approaches, making the best use of older participants.

Last, but not least, it is important to state that action design research contributes by
deriving concrete design principles, aiming to support practice [11]. Therefore, we will
build on the generated learnings of this study by formulating concrete principles, which
DT facilitators can use for DT activities, aiming to design with and for the elderly.
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Abstract. Design science research (DSR) should contribute to both the prescrip-
tive and descriptive knowledge bases. Despite its maturity, a granular understand-
ing of howDSR develops knowledge, while utilizing and contributing prescriptive
and descriptive knowledge, remains incomplete. Creating such a granular under-
standing requires a detailed typology of design knowledge, a unifying vocabulary
of operations, and an identification of which operations can be applied to produce
different knowledge types. We propose that “triplets of dynamic knowledge”,
relating source and target knowledge types through operations, can be defined,
and combined to develop design knowledge. We provide a vocabulary of oper-
ations on knowledge types and investigate the relationships between knowledge
types and operations. We illustrate triplets that can improve fitness, projectabil-
ity or confidence. The goals of the granular view of knowledge development are
to guide researchers without constraining them, and to progress a finer-grained
description and accumulation of knowledge development in DSR.

Keywords: Design science research · Design knowledge · Knowledge
development · Knowledge type · Operation · Triplet of dynamic knowledge

1 Introduction

Design science research (DSR) has matured, both in the production of knowledge and in
its evaluation [1–3]. DSR in information systems (IS) has positioned itself with respect
to behavioral research [4, 5], which develops theories explaining or predicting IS-related
phenomena. DSR focuses on how to solve problems by developing artifacts. Initially,
behavioral research and DSR were considered distinct, contributing to the descriptive
knowledge base (�-knowledge [6]) and prescriptive knowledge base (λ- knowledge [6])
respectively. However, it is now commonly accepted that DSRmay contribute both types
of knowledge [7, 8].
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Despite its maturity, a granular understanding of how DSR develops knowledge, uti-
lizing and contributing λ-knowledge and �-knowledge, remains incomplete. We need
fine-grained models of scientific inquiry [9] that represent how knowledge can be com-
bined and developed in the λ-knowledge and �-knowledge bases. We concur with Lee
et al. [10, p.5] that “missing is a granular understanding of design theorizing process,
i.e., what are specific elements and activities involved in the design theorizing process?”:
although detailed typologies of design knowledge have been proposed [8, 11], the activ-
ities to develop knowledge are either described incompletely, or at a level of detail too
high to account for all types of prescriptive or descriptive knowledge. Developing design
knowledge should improve fitness, projectability, or confidence [11]. To this end, in addi-
tion to being aware of the different design knowledge types, researchers need to know
what operations to apply to what knowledge types to improve projectability, fitness,
or confidence. This requires a detailed vocabulary to describe these operations, and an
understating of how the operations may improve fitness, projectability, or confidence. A
granular understanding of knowledge development will help researchers in advancing
their research. This is necessary to address the wicked problems characteristic of DSR.
At the same time, there is a need for knowledge accumulation. There are many DSR
projects that researchers may reuse, replicate, or extend. A granular view of knowledge
development in DSR will enable the formalization of knowledge development, and thus
the accumulation of knowledge, at a detailed level.

The research question becomes: How can we describe and understand the develop-
ment of design knowledge at a granular level, recognizing that knowledge development in
DSR should contribute to fitness, projectability, or confidence? To answer this question,
we make minor adaptations to the typology of design knowledge [8, 11] and propose
a unifying vocabulary of operations consistent with the level of detail of this typology.
We investigate the relationships between knowledge types and operations to identify
which operations can be applied to different knowledge types to produce new ones. We
propose and illustrate triplets of dynamic knowledge, relating source and target knowl-
edge types through operations, and specify their effects (individually or in succession)
on projectability, fitness, and confidence. We present the triplets as possible operational-
izations of two archetypal movements of vom Brocke et al. [11], and identify a new
movement. The objectives of our granular view of design knowledge development are
to guide researchers by suggesting possible triplets (without constraining them) and to
detail how knowledge is developed and accumulated in DSR.

This paper proceeds as follows. Section 2 reviews the literature on knowledge devel-
opment in DSR, motivating a granular representation. Section 3 presents the typol-
ogy of design knowledge, proposes a detailed and unifying vocabulary of operations,
and investigates the relationships between knowledge types and operations. Section 4
presents examples of triplets, or successions of triplets, relating them to the dimensions
of fitness, projectability, and confidence. Section 5 concludes the paper.
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2 Literature Review

We distinguish five categories of research related to knowledge development in DSR:
(1) methodologies or high-level views of knowledge development, (2) theorizing, (3)
processes or frameworks for defining design principles or theories, (4) conceptualization
of knowledge development as knowledge moments, and (5) interplay between DSR
projects and human knowledge bases.

Several high-level views of the DSR process have been proposed. Peffers et al. [12]
define a DSR methodology. The methodology for action design research [13] includes
formalization of learning, generalizing outcomes. Kuechler and Vaishnavi [14] present a
cyclical DSR process. VomBrocke et al. [11] represent the accumulation of DSR knowl-
edge across projects as journeys along a tri-dimensional space: projectability, fitness,
and confidence. Four movements are identified: abstraction, generalization, amplifica-
tion, and contextualization. The authors provide a high-level view: the DSR chunks
positioned along this space are typically at the granularity level of projects.

Multiple papers explore theorizing in IS. Lee and Baskerville [15] propose a gener-
alizability framework which applies both to positivist and interpretive research. In DSR,
the concept of projectability [16] is preferred to generalizability. Lee et al. [10] consider
theorizing in DSR as operating in two domains: instance (problem and solution) and
abstract (problem and solution). They propose a framework with four activities: abstrac-
tion, de-abstraction, solution search, and registration. They do not rely on a detailed
typology of design knowledge. Their four activities are high-level, in that they are not
related to specific types of design knowledge.

Research on developing design principles includes a method for their development,
which is systematic, but rigid [17]. Mandviwalla [18] proposes a process based on
prototyping for design theory construction; a more focused framework [19] centers
around abstraction for two specific components of design theories.

According to the DSR genres framework [7], a study has successive knowledge
moments, characterized by a goal (design or science, i.e., prescriptive or descriptive)
and scope (idiographic or nomothetic). Building upon this framework, Akoka et al. [20]
define knowledge paths as sequences of knowledge nodes characterized by their goal
and scope. They do not specify the operations between nodes. Herwix and Rosenkranz
[9] distinguish knowledge production episodes (similar to knowledge moments), but not
their sequencing. Rothe et al. [21] characterize design knowledge by its scope and goal
and conceptualize DSR knowledge development as a knowledge creation process with
three mechanisms: injection, folding, and enhancement.

Drechsler and Hevner [8] distinguish project design knowledge from human knowl-
edge bases (with�- andλ-knowledge), identifying sixmodes of utilizing or contributing
knowledge, through high-level operations such as “informs” or “are reused”.

Thus, there is a need for a granular view of knowledge development. Prior research:
(1) provides a high-level view; (2) focuses on a specific aspect of knowledge development
(e.g., abstraction into design theories); (3) uses a characterization of knowledge that lacks
detail; or (4) lacks a detailed, unifying vocabulary of operations.
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3 Design Knowledge Types and Operations

Recognizing the dynamic and pluralistic nature of DSR [7], this research considers
knowledge development at a granular level as operations between knowledge types. Sim-
ilar to other work (e.g., [21]), we consider knowledge development as typically found in
academic publications, which generally do not mention temporary design project knowl-
edge. Thus, we focus on “human knowledge bases” [8]. We slightly adapt the typology
of design knowledge, define a unifying vocabulary of operations, and investigate the
relationships between knowledge types and operations.

3.1 Design Knowledge Types

Consistent with the term “design knowledge bases” [11], we refer to human knowledge
bases as “design knowledge”. This does not necessarily imply that any addition to these
basesmay be aDSR research contribution. Such a contribution requires some abstraction
[22]. Moreover, knowledge development in DSR requires progression in projectability
(in the problem space), fitness (in the solution space) or confidence (in evaluation) [11].
Figure 1 shows the typology of design knowledge used it this research, drawing heavily
on the model of Drechsler and Hevner [8] and its adaptation [11].

Fig. 1. Types of design knowledge (adapted from [8, 11]).

In �-knowledge, we understand “observation” broadly [23]. For example, partic-
ipant observation, surveys, and measurement through sensors, are forms of observa-
tion. Following Seidel and Watson [23], we distinguish between the observation of a
problem within its context and the observation of a phenomenon. Similarly, we dis-
tinguish two types of descriptions. Observation leads to description, which leads to
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conceptualization [23]. How conceptualization is performed depends on the paradigm
(explanatory/predictive or prescriptive). In �-knowledge, we put description under the
label “cataloging”, according to the definition of the verb “catalog” (“to list or describe
(something) in an organized way,” https://www.learnersdictionary.com/definition/cat
alog). We add statements of relationship under the label “classification”. Similarly, we
add “explanatory/predictive theory” and “testable proposition” under the label “theory”.
We make minimal changes to λ-knowledge, changing “principle” to “design principle”
to avoid confusion with principles in �-knowledge. Solution artifacts are subdivided
according to March and Smith [4]; instantiations are specialized [8].

3.2 Operations

The literature lacks a detailed, standardized vocabulary of operations on knowledge
types. We thus need a vocabulary of operations for the representation of knowledge
development at a granular level, with well-specified meaning. To define the vocabulary
of operations, we used a conceptual approach, based on a review of the literature as
well as on our own knowledge and experience. This iterative process included brain-
storming on candidate terms, grouping similar terms into categories (e.g., operations
related to abstraction or generalization), and identifying and resolving issues of syn-
onymy, hyponymy, or hypernymy. The resulting vocabulary is provided, grouping the
operations into four categories: bottom-up, top-down, solution search, and evaluation
and inspection. This typology mirrors the four design theorizing activities of Lee et al.
[10] (abstraction, de-abstraction, solution search, and registration). An operation has a
source knowledge type (object of the operation) and a target knowledge type (result of
the operation). The knowledge types are the final nodes in the typology of Fig. 1.

Bottom-Up Operations. Strict abstraction is as understood in the object-oriented app-
roach [24], i.e., abstraction of an instance into a class, or abstraction of a class into
a meta-class. The source and target knowledge types may be the same or different.
Loose abstraction is abstraction broadly understood [25]. It refers to other types of
abstraction than strict abstraction. In loose abstraction, the target knowledge type differs
from the source knowledge type. Strict generalization is generalization as understood
in the object-oriented approach, i.e., generalization of a class into a super-class. Detail-
preserving generalization is generalization as understood by vom Brocke et al. [11].
Since the original level of detail is preserved, the generalized knowledge is not more
difficult to operationalize than the original knowledge. In detail-preserving and strict
generalization, the source and target knowledge types are the same.

Top-Down Operations. Specialization is the inverse of generalization. Instantiation is
the inverse of strict abstraction. However, we reserve this term for instantiation from
an abstract artifact to another abstract artifact (as opposed to a material artifact [22],
i.e., as opposed to an instantiation), or from a system (e.g., a tool) to another system.
Application relates an abstract artifact or a system (source knowledge type) to a product
or process (target knowledge type). In execution, the source knowledge type is a system,
and the target knowledge type is a product or process. Implementation, as commonly
used, refers to the implementation of an abstract artifact into a system.

https://www.learnersdictionary.com/definition/catalog
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Solution Search Operations. Derivation builds a target knowledge type from a source
knowledge type to progress towards the solution. For example, a system may be derived
from requirements. In augmentation, an artifact is completed by another artifact, which
enriches the solution without directly contributing to solving the problem. For example,
a model may be completed with guidelines (a specific type of method) on how to use it.
Combination, selection, transfer, and adaptation draw on vomBrocke [26].Combination
aggregates knowledge of a certain type to knowledge of the same or another type.
Selection, transfer, and adaptation inject [21] knowledge from other knowledge bases
into the current design knowledge base. In selection, the source knowledge is injected
as is. In transfer, it is injected by analogy. In adaptation, it is injected after changes to
adapt to the context of the current knowledge base.

Evaluation and Inspection Operations. Revision changes knowledge in the context
of evaluation. The source and the target knowledge types are the same. Corroboration
is the counterpart of revision, when evaluation reveals that no change to the evaluated
knowledge is needed.Observation is the observation of a product or a process, typically
in a context of evaluation (systems are not observed directly, but through the products
or processes resulting from their application). Examination inspects abstract design
knowledge, typically in evaluation (e.g., complexity of an algorithm).

3.3 From Knowledge Types to Knowledge Types Through Operations

This section examines the relationships between knowledge types and operations to
explorewhich operationsmaybeperformedonwhich source knowledge types to produce
which target knowledge types. From these operations, we will be able to define triplets
of dynamic knowledge to progress projectability, fitness, or confidence.

We built a matrix with the knowledge types as rows and columns, with each cell
containing the possible operations from the knowledge type in the row to the knowledge
type in the column. The knowledge types are the final nodes in the typology of Fig. 1.
However, we only consider the types in �-knowledge commonly referred to in DSR.
The typology of λ-knowledge includes both the results and activities of DSR [8, 11].
We consider only design knowledge representing the results of DSR, leaving knowledge
representing activities for future research.Thus, ourmatrix contains the knowledge types:
observation of problem in context, observation of phenomenon, description of problem
in context, description of phenomenon, statement of relationship, explanatory/predictive
theory, testable proposition, technological rule, requirement, design principle, feature,
construct, model, method, system, product, and process.

To populate the cells of the matrix (determine the operations that may operate on a
source knowledge type to result in a target knowledge type), we combined a conceptual
and an empirical approach. After filling and discussing the matrix collectively based on
our knowledge of DSR, we proceeded to empirical evaluation, the purpose of which was
to check ifwe had omitted operations froma target to a source knowledge type that appear
in the literature. (Conversely, an operation from a source to a target knowledge type
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might be relevant even though it has not been reported in the literature.) The empirical
evaluationwas based on the 52DSRpapers published inMISQ from2004 to 2020. These
papers were selected by two of the authors by examining the abstracts, and full text as
necessary. The selection criterion required thatDSRbementioned as the researchmethod
or that at least one DSR artifact be clearly articulated. From these 52 papers, a random
sample of 22 papers was drawn. Two authors identified the operations from knowledge
types to knowledge types used in all papers of this sample. This comprised several steps,
including individual coding and discussion of disagreements. The empirical evaluation
led to the addition of a few operations in the matrix. As expected, the resulting matrix is
sparse, despite the many possible operations from knowledge types to knowledge types.
Therefore, rather than a matrix, Table 1 shows the possible source and target knowledge
types by operation.

Table 1. Source and target knowledge types by operation.

Operation Source knowledge type Target knowledge type

Strict abstraction Model ∪ Method Construct

System System

Loose abstraction Observ. of prob. in context Descript. of prob. in context

Observ. of phenom Descript. of phenom

Observ. of phenom. ∪
Descript. of prob. in context ∪
Descript. of phenom

Statement of relationship

Statement of relationship Explan./predict. theory

Observ. of phenom. ∪
Descript. of phenom. ∪
Statement of relationship ∪
Feature ∪ Method

Testable propos

Construct ∪ Model ∪ Method
∪ System ∪ Product ∪ Process

Techno rule ∪ Design
principle

System Model ∪ Method

Strict generalization,
detail-preserving
generalization, specialization

Descript. of prob. in context ∪
Descript. of phenom. ∪
Statement of relationship ∪
Explan./predict. theory ∪
Testable propos. ∪ Techno rule
∪ Requirement ∪ Design
principle ∪ Feature ∪
Construct ∪ Model ∪ Method

Same as source knowledge
type

(continued)
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Table 1. (continued)

Operation Source knowledge type Target knowledge type

Instantiation Construct Model ∪ Method

System System

Application Construct ∪ Model ∪ Method Product

Construct ∪ Method Process

Execution System Product

Implementation Construct ∪ Model ∪ Method System

Derivation Explan./predict. theory ∪
Requirement

Testable propos

Descript. of prob. in context ∪
Explan./predict. theory ∪
Testable propos

Requirement

Explan./predict. theory ∪
Testable propos. ∪
Requirement

Design principle

Descript. of prob. in context ∪
Explan./predict. theory ∪
Testable propos. ∪
Requirement ∪ Design
principle

Feature

Testable propos Method ∪ System

Requirement ∪ Design
Principle ∪ Feature

Construct ∪ Model ∪ Method
∪ System ∪ Product ∪ Process

Descript. of prob. in context System ∪ Product ∪ Process

Augmentation Method Model

Construct ∪ Model Method

Combination Testable propos. ∪ Construct Explan./predict. theory

Construct Statement of relationship

Construct Model

Selection, transfer, adaptation Construct ∪ Model ∪ Method
∪ System ∪ Product ∪ Process

Same as source knowledge
type

Revision, corroboration Any knowledge type Same as source knowledge
type

Observation Product ∪ Process Observ. of phenom

Examination Techno rule ∪ Requirement ∪
Design principle ∪ Feature ∪
Construct ∪ Model ∪ Method

Descript. of phenom
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4 Triplets to Progress Projectability, Fitness, and Confidence

Based on Table 1, which shows which operations may be performed on which knowl-
edge types to produce which knowledge types, Table 2 illustrate triplets of dynamic
knowledge, with indication of changes to projectability, fitness, and confidence. These
examples are taken from the literature or drawn from the authors’ experiences.

Table 2. Triplets of dynamic knowledge for projectability, fitness, and confidence.

Movement Triplets Projecta- 
bility

Fit-
nes
s

Con-
fi- 
dence

Abstraction k m m

k m m

k k m

Amplification = k m

= k m

= k m

Evaluation 
and demon-
stration

m k k

m = k

= = k

The triplets are classified by movement in the design knowledge space. Table 2 con-
siders some movements and a few examples of triplets. In addition to the movements of
abstraction and amplification [11], we add “evaluation and demonstration”. The table
illustrates how movements may be operationalized by operations on knowledge types.
The triplets may be used for guidance (i.e., to develop knowledge by progressing fit-
ness, projectability, or confidence) at the level of a single project, or between projects.
Knowledge development in a project is represented as successions of triplets. In addi-
tion to guiding DSR researchers, this representation may be used to describe knowledge
development and accumulation at a granular level. Even though for each triplet, the
operation is performed on a single knowledge type (the object of the operation), the
triplet may have secondary sources. A triplet results in a single knowledge type (the
target). For example, a model may be revised or corroborated based on the qualitative or
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quantitative feedback of users (i.e., observation of phenomenon, according to the typol-
ogy of design knowledge). The corresponding triplet has a primary source (the model
revised or corroborated), a secondary source (the observation), and results in a revised
or corroborated model, with improved confidence.

The movement of abstraction [11] is characterized by an increase in projectability
and a decrease in fitness. At the granularity level of triplets, we observe that this is
generally the case (and confidence decreases because the newly created knowledge is
yet to be evaluated). For example, the triplet abstracting a system into another (strict
abstraction) may represent the abstraction of a modeling tool into a metamodeling tool.
We could also imagine a DSR project that starts by reverse-engineering a model from
an existing system, this model being one of the artifacts produced in the project to solve
the problem. In this specific case, the triplet (the last one represented in abstraction in
Table 2) would result in both an increase in projectability and fitness.

Amplification (progressing fitness at the same level of projectability) may be
achieved by different operations, e.g., derivation or augmentation. For example, a query
language (construct) may be completed with guidelines (method).

In “evaluation and demonstration”, the triplets are characterized by an increase in
confidence. The implementation of a model into a system decreases projectability but
increases fitness and improves confidence (proof of feasibility). Execution of a system,
which results in a product (the data from execution) increases confidence by demon-
stration. As mentioned above, the two triplets in the last row of Table 2, taken together,
improve confidence. Note that the last triplet, which observes a product (e.g., the result
of execution of a system) does not increase confidence per se. To increase confidence,
this observation should be used to revise or corroborate knowledge, e.g., a model.

To illustrate the triplets of dynamic knowledge on a specific DSR project, and how
knowledge development improves projectability, fitness or confidence at a granular level,
we consider a paper from our MISQ sample [27]. Based on the language-action per-
spective, used as kernel theory, the authors conjointly build a model and a method. They
implement their approach and use the implemented system on an example to evaluate
the approach. Beyond the system itself, the evaluation enables the corroboration of the
model and method. Knowledge development for this example, represented as succes-
sions of triplets, is illustrated in Fig. 2. Due to space limitations, we do not illustrate the
early phases of the DSR project. We use the same conventions as vom Brocke et al. [11]
to illustrate progression in projectability, fitness, and confidence. Movements between
cells in the grid of Fig. 2. materialize increase or decrease in fitness and projectability.
However,within a cell, the relative placement of the knowledge types (e.g., “Model” and
“Method”) is not meant to represent their relative fitness or projectability. The letters
before the operation names indicate their order of execution.
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Fig. 2. Triplets of dynamic knowledge: knowledge development in Abbasi et al. [27].

5 Conclusion

To represent knowledge development at a granular level, we need a detailed typology of
design knowledge, a detailed vocabulary of operations, and a representation of knowl-
edge development that relates types of design knowledge to operations, with implications
for projectability, fitness, and confidence. To this end, this paper proposes a granular view
of knowledge development in DSR by introducing and illustrating triplets of dynamic
knowledge. The triplets provide a way to capture and represent projectability, fitness,
and confidence, serving as a common vocabulary for knowledge development in DSR.
To define the triplets, we propose a detailed and unifying vocabulary of operations. The
source and target knowledge types of the operations are the most detailed ones adapted
from an extant typology of design knowledge. The possible operations from source to
target knowledge types are systematically identified.
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The contributions of this paper are the vocabulary of operations on knowledge types,
the identification of the possible operations between source and target knowledge types,
examples of triplets with indication of changes to projectability, fitness, and confidence,
and an illustration with a sample DSR project. The triplets may be used for guiding
knowledge development and for representing and accumulating design knowledge at a
more granular level than prior work. Future work will include further empirical vali-
dation on a larger sample of publications. We will investigate other triplets of dynamic
knowledge, as well as the extent to which the effect on projectability, fitness and confi-
dence is context independent. This effect appears context independent for some triplets,
and less clear for others. We will also investigate cycles in sequences of triplets.
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Abstract. Researchers are increasingly asked to engage with industry in research
projects and contribute to both practice and academia. Action Design Research
(ADR) is gaining traction in IS due to its potential to achieve this dual goal.
While the practical utility of ADR projects is obvious, the role of design science
research (DSR) in knowledge abstraction and accumulation is still unclear and
the subject of much discussion. Some scholars suggest DSR should build theory,
some that it should test theory, while others suggest that its contributions lie
elsewhere. While the elaborated ADR model of Mullarkey and Hevner (2019)
clarified the potential for artefactual contributions at different abstraction levels
throughout the research process, other types of contribution were left for further
research. Drawing on reflections from an ongoing research project using ADR,
as well as research on theorizing and DSR contributions, we present a tentative
conceptual scheme that considers both empirical, artefactual, theory building, and
theory testing opportunities in ADR. We discuss the benefits of the scheme in
identifying contribution opportunities and reflect on its utility in research design
for industrially engaged DSR.

Keywords: Design science research · Action design research · Theorizing ·
Theoretical contribution · Contribution

1 Introduction

Design Science Research has become an important research approach in IS due to its
future-orientation and its potential to make knowledge contributions that are both rigor-
ous and relevant (Hevner et al. 2004). It thus meets a need in a time where researchers
are increasingly asked to engage in research projects with industrial partners that deliver
both practical and academic contributions. As a result of this situation, several methods
for conducting industrially engaged DSR research have been introduced in recent years.
Action Design Research is one such method that focuses on real-world problem-solving
at a client by the introduction of an ensemble artefact and subsequent abstraction of the
knowledge obtained in the process (Sein et al. 2011). Intervention-based Research (IBR)
(Oliva 2019), an Action Research-inspired method originating in Operations Manage-
ment, also features real-world problem solving at a client, but focuses on the use of
traditional theory building and testing for academic contributions. Industrially engaged
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DSR projects frequently span multiple years and it can therefore be necessary for insti-
tutional reasons to publish multiple contributions during the project, such as for doctoral
students or early-career researchers. However, existing methodological work provides
little guidance on how to transform an industrially engaged DSR project into multiple
sequential knowledge contributions as the project unfolds. First steps towards providing
such guidance are provided in the elaborated ADR model of Mullarkey and Hevner
(2019) which lists potential artefactual contributions in each of their four ADR cycles
(Diagnosis, Design, Implementation, and Evolution), however, they leave howADR can
make other contributions for further research. Recent research on contributions in DSR
suggests that it has the potential to deliver many contributions in addition to artefacts and
design principles, such as design theories (Gregor and Jones 2007; Iivari 2020), practical
theories (Goldkuhl and Sjöström 2021), substantive technological theory (Iivari 2020),
and empirical contributions (Goldkuhl and Sjöström 2021).

In this paper we attempt to advance the work initiated by Mullarkey and Hevner
(2019) by synthesizing existing research on contributions in DSR with an emphasis on
theorizing and relating it to the elaborated ADR process model. Drawing on reflections
from applying ADR and attempting to plan a series of research contributions, we expand
on the potential for contribution in the four ADR cycles. As our main contributions we:
1) provide a review of perspectives on contributions in DSR; and 2) develop a conceptual
scheme for contributions in the four ADR cycles, which includes empirical, artefactual,
theory building, and theory testing opportunities.We thus add to the discussion of knowl-
edge contributions and accumulation in DSR. The overview provided by our conceptual
scheme supports future ADR researchers in research design by providing guidance in
terms of how to identify and publish valuable knowledge contributions, thereby making
it easier to achieve the dual aims of contributions to practice and research.

In the next section, we cover extant literature on industrially engaged action-oriented
DSR, theoretical contributions, and DSR contributions.We then present reflections from
ongoing ADR research, before presenting our conceptual scheme for ADR research
contributions and applying it to our research. Finally, we discuss implications for ADR
research, compare our scheme to related work, and conclude on our contribution.

2 Background

2.1 Action-Oriented Design Science Research

As applied research fields are increasingly being asked to conduct industrially engaged
research, they have developed action-oriented DSR methods that enable making both
rigorous academic and practically relevant contributions. In IS, ADR is such a method
aimed at inductively developing generalizable design knowledge by solving a specific
problem through building and evaluating ensemble artifacts in an organizational setting
(Sein et al. 2011). The main academic knowledge contributions in ADR are design
principles that describe how to produce a (general) solution that addresses a class of
problems.While theory-inspired design principles are formulated and refined throughout
the process, the publishing of the design principles is presented as taking place at the end
of the project in the Formalization stage, potentiallywith an additional contribution in the
form of a theoretical refinement to the theories used (Sein et al. 2011, p. 44). Mullarkey
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and Hevner (2019) proposed the elaborated ADR process model, which consists of four
iterative cycles each with a different purpose: 1) Diagnosis, 2) (conceptual) Design, 3)
Implementation, and 4) Evolution. Each of these cycles consists of steps inspired by
the original ADR model and produces different artefacts that has the potential to be
formalized and published as an academic knowledge contribution. The potential for and
importance of publishing the interim products of ADR is also acknowledged by Sein
and Rossi (2019) in their response to the elaborated ADR model. However, Mullarkey
and Hevner (2019) leave it for further research to integrate design theory development
and do not address other forms of contributions.

In Operations Management (OM), IBR is gaining traction as an action-oriented
DSR method. In IBR, theoretical frameworks are used to build interventions and make
predictions of their results. Anomalies are considered as potentials for modifications to
theory, while the organizational dynamics observed after intervening are framed as data
that can be used for process theorizing (Oliva 2019). Top journals in OM have come to
place less emphasis on the artefactual contribution, focusing instead on theory testing
and theory building (Chandrasekan et al. 2020). This view on theory is thus much closer
to that of Canonical Action Research (CAR) (Davison et al. 2012), with the addition of
the potential for in/abductively generating process theory.

2.2 Theoretical Contribution

Theory is concerned with improving our ability to understand phenomena and is one
of the main communication devices used to transfer knowledge in scientific discourse.
Traditionally, theory has been conceptualized as being limited to conceptual abstrac-
tions consisting of constructs, relationships, and boundary conditions, with the aim of
explanation and prediction of phenomena (Bacharach 1989). More recent discourse has
broadened the scope to include theories with different purposes and formats. Gregor
(2006) expanded the scope to include theories for analysis, theories for either predicting
or explaining, and theories for design and action. It has likewise been recognized that
theory can take different forms depending on the underlying meta-theoretical approach
selected, which will in turn focus the inquiry on particular aspects of the phenomena
(Burton-Jones et al. 2015).

While theories are generally highly regarded as a prime research outcome in IS, the
focus on theory has recently come under critique. Avison andMalaurent (2014) suggests
that we are facing a theory-fetish in IS, which prevents our field from making progress,
while Alter (2017) states that the focus on theory limits the publication of a variety of
other useful conceptual artefacts. In this paper we adopt an inclusive view of theory that
contains all five theory types by Gregor (2006).

Individual publications rarely produce a complete theory. Most theoretical contribu-
tions either advance an existing theory slightly, or take the form of interim products of
theorizing which can have an important role to play in advancing the academic discourse
(Weick 1995). Examples of interim theorizing products include conceptual frameworks,
models, and diagrams. Colquitt and Zapata-Phelan (2007) argues for distinguishing
between building theory and testing theory and present a taxonomy for categorizing
contributions based on the degree of theory building and testing present.
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2.3 DSR Contributions

While the distinguishing feature of DSR lies in artefactual contributions (Hevner 2004),
multiple authors have argued that empirical, and theoretical contributions are also pos-
sible (Ågerfalk 2021; Goldkuhl and Sjöström 2021). After artefactual contributions,
theoretical contributions in the form of Type V (design) theories (Gregor and Jones
2007) have arguably received the most attention in the DSR community. While full
design theories are not a necessary outcome of DSR, design theorizing and knowledge
abstraction, makes up an important part of a DSR contribution (Baskerville et al. 2018).
Gregor and Hevner (2013) argue for distinguishing DSR contributions based on the level
of abstraction and maturity, which ranges from instantiations over nascent design theory
to well-developed design theories. A popular (nascent) design theoretical contribution
is design principles, which are prescriptive means-end statements. Synthesizing various
formulations of prescriptive statements, Gregor et al. (2020) arrives at seven building
blocks of design principles: implementers, aim, user, context, mechanisms, enactors,
and rationale. Attempting to add clarity to the debate on design theories, Iivari (2020)
propose to distinguish between three types of design theory: theory used to derive meta-
requirements (Design Theory 1); theory used to explain why meta-requirements are
satisfied by the meta-design (Design Theory 2); and theory used to explain the effects
of the IT artefact (Design Theory 3).

In addition to design theory as contribution from DSR, several authors propose
other types of theoretical contribution. Iivari (2020) propose that DSR can contribute
by testing, refining, or proposing substantial technological theories (STT) from Bunge
(1966). STT’s are essentially applied versions of kernel theories that are close enough to
the problemcontext to guide design andgrounddesign theories. In his view,DSRcan thus
in addition to the artefact contribute with either 1) one or more types of design theory, or
2) STT. Goldkuhl and Sjöström (2021) argue that in addition to generating design theory,
DSR has the potential to contribute with both building and testing of practical theory.
Practical theory is theory that offers practical utility in the design inquiry process and can
include traditional theories, e.g., for description and explanation, as well as other tools
that are useful in problem diagnosis, planning & design, and evaluation (Goldkuhl and
Sjöström 2021). Additionally, they suggest the potential for empirical contributions by
reporting on the rich data collected and knowledge obtained as part of the design inquiry.
The varied nature of DSR contributions is also acknowledged by Drechsler and Hevner
(2018) that suggest the potential for theoretical contributions to both descriptive (type
I-IV) and prescriptive knowledge (type V) of varying maturity, in addition to concrete
instantiations. Table 1 summarizes the various viewpoints related to contributions from
DSR.
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Table 1. Viewpoints on potential contributions from DSR

Viewpoint References Description

Contribution as Artefact Hevner et al. (2004) DSR can contribute with artefacts
in the form of constructs, models,
methods, and instantiations

Contribution as Conceptual
Abstractions

Mullarkey and Hevner
(2019)

DSR can contribute with a variety
of conceptual abstractions aimed
at diagnosis, design,
implementation, and evolution

Contribution as Empirical Goldkuhl and Sjöström
(2021); Ågerfalk (2021)

DSR can contribute with rich
empirical descriptions based on
close engagement with the
problem & solution

Contribution as Theory
Testing

Oliva (2019);
Chandrasekan et al. (2020)

DSR can contribute with practical
testing of type I-IV theories

Contribution as Inductive
Process Theory-Building

Oliva (2019);
Chandrasekan et al. (2020)

DSR can contribute with
inductive building of process
theories explaining the observed
organizational transition from
pre- to post-intervention

Contribution as Practical
Theory

Goldkuhl and Sjöström
(2021)

DSR can contribute with testing,
refinement, and building of
practical theories for diagnosis,
design, and evaluation

Contribution as Substantive
Technological Theory

Iivari (2020) DSR can contribute with
development of substantive
technological theories inspired by
the artefacts

Contribution as Design
Theory

Gregor and Hevner (2013),
Iivari (2020)

DSR can contribute with design
theories that 1) theoretically
ground meta-requirements, 2)
explain why meta-design satisfies
the requirements, 3) explain the
effects of the artefact, or 4) all the
above

3 Empirical Grounding: Reflections on Ongoing ADR Research

We reflect on ADR contributions by means of an ongoing three-year research project
following the elaborated ADR model (Mullarkey and Hevner 2019), where the project
is currently halfway. The goal of the project is to develop an approach that is both fast
and scalable for development and real-life evaluation of machine learning (ML) based
IS aimed at internal process innovation. The problem setting is a large Danish manu-
facturing company that is in the process of building big data and analytical capabilities,
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but currently finds the process of development and evaluation of ML-based systems
too slow to enable rapid exploration. The research project thus sits at the intersection
of IS and Operations Management. In addition to the approach and associated design
knowledge, it was expected that the research project would deliver more traditional
contributions to existing relevant academic knowledge bases. Three knowledge bases
were identified in an initial research design phase and used to theoretically ground and
frame the project: business process management, enterprise architecture, and dynamic
capabilities. However, it was at this stage unclear what the nature of these contributions
would be.

The main artefactual outcome of the research project is the approach, which includes
a high-level design process, as well as design principles, suggested architectures for the
different layers of the IS, and one ormore instantiations of the approach presenting proof-
by-construction. Following the conceptual artefacts presented byMullarkey and Hevner
(2019), this would amount to one or more systems (the ML-based IS), and one process
(the approach), and several design and diagnosis artefacts. In addition, the combination
of architectures, constructs, and design principles is a form of nascent design theory
(Gregor and Hevner 2013). Table 2 showcases the expected outputs from the research
project (in bold) mapped to the range of potential artefacts listed by Mullarkey and
Hevner (2019).

Table 2. Potential contributions by ADR cycle according to Mullarkey and Hevner (2019) with
the expected artefactual contributions of our research project in bold.

Stage Diagnosis Design Implementation Evolution

Contribution Conceptualization
of Problem and/or
Solution,
Requirements
Definition,
Technical
Specification,
Assessment of
Existing Tools,
Critical Success
Factors
Nascent Design
Theory

Design Features
Design Principles
Models
Architectures
Implementation
Methods
Constructs
Nascent Design
Theory

Systems
Algorithms
Programs
Databases
Processes
Nascent Design
Theory

Modification to
any of the
previous
artefacts
Nascent Design
Theory

Engaging with the literature in one of the iterations of the Diagnosis phase led to
the research area of big data analytics (BDA) capabilities. While some progress was
made on conceptualization of BDA capabilities, empirical research was scarce, and
theory related to their evolution and value creation mechanisms was nascent. This led
us to the realization that our close collaboration with our industrial partner and the
embeddedness of the main author presented us with the opportunity to contribute to this
debate through rich empirical descriptions or early theoretical contributions. Where and
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how these contribution opportunities fit with the ADR process was not evident, and thus
following Sein et al. (2011), our early research designs envisaged them as taking place at
the end of the project, after design, evaluation, and further data collection was finished.

4 A Conceptual Scheme for ADR Contributions

Our research design evolved as the Diagnosis and Design phases unfolded based on
engagement with the problem context and DSR literature. Recent contributions on the
role of theory in DSR made it evident that empirical and theoretical contributions do not
have to be add-ons at the end of the research project. Instead, they can take place during
the project, after one or more iterations of one of the four cycles. The iterative process of
rethinkingour researchdesign ledus to reflect on the learningsweachieved in the process.
Figure 1 shows our updated conceptualization of the role of theory in ADR, where each
iteration of an ADR cycle provides the opportunity to engage in both theory testing, as
emphasized in IBR and CAR, and theory building, for a variety of theory types. In the
Problem Formulation/Planning stage, the problem and solution are grounded in existing
knowledge. Practical theories can aid understanding and assessment of the situation, and
design theories can be deductively developed using kernel or substantive technological
theories. These theories present the theoretical framework used in the design of artefacts,
as per the Theory-ingrained artefact principle, and the design will thus contain theory-
driven hypotheses. These hypotheses are tested through Evaluation where the designed
artefacts are introduced into the existing situation, bringing about change, and a new
situation. Depending on whether the new situation matches our expected situation, the
hypotheses are corroborated or falsified. During both stages, practical theories can be
used to inform or shape artefact creation and evaluation. In terms of inductive theorizing,
rich data is collected on the existing situation in the Problem Formulation/Planning
stage, on the development of the artefact in Artifact Creation, and on the performance of
the artefact in Evaluation, using methods such as participative observation, interviews,
process performance measurements, etc. As a result, once reaching the Reflection stage,
the researchers(s) have the results of their hypotheses tests as well as a rich empirical
database that can serve as the foundation for a theoretical contribution.

While there is potential for both empirical contributions, and inductive and deductive
theoretical contributions in all the four cycles, the nature of the contributions will differ
for each cycle due to differences in content, aim, methods, and the existing theories
employed. Table 3 shows our conceptual scheme, which provides an overview of the
roles of theory in each of the four stages and the potentials for contribution.

In the Diagnosis phase, rich empirical data on the problem situation and context
is collected using, e.g., interviews, participative observation, document analysis, etc.
This rich empirical data, if the context or problem is novel and interesting, can with
good narrative be turned into an empirical contribution, which might inspire future type
IV and type V theorizing. To structure the data collection and obtain understanding of
the often-complex situation, existing practical theories and type I-IV theories can be
used. By combining one or more theories, a theoretical or conceptual framework can
be constructed, which can serve to produce artefacts in the form of conceptualizations
of the problem and the solution space. Confronting the theoretical framework with the
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Fig. 1. Role of theoretical framework and artefacts (in blue) in ADR. Inspired by (Oliva 2019).

organizational situation allows for testing the practical validity of these theories in terms
of their ability to understand and explain the problem and solution space, e.g., as assessed
by practitioners. Adjustments to practical theories based onReflection or development of
novel ones can serve as potential contributions if formalized. Even if the practical theory
proves useful without modification, reporting the test result can still make a theoretical
contribution if the context of use extends the current boundaries of the theory. Kernel
theory can also be used to generate theory-based Requirements, through the conversion
to STT, thus constituting theorizing for a Design Theory 1 (Iivari 2020).

In the Design phase, rich empirical data on the conceptual design process, such as
actions, events, and the evolving design is collected. While this data can serve as an
important foundation for theorizing about the design process, it is perhaps less useful as
an empirical contribution on its own, unless some aspect of the design process followed
was particularly novel or surprising. In this phase, kernel theory can be used in theo-
rizing for a Design Theory 2 (Iivari 2020), which explains why the design satisfies the
requirements, and a Design Theory 3, which explains the effects that the introduction
of the designed artefact into the problem context will produce. In both cases, the kernel
theory will likely need to be translated to a STT to be concrete enough for design theory
derivation. The design in this case can consists of all the six artefacts listed byMullarkey
and Hevner (2019). Practical theories might be used as a source of inspiration or for the
generation of constructs, as well as serving as guidance in assessing the value of different
design options (Goldkuhl and Sjöström 2021).

In the Implementation phase, an instantiation of the ensemble artifact is tested out in
the organizational context thus providing the first in-situ evaluation of the instantiation,
but also the problem framing, theoretical framework, and the conceptual design. Due
to the emergent nature of the artefacts and the often-complex nature of the problem
situation, it is likely that modifications are needed to one or more of the above elements.
If detailed data is collected on the outcome of the implementation, this can serve as
the foundation for Type I-IV theorizing. As an example, focusing data collection on
the dynamics of the environment after introduction of the artefact can enable inductive
process theorizing, as emphasized in IBR.
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Table 3. Scheme for potential contributions in each of the four ADR cycles. Potential contribu-
tions are shown by either ‘X’ or elaborating text.

Potential contribution Diagnosis Design Implementation Evolution

Theory Building

Design Theory Hypothesis,
Propositions

In-/Abductive Building

STT Hypothesis,
Propositions

In-/Abductive Building

Type I-IV Theorizing
Products

Theorizing Products,
In-/Abductive Building

Practical Theory Theorizing
Products, Theory
Modifications

Theorizing Products,
Theory Modifications,
In-/Abductive Building

Theory Testing

Design Theory X X

STT X X

Type I-IV X X X

Practical Theory X X X X

Non-theory

Rich Empirical Descriptions X X X X

Artefacts (see Mullarkey and Hevner 2019) X X X X

In the Evolution phase, rich empirical data can be collected on the evolution of the
artefact and its environment as the ensemble artefact emerges from continual interaction
and redesign (Sein et al. 2011). This data can be used for inductively theorizing about the
evolution of this class of solutions and its effects on the environment. Each evaluation
in the Evolution phase is thus a repeated test of any unmodified ingrained theories and
new tests of any changes to the theoretical framework and provides the opportunity for
revision to any of the previous artefacts developed or theories used.

4.1 Application for Research Design

To demonstrate the utility of our conceptual scheme, we present the results of applying
it in our project for research design. The theoretical framework we arrived at for our
case through multiple iterations in Diagnosis and Design can be seen in Table 4.

Engaging with the conceptual scheme in our current iteration of research design, we
identified five potential publications, with one of them optional (#4) pending results of
testing the practical theories in the first three cycles. Our identified contributions range
from practical theorizing, through conceptual design theorizing, to testing of practical
and design theory, and finally a case study featuring a rich empirical description and
nascent inductive theorizing for BDAC, see Table 5.
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Table 4. Overview of the theoretical framework in our project, categorized by role.

Role of Theory Theoretical Framework Components

Practical Theories Business Process Management, Work Systems Theory, Enterprise
Architecture

Kernel Theories Dynamic capabilities, Digital Infrastructure, Process Innovation,
Technology Innovation, Big Data Analytics capabilities (BDAC)

Design Knowledge Architecture & Development Processes (Software Engineering &
Machine Learning), Explorative Process Prototyping

Table 5. Application of the scheme for research & publication design in our case.

Cycle Publication Number & Nature of Contribution

Diagnosis #1: Type I Practical Theorizing + Design Theory 1 Theorizing

Design #2: Models, Architectures + Design Theory 2 & 3 Theorizing

Implementation #3: Instantiated Approach + Tested Design Principles
#4: BPM/EA Testing & Modification – if justified

Evolution #5: Case Study + Nascent Type IV Theorizing for BDAC

5 Discussion

Our conceptual scheme provides a synthesis of different opportunities for contribution
in ADR and relate them to the elaborated ADR model and IBR. We see the conceptual
scheme as a useful tool for research design, where it can be used as a basis for exploring
potential publication strategies. This is particularly relevant for early-stage researchers,
who often need to publish several contributions during a multi-year research project.
Fromour conceptualization of contribution in Fig. 1 and as exemplified in our application
of the scheme, the feasibility ofmaking certain research contributions in ADR depend on
1) the results obtained by interaction with the context, and 2) the theoretical framework
andmethods employed. The research design and publication strategywill thus have to be
revisited as the research process unfolds, but when this should happen is not addressed
in the elaborated ADR model. We found that doctoral practicalities required us to make
an initial design before starting ADR and revisiting it periodically.

Compared to previous work on conceptualization of contributions in DSR, we focus
on the temporal aspect of the potential for contribution. Compared to the conceptual-
ization of Dreschler and Hevner (2018), we expand on the potential for contribution to
descriptive knowledgebydistinguishingbetweenpractical theory, kernel theory, and sub-
stantive technological theories and emphasize the potential for empirical contributions.
Compared to Maedche et al. (2021) our conceptualization suggests that it is possible
for the research to be classified in different quadrants at different points of the research
project, e.g., making observation-based descriptive statements in the Diagnosis stage,
and in later stages contributing with creation-based prescriptive statements.
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In line with Iivari (2020), we found that it was difficult to distinguish between
artefactual and theoretical contributions, particularly when considering the abstraction
principle of Mullarkey and Hevner (2019). This was the case for both practical theo-
ries and design theories. As examples, take the problem conceptualization artefact of
Mullarkey and Hevner (2019) and a practical diagnostic theory as introduced in Gold-
kuhl and Sjöström (2021), or design principles vs. design theory. We thus believe that
the DSR community stands to gain from further rigor in the discussion of contributions.

6 Conclusion

We present a conceptual scheme for potential research contributions in ADR based on
a synthesis of extant literature on theorizing and contributions in DSR. We show that
ADR projects have the potential to make empirical, theoretical, and artefactual con-
tributions in each of the cycles of Diagnosis, Design, Implementation, and Evolution.
We thus highlight the potential for mixed configurations of contributions throughout a
DSR project. Our conceptual scheme supports industrially engaged DSR researchers in
research design andpublication planning, by providing an overviewof the space of poten-
tial contributions. This should prove especially useful for early-stage researchers, who
must deliver multiple publications during their industrially engaged research projects.
The conceptual scheme we propose is only a first step towards a thorough understanding
of the theorizing potential in ADR. Further research should identify exemplars of the
contribution opportunities, although a challenge here is that not all ADR-based contri-
butions are likely to be advertised as such. In addition, how to best integrate research
design activities with the elaborated ADR model remains an open question.
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Abstract. The increasing sophistication and interconnectivity of digital systems
creates vast possibilities for designers and design teams, provided they have the
necessary tools, structures, and knowledge. This means designers must develop
collaborative processes and systems that allow them to harness insights from a
range of actors, such as technology specialists, artists, managers, and of course,
the intended users. These new possibilities enable and require strong interaction
with transdisciplinary design research to better model how these new ways and
means can relate to improved generativity and resilience of design - or under-
stand the risk of impeding them. These new possibilities raise new questions for
design methods, procedures, supporting tools, and design theory (e.g., C-K
theory, axiomatic design, situational method, etc.). This track invites research
on the designers and teams that can effectively navigate these challenges, as well
as the processes and/or systems that they can use. It invites participants to link
empirical works with theoretical approaches.

Keywords: Collaborative DSR ∙ Designer behaviors

1 Designers Collaboration in Transdisciplinary Design

The increasing sophistication and interconnectivity of digital systems creates vast
possibilities for designers and design teams, provided they have the necessary tools,
structures, and knowledge. This means designers must develop collaborative processes
and systems that allow them to harness insights from a range of actors, such as
technology specialists, artists, managers, and of course, the intended users. Integrating
insights from such a wide range of actors requires that designers can switch between
communication and development modes, and find creative ways to balance contrasting
design priorities.

For this reason, these new collaborative processes and systems are well suited to
transdisciplinary design research approaches. These approaches encourage teams to
explore emerging possibilities that may improve the generativity and resilience of their
designs - or better understand the risks and impediments. It also encourages design
teams to tackle larger issues that require multifaceted social and technical problema-
tization and complex dynamic design solutions.



These new possibilities raise questions for established design methods, procedures,
supporting tools, and design theory (e.g., C-K theory, axiomatic design, situational
method, etc.). They challenge not only the disciplinary logics of these methods, pro-
cedures, tools, and theories; they also challenge their ability to rely on any one logic.
Instead, they require an assemblage of logics to manage the assemblages of social and
technical elements.

2 Bridging the Transdisciplinary Chasm

This track presents three papers that illustrate this combination of transdisciplinary
approaches and dynamic design solutions. More importantly, they show how designers
and teams can effectively navigate these challenges, as well as the processes and/or
systems that they can use. The first paper, authored by Stefan Cronholm and Hannes
Göbel, seeks to bridge the gap between academia and industry in pursuing a trans-
disciplinary Action Design Research (ADR). Their collaboration model addresses three
challenges: researcher intervention in practitioner contexts, reciprocal shaping between
artifacts and design principles emerged from theory and practice, and researcher and
practitioner learning.

On the other hand, the other two papers highlight the importance of accumulating
design knowledge through all phases of DSR. Any DSR projects, especially trans-
disciplinary ones, draw on domain-specific knowledge from multiple disciplines and
sectors. Stakeholders must be able to absorb the knowledge, and future transdisci-
plinary projects should also benefit from the design knowledge. Ernestine Dickhaut,
Andreas Janson, and Jan Marco Leimeister analyzed the ongoing practices within the
DSR community in codifying and accumulating design knowledge. Based on their
analysis, they derive five implications for future transdisciplinary DSR. Oscar Diaz,
John Venable, and Xabier Garmendia put forward a model of design knowledge
appropriation. In this model, design knowledge appropriation is viewed as a peer-to-
peer journey.

All three papers address timely and relevant issues for promoting transdisciplinary
DSR. They have their own unique contributions as single papers, but their combined
contributions have even greater potential to pave the paths toward a knowledge view of
transdisciplinary design collaboration. We thank our transdisciplinary reviewers for
their critical and developmental comments. Their transdisciplinary knowledge has
indeed helped to carve out the contributions of each paper.
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Abstract. One essential characteristic of the Action Design Research (ADR)
method is researcher-practitioner collaboration (RPC). The purpose of this paper
is to present theoretical models for RPC collaboration in ADR projects. The mod-
els involve conditions, actions, and consequences concerning RPC challenges. A
grounded theory approach was applied to identify the RPC challenges. The chal-
lengeswere identified in a collaborativeADRproject consisting of four researchers
and nine organizations from the industry sector. The identifiedmain challenges are:
researcher intervention in practitioner contexts, reciprocal shaping between arti-
facts and design principles emerged from theory and practice, and researcher and
practitioner learning. The contribution to practice, which consists of future ADR
projects involving collaboration between researchers and practitioners, involves
specific actions to be taken.

Keywords: Action-design research · ADR · Researcher-practitioner
collaboration · Collaboration · Design science research

1 Introduction

Design science research (DSR) is established as a widely accepted research approach in
Information Systems (IS) (e.g., Gregor andHevner 2013; Vaishnavi andKuechler 2015).
This fact has created a need for DSR methods (Cronholm and Göbel 2019). One well-
cited research method within DSR is Action Design Research (ADR) (Sein et al. 2011).
One main characteristic of the ADR method is to respond to the dual mission of making
theoretical contributions and assisting in solving the problems of practitioners (e.g., Sein
et al. 2011). Moreover, Sein et al. (2011, p. 43) emphasize that “researchers bring their
knowledge of theory and technological advances, while the practitioners bring practical
hypotheses and knowledge of organizational work practices”. This collaborative aspect
of the ADRmethod aims to increase the organizational relevance of the designed artifact
and to encourage interaction between researchers and practitioners. The targeting of
practitioners and the practitioners’ organizations means that several scholars regard
the ADR method as a collaborative researcher-practitioner approach (e.g., Petersson
and Lundberg 2016; Haj-Bolouri et al. 2018; Göbel and Cronholm 2016; Henriques
and O’Neill 2021).

As RPC is presented as a central dimension of the ADR method, it is surprising that
the support forRPConly consists of a fewsentences such as “Deciding the roles and scope
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for practitioner participation” and “A critical element is securing long-term commitment
from the participating organization(s)” (Sein et al., p.40). The cooperative aspect of the
ADR method requires guidance on researcher-practitioner collaboration (RPC) when
it is used in research projects (Haj-Bolouri et al. 2018). Henriques and O’Neill (2021)
state that RPC collaboration is paramount in design-oriented projects (such as research
projects guided by theADRmethod) in order to find the best solutions for socio-technical
problems and that additional methods and approaches are required and welcome. In this
paper, we refer to research projects guided by the ADR method as ADR projects. Based
on our analysis of a collaborative ADR project, which we in this paper refer to as the
ADR project, we argue that the guidance concerning collaboration in the ADR method
primarily responds to the question “why” and not “how” to collaborate (see Sect. 5).
This means that there is a lack of prescriptive guidance on RPC. Therefore, the aim of
this study is to present theoretical models for RPC collaboration in ADR projects. These
models correspond to the theoretical contribution, and they involve relationships between
conditions for challenges, actions taken to address challenges, and consequences of
actions taken. In this study, we define a challenge as something that is regarded, either
by researchers or practitioners, as a threat to successful collaboration. The contribution
to practice, which are future ADR projects involving collaboration between researchers
and practitioners, consists of specific actions that can be taken. Our research question
reads: what RPC challenges can be identified in ADR projects?

Understanding issues related to RPC is a critical aspect of project planning, artifact
design and evaluation, and learning. Therefore, we have analyzed an empirical research
project guided by the ADRmethod. In the following section, we will present a literature
review concerning RPC. Next, we will briefly describe the ADR method and the ADR
project. After that, the research design is presented. Then, we will present our findings
and theoretical models. Finally, conclusions will be drawn.

2 Literature Review

In order to find existing knowledge on RPC within ADR projects, we searched the
Scopus database, which is the largest within information systems (IS). The keywords
used were “Action Design Research” and “Researcher-Practitioner Collaboration”. The
search returned only six articles. Out of these six articles, three neither discussed collab-
oration nor ADR-projects, one reflected upon researcher-industry collaboration but not
in ADR projects, and two involved reflections on researcher-practitioner collaboration
in ADR projects. Therefore, we expanded our literature search to include backward ref-
erence searching, which meant that we reviewed relevant articles cited in the returned
articles (i.e., snowball sampling, e.g., Naderifar et al. 2017). This expansion resulted in
one more relevant article. The three articles that present knowledge about RPC in ADR
projects are presented below.

Matzner et al. (2018) have suggested a conceptual framework for joint research
projects. The framework can be regarded as an extension of ADR, and it involves
both researchers’ and business partners’ interests. Moreover, the framework consists
of a straightforward process involving the following phases: formulation of research
needs, societal goals, political goals; formulations of research and business goals, design;
analysis; development; full launch; and formulation of research and business outcomes.
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Haj-Bolouri et al. (2018, p.11) present findings concerning how scholars engagewith
and use theADRmethod. They have specifically identified three fundamental challenges
concerning researcher-practitioner collaboration: (1) how to balance the competing inter-
ests of the organizational stakeholders with the interests of a research community; (2)
how to balance the situated implementation of the designed IT-artifact for the practi-
tioner needs against the research need of produce generalizable knowledge; and (3) how
to balance the findings between specific and generalizable research outcomes.

Otto and Österle (2012) have identified principles for knowledge creation in collabo-
rativeDSR projects. The principles are developed for DSR in general and not specifically
for ADR projects. However, we regard the ADR method as a part of the superior DSR
concept. Otto and Österle (2012) state that collaborative forms of DSR require that
knowledge be created across the boundaries of the research community and the prac-
titioners’ community. The main findings are six principles for knowledge creation in
collaborative DSR: formalize shared goals, conduct full learning cycles, allow trial and
error, make significant commitments, and involve complementary roles.

Based on the literature review, we can conclude that only a few articles present find-
ings from RPC in ADR projects. Consequently, there is limited knowledge. In order
to synthesize the literature review, we can conclude that only one of the articles is
based on primary data while the others have collected data from other ADR researchers
by using interviews or surveys. Another insight is that all the articles have developed
models, principles, or challenges concerning RPC. Furthermore, the type of knowledge
developed in the articles varies between descriptive, normative, and prescriptive. Never-
theless, we considered the identified articles as valuable input to our study. Our literature
review can be criticized for being too limited. The reason for not involving other DSR
approaches/methods such as Hevner et al. (2004) and Peffers et al. (2007) is that they
are not explicitly stating that DSR is a collaborative researcher-practitioner approach.
We argue that RPC is an essential quality of the ADR method, which can be derived
from its recommendation to intervene in organizational contexts.

3 The RPC Project and the ADR Project

The purpose of the analyzed ADR project was to develop design principles and tools
supporting organizations in their utilization of data to improve digital services. The
ADR project involved four researchers and nine organizations in Sweden. The project
was conducted over a period of three years. The industry sectors that the organizations
represented were the automobile industry, telecommunications, and IT. The researchers
consisted of two professors and two PhD students from the field of IS. The touch-
points between researchers and practitioners consisted of: a) project meetings, b) work-
shops including all the researchers and practitioners, and c) individual meetings between
researchers and organizations.

The ADR project was guided by the ADRmethod. One purpose of the ADRmethod
is to provide guidance for the building of artifacts shaped by the organizational con-
text during development and use. The ADR method consists of four stages which are:
(a) Problem Formulation (identify and conceptualize research opportunities based on
existing theories and technologies), (b) Building, Intervention, and Evaluation (design
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and evaluate the artifact and articulate the design principles; (c) Reflection and Learning
(move conceptually from building a solution for a particular instance to applying that
learning to a broader class of problems), and (d) Formalization of Learning (formulate
general solution concepts). Due to lack of space, we refer to Sein et al. (2011) for a
detailed description of the ADR method.

At the end of the ADR project when several RPC challenges were addressed, we
realized that it provided an excellent opportunity to analyze RPC. This meant that we
identified RPC challenges in parallel with the fulfillment of the objectives of the ADR
project. The ADR reasons for selecting this ADR project for analyzing RPC were: a) it
consisted of frequent interactions between researchers and practitioners, b) it provided
access to organizational settings and c) it provided access to rich data from intervention in
nine organizations. The RPC challenges were identified and analyzed by two researchers
who also participated in the ADR project. In this paper, we focus on the RPC challenges
and actions taken to address the challenges.

4 Research Method

We applied the Grounded Theory Method (GTM) in order to identify and analyze
RPC challenges. GTM is a qualitative research method that seeks to develop a the-
ory grounded in systematically gathered and analyzed data (Goldkuhl and Cronholm
2019). Urquhart et al. (2010) state that GTM “… has proved to be extremely useful in
developing context-based, process-oriented descriptions and explanations of information
systems phenomena” (p. 358).

Strauss and Corbin (1998) distinguish between three coding steps in the use of GTM:
(1) open coding, which is aimed at formulating categories based on analysis of concepts
and attributes (i.e., circumstances in ADR project and actions taken), (2) axial cod-
ing, which is aimed at identifying relationships between categories and sub-categories
in order to provide more complete explanations (i.e., relating specific circumstances
to specific actions), (3) selective coding, which is aimed at integrating categories and
refining theory (i.e., identifying the overall theme of this study). These three coding
steps overlap and should not be interpreted as strictly sequential. During the steps, we
analyzed: (a) notes taken from discussions among the researchers and practitioners dur-
ing project meetings and workshops, (b) collaborative actions taken, and (c) project
documentation. According to Strauss and Corbin (1998), identified categories could be
logically structured according to an action-oriented paradigm consisting of three inter-
related meta-categories: conditions, actions, and consequences. A condition defines a
specific circumstance (e.g., a condition for a challenge to appear), an action/interaction
describes something that occurs under particular circumstances (e.g., an action taken to
address the challenge), and a consequence is a result that is dependent on the conditions
and actions/interactions (e.g., consequences of the action taken to address the challenge).
The use of meta-categories resulted in relationships between the categories, which were
utilized when creating theoretical models.
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5 Main Challenges

We have identified three main challenges in the ADR Project: researcher intervention in
practitioner contexts, reciprocal shaping between reciprocal shaping between artifacts
and design principles emerged from theory and practice, and researcher and practitioner
learning. The formulation of the three main challenges is a result of integrating smaller
units (sub-categories) into larger units (main categories). The description of each main
challenge follows the order of the meta-categories. Each main challenge commences
with a description of the conditions for the challenge identified in the ADR project,
statements identified in the ADR method that are supposed to support ADR projects to
manage the challenge, and explanations for why the ADR project is considered the ADR
statements to be insufficient. After that, we present the actions undertaken in the ADR
project to address the challenge. These actions were based on creative problem-solving
discussions among researchers and practitioners in the ADR project and, to some extent,
on guidance from the ADR method. Finally, we present the consequences of the action
taken.

5.1 Challenge 1: Researcher Intervention in Practitioner Contexts

Conditions: Intervention is a core concept in the ADR method. Sein et al. (2011) state
that learning from organizational contexts is imperative and requires comprehensive
intervention in organizational settings. Moreover, Sein et al. (2011) argue that the ADR
method simultaneously supports the building of innovative IT artifacts in an organiza-
tional context and learning from the intervention while addressing a problematic situa-
tion. These statements inform about, in an excellent way, why intervention is essential.
Unfortunately, the ADR method does not inform about how intervention can be orga-
nized in ADR projects. In the ADR project, the intervention in organizational contexts
consisted of evaluations of the tools for data utilization. Our analysis of the ADR project
identified that the following actions were taken to support researcher intervention in
practitioner contexts:

Action 1: Creation of a Researcher-practitioner Agreement. The ADR project formu-
lated a researcher-practitioner agreement, which became the basis for a shared under-
standing of the purpose of the project. The agreement defined the roles and respon-
sibilities of the researchers and the practitioners. Moreover, the agreement specified
that evaluations of the tools for data utilization should be conducted in organizational
contexts.

Action 2: Collaborative Planning of Intervention. In the ADR project, the researchers
and practitioners planned all activities related to the intervention. This meant that project
goals, activities, and schedules were jointly formulated. In order to fulfill the project
goals, the ADR project was staffed by competencies of the researchers and the organiza-
tions that were of equal importance. The researchers contributed theoretical, methodical,
and technical knowledge, while the practitioners contributed with organizational and
technical knowledge.
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Action 3: Viewing Intervention as a Tool for Moving from the Specific to the Generic.
Sein et al. (2011) explicitly suggest a move from the specific-and-unique to generic-and-
abstract. Moreover, they describe three levels for this conceptual move: 1) generalization
of the problem instance, 2) generalization of the solution instance, and 3) derivation of
design principles from the project results. This means that the generalization of knowl-
edge is a crucial component of the ADR method. In the ADR project, the intervention
activities were regarded as a critical part of the generalization process since the purpose
was to collect contextual data used for generalization in the forthcoming ADR-stage
“Reflection and learning”.

Consequences: The consequences of the actions taken supported the engagement of the
practitioners and their input throughout the ADR project. For example, the researcher-
practitioner agreement,which explicitly defined the expectations of eachprojectmember,
provided transparency and reduced vagueness. Moreover, the collaborative planning of
intervention activities increased the incentives and motivation among the practitioners.
It also strengthened the convergence of shared interests between the researcher and
practitioners. Furthermore, the collection of contextual data was imperative in order
to grasp each organization’s contextual characteristics. The ADR project used these
characteristics to generalize the solution instance (the tools for data utilization). The
fact that intervention was regarded as an essential part of generalization created a better
understanding of the ADR project as a research project.

Another identified consequence was that trust steadily increased between the
researchers and practitioners due to the collaborative planning and their willingness
to share valuable knowledge. We also identified that practitioners shared information
between themselves and that this openness contributed to trust. A high level of trust was
necessary since the researchers and the practitioners were dependent on each other’s
inputs and efforts. The fact that the ADR project jointly designed and conducted inter-
ventions resulted in the researchers and practitioners continuously investing resources
in the ADR project.

Our findings are supported by two statements from the practitioners which supported
the consequences of the actions taken: “The project plan that included a description of the
responsibilities of both parties made the expectations of each other more transparent”
and “We appreciated the opportunity to evaluate the tool in our organization since it
meant that we had a real impact on the development”.

5.2 Challenge 2: Reciprocal Shaping Between Artifacts and Design Principles
Emerged from Theory and Practice

Conditions: The second main challenge concerned the reciprocal shaping between the
tools for data utilization (the artifacts) and the design principles. Reciprocity can be
understood as a relationship of mutual dependence, action, or influence, and a mutual or
cooperative interchange of favors between two parts (Gouldner 1960). One fundamental
advice of the ADR method is to respond to the dual mission of making theoretical
contributions and assisting in solving the problems of practitioners (e.g., Sein et al.
2011). However, theADRproject found that theADRmethod does not provide sufficient
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support concerning the dual mission. This was experienced as problematic since the
primary interest of the researchers was to create general design knowledge about the
development of tools for data utilization, while the primary interest of the practitioners
was to develop tools that could help them exploit data to improve their services offered to
customers. Inevitably, there were competing interests in the ADR project. Our analysis
of the ADR project identified that the following action was taken to support the dual
mission:

Action: Capitalizing on the Mutual Interests of Researchers and Practitioners. The
ADR project discovered a mutual dependency between the development of the tools
and design principles. The iterative development of the design principles followed the
iterative development of the tools for data utilization. This meant that the feedback from
evaluations conducted in the practitioners’ organizations affected the design of the tools
for data utilization and provided valuable knowledge to refine the design principles. The
researchers and practitioners utilized this dependency for reciprocal shaping between the
evolving tools and emerging design principles. Moreover, the evaluations also resulted
in new needs for consulting theory, which the researchers did. This meant that both the
formulation of the design principles and the development of the tools for data utilization
were based on theoretical insights and empirical evidence. Our analysis of the reciprocal
shaping is illustrated in Fig. 1.

Design 
principles

Tools 
(artifacts)

Theory

Evaluation 
sessions

governed the design of 

evaluation platform for

insights insights

empirical 
evidence

empirical 
evidence

Fig. 1. Reciprocal shaping of design principles and the tools for data utilization.

The reciprocal shaping involved:

• The development of the tools was guided by the design principles that emerged during
the iterations. This meant that the tools provided a platform for the evaluation of the
design principles.

• The development of the design principles was guided by empirical feedback from the
use of the tools. This meant that the advances of the design principles were used to
shape the tools.

Consequences: The researchers and practitioners experienced an increased understand-
ing of each other’s interests. For example, shared insights were developed concerning
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the dependencies between the development of the design principles and the tools. These
shared insights increased the acceptance towards solving both the scientific problem and
the problem that existed in practice. A quote from one of the practitioners reads: “In the
beginning of the project we were interested in tools for data utilization, but now we are
equally interested in the design principles”.

5.3 Challenge 3: Researcher and Practitioner Learning

Conditions: The third identified main challenge was how to enable learning for both
researcher and practitioners. Sein et al. (2011, p. 44) state that “the reflection and learning
stage moves conceptually from building a solution for a particular instance to applying
that learning to a broader class of problems”.Moreover, Sein et al. (2011, p. 44) state that
“Conscious reflection on the problem framing, the theories chosen, and the emerging
ensemble is critical to ensure that contributions to knowledge are identified”. These
statements are focusing on learning that concerns the researchers. TheADRproject could
not find much guidance in the ADR method that addresses learning for practitioners. In
order to support commitment and motivation, the ADR project was organized to support
learning for both researchers and practitioners.

Action 1: Joint Formulation of Individual and Shared Learning Outcomes. The ADR
project recognized that there existed both individual and shared interests between the
researchers and the practitioners. Based on this insight, the ADR project organized
joint workshops that aimed to identify relationships between project goals and learning
outcomes.

Action 2: Implementation of Mechanisms for Promoting Learning. The ADR project
also implemented mechanisms for promoting learning. The ADR project organized two
learning arenas: A) Dyadic researcher-practitioner meetings. One dyadic meeting meant
that 1–2 researchers interacted with one organization (2–3 practitioners) at a time to
jointly reflect on how the goals and learning outcomes were fulfilled in specific organi-
zational contexts. B)Multi-organizational workshops. Amulti-organizational workshop
involved all the nine organizations and the researchers. The purpose was to implement
a mechanism that promoted learning on a higher generalization level which involved
the overall project goals and learning outcomes. Finally, the companies were invited to
present learning outcomes at several occasions.

Action 3: Joint Formalization of Learning. This action aimed to enable the integra-
tion of both researcher and practitioner aspects in written and oral communication of
project results. The formalization of learning involved a) joint publishing of scientific
papers, b) joint publishing of technical papers addressing practitioner fora, and c) joint
presentations of project results to the practitioners’ organizations.

Consequences: One consequence of the dyadic researcher-practitioner meetings
resulted inmutual learning among researchers and practitioners. The researchers learned
from the practitioners’ application of the tools in their organizational contexts, and the
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practitioners learned how the tools could support them to improve services offered to
customers. However, the learning from the dyadic meetings was highly contextual.

Another consequence regarding the multi-organizational workshops was that they
supported the generalization of contextual knowledge gained from the dyadic meetings.
As mentioned above, contextual results were used as input to “move from the specific-
and-unique to generic-and-abstract”. The involvement of all the organizations in the
multi-organizational workshops also meant that they learned from each other by shar-
ing business knowledge. This learning included new knowledge on service strategies,
processes based on data analysis, customer relationship management, and new ideas for
services that could be offered. A quote from one of the practitioners reads: “One reason
to participate in the project is to interact and learn from other organizations”.

6 Theoretical Models

Glaser and Strauss (2017) state that a substantive theory emerges from the conceptual
categories grounded in the data. A substantive theory is developed for a real empirical
domain, which in our case is collaborative ADR projects. In order to present a substan-
tive theory for RPC challenges in ADR projects, we have developed four theoretical
models. As mentioned in Sect. 4, the structure of the theoretical models followed the
action-oriented paradigm consisting of three meta-categories: conditions, actions, and
consequences (see Fig. 2, 3, 4 and 5).

In order to explain how to interpret the models, we provide an example. The exam-
ple is from Fig. 4 describing the challenge “Reciprocal shaping between artifacts and
design principles emerged from theory and practice”: a) the conditions inform about
existing circumstances (e.g., competing interests), b) the actions taken inform about
what arrangements can be made to address the challenges (e.g., creation of a research
design that allowed for reciprocal shaping of the artifact and design principles), and
c) the consequences inform about what happened when the actions were taken (e.g.,
researchers and practitioners experienced an increased understanding of each other’s
interests).

In the next step, we identified the overarching category that integrated the three
challenges. The overarching category was formulated as follows: RPC challenges in
ADR projects, which corresponds to the central theme of our study (see Fig. 5). Our
analysis of the main challenges resulted in that the first one, “Researcher intervention
in practitioner contexts”, was regarded as a condition for the other two main challenges
since it constitutes a crucial point of departure for RPC. The second main category,
“Reciprocal shaping between artifacts and design principles emerged from theory and
practice”, is regarded as an action/interaction since it constitutes a primary concern
for RPC and is affected by the main challenge “Researcher intervention in practitioner
contexts”. The third main challenge, “Researcher and practitioner learning”, is consid-
ered a consequence since the likelihood of learning will increase if the first and second
main challenges are addressed. Vice versa, learning will probably be obstructed if ADR
projects fail to manage the first and second main challenges. Finally, we checked logical
errors in order to ensure consistency and coherency within and between the models.
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Conditions:
- Recommendations for 

organizational 
intervention 

- Insufficient method 
support

Actions taken: 
- Creation of an researcher-practitioner 

agreement 
- Collaborative planning of intervention
- Viewing intervention as a tool for 

moving from the specific to the generic

Consequences:
- Transparent expectations of the 

project members’ input
- Commitments for collaboration
- Contextual insights for generalization
- Increased trust

Fig. 2. Model for researcher intervention in practitioner contexts.

Conditions: 
- Competing interests
- Recommendations to respond 

to ”the dual mission”
- Insufficient method support

Actions taken:
- Capitalizing on the 

mutual interests of 
researchers and 
practitioners

Consequences:
- Increased understanding of each 

other’s interests.
- Increased acceptance from 

practitioners regarding the dual 
mission

Fig. 3. Model for reciprocal shaping between artifacts and design principles emerged from theory
and practice.

Conditions:
- Recommendation 

to reflect and learn
- Too one-sided 

focus on researcher 
learning in the 
ADR method

Actions taken:
- Joint formulation of individual 

and shared goals
- Implementation of mechanisms 

for promoting learning
- Joint formalization of learning

Consequences: 
- Researchers learnt from practitioners 
- Practitioners learnt from researchers
- Practitioners learn from other 

practitioners
- Learning from contextualization and 

generalization

Fig. 4. Model for researcher and practitioner learning.

Consequence: Researcher and 
practitioner learning.

Action: Reciprocal shaping between 
artifacts and design principles emerged 
from theory and practice

Condition: Researcher 
intervention in organiza-
tional contexts

Fig. 5. The overarching theme: RPC challenges in ADR projects

7 Discussion

Based on an analysis of the empirical ADR project, we found that there initially was a
rift between the interests of the researchers and practitioners, the collaboration was more
difficult in practice than on the paper, and the ADR method primarily responded to the
question “why to collaborate” and not “how to collaborate”. These observations required
extended support for RPC when using the ADR method. As mentioned in Sect. 1, the
RPC support from the ADRmethod is limited. A comparison of our results with both the
ADR method and the literature review reveals that our theoretical models extend prior
knowledge about RPC in ADR projects by: a) presenting explicit categories regarded
as either conditions, actions, or consequences, and b) explaining logical relationships
between conditions, actions, and consequences.

Furthermore, it can be argued that the theoretical models are not specific to ADR
projects but to RPC in general. However, we argue that these models are essential to
managing ADR projects because they correspond to one primary characteristic: “The
[ADR] method conceptualizes the research process as containing the inseparable and
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inherently interwoven activities of building the IT artifact, intervening in the organi-
zation, and evaluating it concurrently” (Sein et al. 2011, p. 37). This recommendation,
as a whole, is not prominent in other DSR approaches/methods. However, we cannot
foresee any barriers for them to be considered in future collaborative ADR projects,
DSR projects, or general IS projects that are building artifacts.

8 Conclusion

In Sect. 1, we stated that support for collaboration in theADRmethod primarily responds
to the question “why” and not “how” to collaborate. Therefore, the aim of this study was
to present theoretical models for RPC collaboration in ADR projects involving support
for prescriptive actions. We have identified three main challenges concerning RPC:
researcher intervention in practitioner contexts, reciprocal shaping between artifacts
and design principles emerged from theory and practice, and researcher and practitioner
learning. The knowledge contribution to practice consists of explicit actions that can
be taken to address collaboration challenges experienced in ADR projects. In this case,
the practice consists of ADR projects facing RPC challenges. We can conclude that
the actions taken supported the ADR project to manage the identified challenges. The
knowledge contribution to theory consists of theoretical models.

Our conclusions are based on findings from one empirical study. The problem of the
generalization of findings in qualitative studies is a well-known challenge. In order to
support the reuse of the findings in this study, we have provided transparent descriptions
of the conditions, actions, and consequences. Therefore, we hope that our models will
be considered in future ADR projects. However, we recognize that some adjustments
may be needed due to the contextual characteristics of the ADR method. Therefore, to
further evaluate the theoretical models created in this study, we suggest that they are
evaluated in future projects concerning RPC.
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Abstract. The accumulation of the design knowledge (DK) resulting
from Design Science Research (DSR) requires other DSR researchers to
appropriate, use, evaluate, modify, and/or extend prior DSR artifacts.
Unfortunately, much DK (especially software artifacts) is never appro-
priated by other researchers for further DSR activity. The lack of take-
up of DSR outcomes by other researchers represents a significant waste
of resources, reduces the contribution of a DSR project and, most sig-
nificantly, is a major barrier to the accumulation of DSR knowledge.
We believe this problem is mainly a social one. DK appropriation is a
decision supported by a communication effort, which suggests relevance
of Diffusion of Innovation (DoI) theory. While journals and reposito-
ries can make quality DK and IT artifacts find-able and available for
reuse, supplementary and alternative communication channels may bet-
ter enable and encourage DK appropriation decisions and thereby, DK
accumulation longitudinally over multiple DSR projects. Based on this
perspective, this paper explores a peer-to-peer decentralized communi-
cation pattern for DK dissemination and appropriation for further DSR
projects and DK accumulation. Specifically, we propose (1) a model of
DK accumulation as a DoI process (2) two new ‘communication channels’
(i.e., Appropriation Sessions and Marketplaces), and (3) questions (based
on UTAUT) to (self-)assess the likelihood of new DK appropriation.

Keywords: Design Science Research · Design Knowledge · Design
artifact · Appropriation · Knowledge accumulation

1 Introduction

Design Science Research (DSR) in the field of Information Systems (IS) has a
problem; Design Knowledge (DK) Accumulation in DSR is considered to be weak
or inadequate [16]. Vom Brocke et al. [16] characterise the current state of DSR
DK accumulation as “monolithic” (single DSR project), with “scarce reuse” and
without “DK accumulation and evolution across projects” [16, p. 521]. Given
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the poor state of DK accumulation, the current, conventional DSR practice of
concluding a DSR project with the dissemination of DK at the end and relying
on traditional publication through conferences and journals seems inadequate,
i.e. continuing to do the same thing and expecting a different outcome is unlikely
to work.

Effective approaches for DK accumulation are not only technical (e.g. curat-
ing and placing DK into repositories) but mainly social. For example, the findings
of [6,11] on software reuse within organizations support the importance of social
aspects of reuse. Similarly, Crowston et al. [3] noted that Open Source Soft-
ware processes include social processes, such as Socialization, Decision making,
Leadership, and Collaboration, and necessitate the emergence of certain states,
including Trust, Level of commitment, and Shared mental models (among oth-
ers). We note that enacting social processes and developing the desired emergent
states all require communication beyond placing artifacts into repositories and
relying on potential knowledge accumulators to find and fetch them. It is the
vision of the authors that improving DK accumulation also requires improve-
ments to the communication between DK producers and other design researchers
as DK consumers. DK accumulation requires effective and efficient communica-
tion. This leads us to our research question: RQ: How could the communica-
tion between DK producers and other design researchers as DK consumers be
improved with the aim of furthering DK accumulation?

The intent of this paper is to better conceptualize the process of DK dissem-
ination, communication, transfer, and appropriation by other DSR researchers
in order to progress DSR practice. Informed by Diffusion of Innovations (DoI)
theory, we propose (1) a model of DK accumulation (2) recommendation for
two ‘communication channels’ (i.e., Appropriation Sessions and Marketplaces),
and (3) the use of the UTAUT model to characterize the peer profile insofar as
appropriation is concerned. We start by introducing the problem.

2 DK Accumulation as a Problematic Phenomenon

In their editorial introduction to the Journal of the Association for Information
Systems special issue on DK accumulation in DSR, Vom Brocke et al. assert
that “To date, most studies focus on a single DSR project, aiming at deriving
DK within a project, while DK accumulation and evolution across projects is
rarely considered as an antecedent or contribution of the project. ... The limited
DK accumulation in DSR is problematic because single contributions tend to
remain isolated with little to no relation to other solutions. We refer to this as
the monolithic structure of DK” [16, p. 521].

Consequences are many-fold. “First, current DSR projects miss the oppor-
tunity to reuse DK, which would increase both the efficiency and effectiveness
of the research process. Second, DSR projects miss the opportunity to compose
DK contributions toward building solutions to more complex real-world prob-
lems. Third, DSR projects (once they are published) lack validity checks of DK
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such as currency and timeliness, thus missing the opportunity to update DK as
needed” [16, p. 521]. These are serious problems indeed for DK accumulation in
DSR.

As for causes of this problem, Lukyanenko and Parsons [9] raise the issue of
“Design Theory Indeterminacy” (DTI), i.e. incomprehensibility, ambiguity, and
incompleteness of a design theory (one form of DK), which is problematic for
deploying (instantiating) the DK outcomes of DSR (by practitioners, but also by
researchers) and therefore DK accumulation. Accordingly, they call for research
to improve the clarity of DK, increase DSR process transparency, and increase
sharing DSR artifacts, especially instantiations, e.g. by placing instantiation arti-
facts into curated libraries, e.g. GitHub or WordPress. It should be mentioned,
however, that curated libraries are not a panacea. Fichman and Kemerer [6]
studied software reuse and concluded that the amount of software reuse was
lower than hoped or expected. They found that the causes related more to orga-
nizational than to technical issues and suggest that incentive alignment is an
issue (and potential solution). Similarly, Morisio et al. [11] studied success and
failure factors in software reuse and found that social factors, including organiza-
tion, processes, and human involvement, could be addressed to enhance software
reuse.

Baskerville and Pries-Heje [1] state that “studies reveal that projection is
often only achieved by incorporating one of the original contributors”, suggesting
that “one cannot easily make actual projections of DSR artifacts without deep
knowledge about their projectability”. While incorporating one of the original
contributors into a subsequent DSR project (a social practice) is not a problem
in and of itself, none of the original contributors may be available or willing to
work on another DSR project [1].

We can consider this problem from a somewhat different perspective. That
DSR projects do not build upon prior DK primarily means that DSR researchers
do not appropriate potentially valuable prior DK. Presumably, DSR researchers
do not appropriate prior DK because (1) they are unaware of the prior DK (2)
they do not see the relevance of the prior DK (3) they do not understand and/or
find it difficult to make use of the prior DK, or (4) they perceive problems and
do not see the value in making use of the prior DK. These causes of the problem
suggest a view of DK Accumulation as a communication endeavor.

3 DK Accumulation as a Communication Endeavor

DK Accumulation requires a ‘message’ to circulate from the sender (message
composer) to the receiver (message interpreter). Differences can be found in the
sort of message and the communication pattern.

The Message. Distinct proposals exist for what is to be communicated, namely:

– ‘DK chunk’ is the term introduced by Vom Brocke et al. to denote “a compo-
nent, which has both process character (reproducible design activities) and
outcome character (a justified claim that links a certain solution space to a
certain problem space via evaluation” [16],
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– Publication-related material is the proposal of journals such as MIS Quar-
terly [2]. Among other transparency practices, MISQ will support archiving
of supplementary materials provided prior to, during, and after the review
and publication process, but these will not undergo a review process; they
will simply be available to reviewers and editors during review and to readers
after publication,

– Research-related material is the strategy of Doyle and Luczak-Roesch [4,5].
The authors recommend the Open Science Framework (OSF) generally, and
Registered Reports (RR) more specifically, as an alternative (or supplemen-
tary) means to disseminate DK at a more detailed, granular level and also to
receive feedback on it during the DSR process, which is not possible in the
traditional journal paper model.

– Software is a common instantiation artifact in DSR in IS, hence, the topic
of software reuse is a closely related topic. A specific form of software reuse
that is perhaps more relevant to DK accumulation is Open Source Software,
where software is collaboratively developed and may be provided for reuse
under various forms of licenses [7].

The Communication Pattern. We can envisage two patterns: centralized
vs. peer-to-peer. In a centralized pattern, a repository sustains asynchronous
communication between the agents. Most of the previous references resort to
repositories (aka Knowledge Base or Body of Knowledge) for senders to leave
‘the message’ and receivers to collect ‘the message’, whether this is a ‘DK chunk’,
publication-related material, or other sort of artifacts related to the DK. Alterna-
tively, a peer-to-peer pattern does not rely (solely) on a central repository to gov-
ern the interaction but allows agents to share information and resources directly
without relying on a dedicated central server. This model includes the possi-
bility of synchronous as well as asynchronous communication and of research
collaboration between different research projects (e.g., as suggested above by
[1]). In a similar vein, Peffers et al. [12] highlighted that the entry point for a
DSR project may take advantage of output generated by a previous researcher
(e.g., a publication). Extending that idea, a DSR project may build upon prior
DSR work and DSR projects can be conceptualized as collaborative endeavors
where different research groups collaborate longitudinally. Unfortunately, such
collaboration is outside the scope of Peffers et al. [12], and they do not describe
how other partners can be involved.

This paper explores a peer-to-peer pattern with DK as ‘the message’ includ-
ing IT artifacts themselves (i.e. instantiations, especially software). This vision
further suggests viewing DK Accumulation as technology adoption. Accordingly,
our approach is informed by Diffusion of Innovation theory.

4 Diffusion of Innovation

Diffusion of Innovation (DoI) is a social science theory that attempts to explain
how new objects, ideas, and practices propagate. Specifically, its proponents
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Fig. 1. DoI’s main constructs

define DoI as “the process by which an innovation is communicated through
certain channels over time among the members of a social system” [14]. Rogers
identified five stages to the innovation-diffusion process: (1) Knowledge (2) Per-
suasion (3) Decision (4) Implementation, and (5) Confirmation. In addition, he
introduces five main constructs (see Fig. 1):

– an innovation is any novel thing, idea, procedure, or system. In this paper,
we consider DK as playing the role of the innovations.

– communication channels are the various ways that innovations are distributed
from a source of origin to a recipient. Channels can be categorized as mass
media or interpersonal and as localite (within the social system) and cos-
mopolite (outside the social system). Almost all mass media channels are
cosmopolite.

– a source is an individual or an institution that originates a message.
– time captures the insight that innovations are not adopted instantly, but

instead they are spread out and must remain relevant over time. This is
particularly pertinent in DSR research due to ‘the ephemeral nature of DK’
where problem and solution spaces are in constant flux [16],

– social system reflects the fact that DoI is influenced by the social structure
of the social system. A social system is a set of interrelated units that are
engaged in joint problem solving to accomplish a common goal. In this paper,
we consider the social system to be the DSR research community and its
expanding collection of practices, members, and values, working towards the
shared goal of DK Accumulation.

5 Instantiating DoI for DK Accumulation

This section places DK accumulation as an instantiation of Diffusion of Inno-
vations (DoI); see Fig. 2. Importantly, the accumulation process does not rely
exclusively on the existence of a Knowledge Base as illustrated in the DK accu-
mulation models of [13,16]. As free agents in a socio-technical process, the DK
sender and the DK receiver are free to employ (or not) whichever mechanisms
they choose in a discourse leading to appropriation (or not), of course including
(but not limited to) traditional publication and retrieval processes.
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Instantiating Rogers’s five stage DoI model, DK appropriation starts with a
DSR researcher becoming aware of (possibly new) DK that might be a suitable
basis for a new or existing DSR project. Awareness typically arises from mass
media (e.g. journals, email list announcements or repositories). At this stage, the
DK knowledge is collected (what is it for, how does it work, what resources are
needed, what evidence is there that it works, etc.). Persuasion occurs when DK
is examined carefully for suitability, including building trust and confidence. It
may also make use of interpersonal communication between the DK creator and
the potential DK appropriator(s) - or other concerned parties. Decision is when
the potential DK appropriator(s) decide(s) whether (or not) to appropriate the
DK for a particular DSR project (or projects). Implementation happens when
the new DK is deployed into a DSR project. Sometimes, problems arise, which
may lead to communication with the DK originator, other sources of information
(e.g. trouble shooting guides or FAQs), or other people with expertise (e.g. other
users). Finally, Confirmation occurs when the DSR project is in full swing mak-
ing use of the DK. Note that the traditional publication process provides only
limited support for building trust/confidence, and no direct support for persua-
sion/negotiation. Such activities would typically require alternative channels to
the traditional publication process. This section elaborates on these alternative
channels in the light of DoI.

Fig. 2. DK accumulation as a DoI instance.

5.1 The Innovation

For our purpose, we regard DK as the innovation to be diffused. This includes five
main components: (1) the problem to be solved (ideally grounded on empirical
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data) (2) the design-ingrained IT artifact itself (ideally grounded on Kernel
Theory/Justificatory Knowledge) (3) the Measurement model used to assess its
utility (4) the Setting (or Context) where this utility arises from artifact use,
and (5) the resulting Design Theory [8,17] or Design Principles [10].

Note that DK is not limited to the design principles but includes IT artifacts
themselves (i.e. instantiations, especially software). In line with the recommen-
dations of Lukyanenko and Parsons [9], we believe the existence, availability, and
quality of IT artifacts (e.g. source code for software artifacts) can play a major
role in engaging research peers in appropriating and building on the underlying
DK. This moves us to the next DoI constructs.

5.2 The Agents

For our purpose, agents are limited to research teams playing the role of ‘the
sender’ and ‘the receiver’. The sender and receiver are ‘equal-footing peers’,
each with freedom to transfer or receive DSR outcomes and undertake collab-
orative action (or not). The model highlights opportunities for facilitating the
receiver’s self-interest to spur DK accumulation. Specifically, three main avenues
are regarded to ‘link’ agents, in line with Vom Brocke et al.’s proposal [16]. Aug-
menting projectability (by generalizing or abstracting) can be accomplished by
expanding upon the context, actors, and or behavior supported or expected from
the designed artifact. Augmenting fitness (by amplification or contextualization)
can be accomplished by modifying the designed artifact. Augmenting confidence
can be accomplished by improving the quality and rigor of the evaluation or by
replicating existing evaluations.

Assessing the potential for DK receiver agents’ likely perceptions of the new
DK’s suitability for appropriation for further DSR might be useful. To this end,
we adopt the Unified Theory of Acceptance and Use of Technology (UTAUT)
model [15]. Specifically, we draw a parallel between intention and use of tech-
nology by users with intention and appropriation of DK by potential receiver
DSR researchers. We make recommendations based on each of the four UTAUT
independent variables: (1) performance expectancy (2) effort expectancy (3)
social influence, and (4) facilitating conditions. For each variable, we rephrase
its description for DK purposes. Mimicking the UTAUT model, we also pro-
vide a set of questions for senders to rate their agreement to self-assess whether
the information that they provide is likely to be convincing and motivating for
potential receivers.

Performance expectancy is defined as “the degree to which an individ-
ual believes that using the system will help him or her to attain gains in job
performance” [15]. In the present context, we can rewrite this construct as the
degree to which a research group (the receiver) believes that appropriating the
DK could help realize its vision for knowledge advancement. A vision for knowl-
edge advancement can be framed along the three dimensions proposed for DK
accumulation as discussed above, namely, projectability, fitness, and confidence
[16].
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Increasing performance expectancy for future research building upon the
senders’ DK outcomes can be done in several ways. First and foremost is clearly
communicating the suggested future research and how it builds on existing
knowledge, as well as the potential significance of that research. Second, clearly
communicating about the designed artifact, details of its design, how and why
it works, etc., builds confidence in the receiver that the artifact could work in
the generalized or abstracted contexts to enhance projectability or could be suc-
cessfully enhanced to achieve the amplification or contextualization to improve
fitness, as suggested for further research. Third, clearly communicating about the
evaluation(s), how they were done, the rigor of the findings and their limitations
further increases confidence that further research is likely to be fruitful.

Self-assessment questions:

– I find appropriating the DK could be useful to realize my vision for knowledge
advancement.

– I envisage ways to contribute towards the projectability, fitness, and confi-
dence of the DK.

– Appropriating the DK increases my productivity to realize my vision for
knowledge advancement.

– Appropriating the DK increases my chances of getting proof-of-concept for
my planned application context.

– Appropriating the DK increases my chances of getting proof-of-value for my
research setting.

Effort expectancy is defined as “the degree of ease associated with the use
of the system” [15]. In the present context, we can rewrite this construct as the
degree of ease associated with the appropriation of the DK. What is key here is to
reduce the perceived effort expectancy of potential receivers for appropriating the
artifact/DK and research required, by clearly describing the potential/suggesting
further research, the artifact and its DK, as well as its evaluation, and also
explicitly communicating why the effort required to appropriate the artifact and
conduct the further research is likely to be low.

As above for performance expectancy, in addition to clear and quality com-
munication, various means can reduce perceived effort expectancy in potential
receivers. First, suggesting how further evaluations or artifact improvements
might be made reduces the effort required by potential receivers. Second, pub-
lication of supplemental materials to aid potential receivers (e.g. user guides,
installation manuals, FAQs, or instructional videos) and providing clear refer-
ences to what is available and how to access them reduces perceptions of how
difficult it might be to appropriate the new designed artifact. Multiple channels
can be used for such publishing, whether supported by publication outlets and
repositories or not. Third, if the sender is interested, they may further publish
suggestions that they are open for providing support, answering questions, or
even collaborating on further suggested research. Such statements of openness
need to be clear as to scope, clear as to how to make contact, and, preferably,
enthusiastic in order to motivate the potential receivers. Provision of assistance
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and collaboration are clear ways to reduce the effort expectancy of eventual
receivers.

Self-assessment questions:

– It is easy for me to understand the relevance of the contextual elements.
– It is easy for me to understand the rationales behind the Design Principles.
– It would be easy for me to install the artifact.
– It would be easy for me to use the artifact (e.g., the existence of documenta-

tion).
– I understand the vision provided for future research.
– It would be easy for me (or my research group) to conduct the proposed

future research.
– The proposed future research is doable with the resources at hand.
– The proposed future research is significant enough to be worth my while.

Social influence is defined as “the degree to which an individual perceives
that important others believe he or she should use the new system” [15]. In
the present context, this refers to the extent that appropriation of existing DSR
knowledge and building on that knowledge is considered valuable by ‘important
others’ such as journal editors, editorial boards, conference committees, PhD
committees, colleagues, or organizational superiors.

As every organization is different, encouraging and assessing whether other
colleagues or organizational leaders would provide positive social influence is
difficult. However, research streams that have a positive track record and estab-
lished significance (and demand for publications) are likely to receive positive
social encouragement. Highlighting the potential significance of proposed future
research itself provides social influence and will encourage others to do the same.
Further, pointing to other literature that suggests the importance of the proposed
future research topic(s), e.g. editorials from journal editors or calls for papers
of upcoming conferences, also points out that there is extant social influence
supporting the appropriation and continued research on the DSR topic.

Self-assessment questions:

– I can identify journals and conferences that are open and supportive of pub-
lishing the future research that is suggested.

– The publications that are likely to accrue from further research would gener-
ally be adequate to support tenure or promotion.

– The research that is suggested would generally be considered to be a suitable,
doable, and significant enough topic for an Honors/Masters/PhD degree.

– I would recommend undertaking the proposed future research to my col-
leagues.

– I would say positive things about this DSR and the resulting design knowledge
insofar as appropriation is concerned.

Facilitating conditions are defined as “the degree to which an individual
believes that organizational and technical infrastructure exist to support the
use of the system” [15]. Now the goal is appropriation. We recommend that
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the resources required to appropriate and use the designed artifact need to be
made clear and precise. The sender might also provide assistance, in the man-
ner discussed earlier, which also reduces effort expectancy. As above, we again
invite self-assessment or assessment by colleagues by rating agreement with the
following statements:

– A typical university or research group would likely have the resources (time,
space, skills) necessary to appropriate the DK.

– The offer of assistance from or collaboration with the original authors of
the design knowledge during the appropriation activity and/or subsequent
research is believable and helpful.

5.3 The Communication Channels

In addition to existing mass media channels (e.g. journals and repositories) and
interpersonal communications (e.g. emails to/from DK originators/authors) we
propose two new communication channels as potentially interesting for DK Accu-
mulation: Appropriation Session and Marketplaces.

From Demo Sessions to Appropriation Sessions. We suggest the idea of
‘Appropriation Sessions’ as a means to promote DK appropriation. Appropria-
tion Sessions move beyond Demo Sessions. An Appropriation Session would not
be so much about the work’s design, rigor or relevance, but more about the poten-
tial of the work to be appropriated and expanded upon, i.e., opportunities to
advance knowledge. Such sessions might brainstorm about needed projections,
fitness improvements from solutions, solution enhancements, or explore part-
nerships. Speakers could describe opportunities for support, assistance, and/or
partnership in transitioning to new DK accumulation regions. Compared with
manuscripts, Appropriation Sessions offer the opportunity to customize presen-
tation for the audience. If a technical audience, focus on building fitness by
describing technical challenges raised by your DK. If a domain audience, then
focus on projectability by describing contextual limitations. If addressing prac-
titioners, then focus on relevance by volunteering to replicate the evaluations
within their own setting.

From Repositories to Marketplaces. A marketplace is a platform where
vendors can come together to sell their products or services to a curated customer
base. The role of a marketplace is to bring together the right vendors and the
right customers, and the business model is to earn a commission from each sale.
Marketplaces are essentially communication platforms. Unlike a repository-like
online store, a marketplace does not have an inventory on its own. The added-
value is in ensuring vendors are adhering to quality regulations and guidelines
while accounting for content curation and trust. Think of Airbnb. It does not
explicitly market products or services to individuals. Rather, it provides support
for a peer-to-peer model whereby two individuals engage to buy and sell goods
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and services directly with one another. The value proposition of Airbnb is in
building trust. Trust by Design is the main piece of Airbnb business model.
Likewise, we believe there is room for a ‘DK marketplace’. This goes beyond
moving distinct assets to a central repository to provide ‘DK curation’ or ‘trust
building’. As travelers might be cautious about where they sleep, discerning DSR
researchers may want to investigate which ‘shoulders you climb onto’. Besides a
searchable DK inventory, a robust system of credential verification and reviews
for both the sender agent and the receiver agent might provide a better basis for
a ‘community of research practice’.

6 Conclusion

When it comes to DK accumulation, communication is key. As a supplement to
central repositories, this work explores a peer-to-peer model by conceptualizing
DK accumulation as a DoI practice. Rephrasing, Rogers’ definition, DK accu-
mulation becomes the process by which an innovation (i.e., new DK) is commu-
nicated through certain channels (e.g., a DK marketplace) over time (pressured
by the DK ephemeral nature) among the members (i.e., the sender and the
receiver) of a social system (i.e., the DSR community). This work further draws
on UTAUT to suggest ways to increase receiver agents’ trust and confidence in
high-performance expectancy and low effort expectancy, as well as improving the
potential for improved social conditions and facilitating conditions that increase
the likelihood of new DK appropriation and thereby increase DK accumulation.

However, the proposed model and recommendations are new, have not been
tried, and, consequently, the paper does not provide evidence of evaluation to
support any conclusive claim of utility for purpose. The first stumbling block
is to implement the two communication channels proposals, i.e., Appropriation
Sessions and Marketplace. The former would involve a community effort, led by
relevant conference organizers (e.g., DESRIST and HICSS). Marketplace web-
sites are widely used in the so-called ‘social economy’ (e.g., Amazon, Fnac), yet
their potential has been largely overlooked by the research community, which
still, to a large degree, relies on traditional publication means. Open Science in
general, and initiatives such as the Open Science Framework (OSF) [5] are a step
in the right direction. However, the currently weak state of DK accumulation
shows that it is more demanding, communication-wise, than supporting DK
transparency or DK dissemination through repository-based approaches alone
can accomplish effectively. Evaluating the conceptualization and practices rec-
ommended in this paper would allow the DSR community to assess the extent
to which DK appropriation and accumulation follows a pattern similar to the
Diffusion of Innovation.
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Abstract. The goal of design science research is the generation of novel artifacts.
TherebyDSRprojects generate valuable design knowledge, thus, underscoring the
importance to codify of design knowledge for achieving scientific progress. The
research community observes that DSR projects generate a large amount of design
knowledge, but the developed knowledge often ends as a single success story. To
counter this situation, we analyze the variety of design knowledge representa-
tion forms that have been published in the AIS Senior Scholars’ Basket in design
science research papers. Based on our systematic literature review, we identify
prevalent ways of design knowledge representations. We provide as a central con-
tribution how to effectively communicate design knowledge through the derivation
of recommendations that provides practical guidance to support researchers and
practitioners in making design knowledge contributions reusable and applicable.

Keywords: Design knowledge · Codification · Design science research

1 Introduction

Design science research (DSR) offers an important paradigm for conducting applicable
and rigorous research to real-world design problems [1]. Therefore, DSR aims to gen-
erate prescriptive knowledge about the design of information systems (IS) artifacts [2],
oftentimes supported through well-cited DSR approaches for conducting DSR projects
such as the three cycle view of Hevner [3] and the DSR process by Peffers et al. [1]. The
overall “goal of DSR is to generate knowledge on how to build effectively innovative
solutions to important problems” ([4], p.15) by finding solutions (solution-space) for
design problems (problem-space) [4]. The generated design knowledge can be repre-
sented in different forms such as design patterns, design principles, design theories, and
design artifacts [4, 5]. Typically, a design project has two outcomes – an artifact and a
design theory [6], the latter summarizes knowledge on how to design the artifact [7].
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Although, the approaches by Peffers et al. [1] andHevner [3] aim to provide guidance
on how to conduct, evaluate, and present design science research, the DSR community
observes that the projects neglect the transfer of generated design knowledge. DSR
projects may produce artifacts and theories that are rarely reused [5, 6]. Thus, design
knowledge is often lost at the end of the projects and buried in digital libraries of
conference proceedings and journals [6]. The limited design knowledge reusability in
the IS community is problematic, as single contributions tend to remain isolated with
little to no relation to other solutions [5]. This is accompanied by the problem that
valuable knowledge is lost, although it could be useful in new projects, thus, hindering
the progress of science. The lack of reuse also brings with it that the generated design
knowledge does not leap from research into practice [8].

An important reason that makes design knowledge difficult to share and accumu-
late is the fact that design knowledge has certain characteristics and abstraction levels,
especially if it is not represented in a codified form [9, 10]. To counter this situation, we
review the variety of design knowledge representation forms that have been published
in the AIS Senior Scholars’ Basket. With our paper, we aim to provide a holistic picture
of different DSR codification forms. Therefore, we investigate how DSR papers share
generated design knowledge in IS journals and draw conclusions on how to codify design
knowledge by answering the following research question.

RQ: How is design knowledge represented in design science research papers in
leading IS journals?

To answer our research question, we first conduct a systematic literature review
following vomBrocke et al. [11] andWebster &Watson [12] to identify DSR papers that
conduct DSR in IS journals. Second, we analyze how design knowledge is represented
in extant literature. Afterwards, we draw conclusions regarding associations between
knowledge generation, purpose, and representation forms to provide guidance on how
to facilitate design knowledge accumulation for reuse by deriving recommendations
based on our review.

2 Theoretical Background

2.1 Design Science Research and the Importance of Design Knowledge

We first want to go deeper into the design science research paradigm and analyze the
meaning of accumulating and codifying design knowledge. In the last decades, design
science research became an established and widely used research method in informa-
tion systems research [13]. DSR provides a structure for constructing artifacts [10] and
it oftentimes follows process methods [13, 24] to bring the practical development of
artifacts into IS research. The outcome of DSR projects is typically two-fold: design
artifacts and design theories [10, 14]. Thus, resulting in a large range of DSR projects
with different design outcomes. Not only does the application field of DSR vary but
also how authors apply and ultimately present DSR [13]. Conducting DSR oftentimes
means solving design problems by developing and evaluating artifacts with the help of
applying concepts, such as (design) theories and design principles, to map and support
design processes [1].
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One thing all DSR projects have in common is the generation of valuable and novel
design knowledge [15]. As Peffers et al. [1] recommend in their DSR guidelines, the
communication of the design outcomes is one important part of the overall project. DSR
projects accumulate design knowledge through building, testing, and extending artifacts
across projects and publications [10]. The accumulation and codification of knowledge
is the essence of theories and knowledge sharing [5]. Gregor et al. [10] remark on
the importance of design knowledge codification to make design science formalizable
through design theories.

Design knowledge is one specialized part of knowledge, namely knowledge to design
an artifact including used methods and constructs to design the artifact [10]. The knowl-
edge literature contrasts different types of knowledge, such as tacit and explicit knowl-
edge [16], which impact a person’s ability to codify knowledge [17]. Design knowledge
is a special form of knowledge, namely knowledge to design a system includingmethods
and constructs [10]. While explicit knowledge can be easily transferred, other types of
knowledge (such as tacit knowledge) are difficult to transfer [9]. Typically, knowledge is
developed by an individual [16] through applying previous knowledge in new contexts.
Van Aken defines design knowledge as “[…] knowledge that can be used to produce
designs. The general design knowledge in the repertoire of the senior designer is com-
piled by him/ her over the years through formal education and through learning on the
job” ([18], p. 9).

2.2 Design Knowledge Accumulation to Facilitate Reuse

As DSR establishes its position as an important part of IS research, more and more
researchers are pointing out the importance of design knowledge accumulation and
codification [4, 19]. Numerous scholars, such as vom Brocke et al. (2019) and Rai
(2017), call for approaches that effectively deal with the accumulation and codification
of design knowledge in DSR in high-caliber IS journals [5].

To counter the problem, recent literature, for example, by Chandra Kruse and Nick-
erson [5], analyzed the essence of design in-depth and derived key design elements to
facilitate design knowledge accumulation. Vom Brocke et al. [4] provide a framework
on how to position design knowledge contribution in problem and solution space by pro-
viding a set of principles that facilitate knowledge accumulation. Other research, such as
the design knowledge typology by Müller and Thoring [9] or the design knowledge tax-
onomy by Dickhaut et al. [15] provide frameworks to conceptualize design knowledge
and facilitate the understanding of design knowledge properties.

To understand how design knowledge is actually reused in practice, Chandra Kruse
et al. [20] analyze the reuse of design principles with practitioners. Schoormann et al.
[21] look at the reusability of design principles in the literature. However, the literature
still lacks an analysis of the different ways in which design knowledge is represented to
understand how design knowledge has been codified for dissemination in design science
research so far. Thus, the goal of our paper is to analyze how previous design science
projects codify their generated design knowledge through published papers.
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3 Identifying and Classifying Design Knowledge Representation
Forms

3.1 Systematic Literature Review

In the following, we describe our literature search process that provides the empirical
basis for our analysis. Furthermore, we explain the data analysis techniques used in this
paper to analyze how previous DSR journal papers codify design knowledge.

We conducted a systematic literature analysis according to vomBrocke et al. [11] and
Webster &Watson [12] to identify the literature foundation of our paper. The goal of our
systematic literature is to identify papers that conduct DSRmethods and are published in
the AIS Senior Scholars’ Basket: Management Information Systems Quarterly (MISQ),
Journal of Management Information Systems (JMIS), Journal of the Association for
Information Systems (JAIS), Information Systems Research (ISR), European Journal
of Information Systems (EJIS), Information Systems Journal (ISJ), Journal of Strategic
Information Systems (JSIS), Journal of Information Technology (JIT). We focus on
high published DSR papers because most conference papers examine a small part of big
design science projects. In addition, we see the highest potential to learn how to codify
design knowledge in a useful way from high published journal papers. Reasons such as
long and hard review iterations force the author team to carefully make their acquired
design knowledge available.

Table 1. Overview of searched journals.

Outlets Total hits Relevant hits

Management Information Systems Quarterly (MISQ) 121 18

Journal of Management Information Systems (JMIS) 85 26

Journal of the Association for Information Systems (JAIS) 114 34

Information Systems Research (ISR) 50 6

European Journal of Information Systems (EJIS) 115 24

Information Systems Journal (ISJ) 60 4

Journal of Strategic Information Systems (JSIS) 24 2

Journal of Information Technology (JIT) 52 1

Sum 621 115

To cover a broad set of publications, we use the keywords “design science” in the
databases. Table 1 provides an overview of the results. The initial number of 621 papers
was reduced by reading the papers’ title, abstracts, and keywords. We reduced the lit-
erature by eliminating papers that are out of our scope such as papers that dealt with
design science research from a conceptual or methodological viewpoint. Resulting in a
selection of 115 papers, that are relevant for our following analysis.
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The 115 relevant papers were analyzed following an iterative process aggregating the
insights. The iterative process was started by two of the researchers who independently
code a subset of 5 randomly chosen articles. Next, we re-examined the original subset
and analyzed variations in coding. We proceeded iteratively with the coding until all 115
papers were independently coded.

3.2 Coding Frame

We use a theoretical frame to analyze the resulting 115 papers regarding design knowl-
edge representation. The coding frame is based on literature on DSR and design knowl-
edge generation or codification. In the following, we present the underlying theoretical
understanding to be as transparent as possible during our analysis. In general, our coding
frame is based on the essay by Gregor and Hevner to positioning and presenting design
science research [22], Nonaka’s knowledge creation theory [16], and vomBrocke et al.’s
guidance on how to accumulate design knowledge [4].

The generation of design knowledge takes place in a variety of ways, which is an
important characteristic to understand its nature. So design knowledge may be gener-
ated with the goal to develop principles of form and function [23], by developing an
instantiated implementation [23], developing a prototypical design [24], through the
development of a method [25], or by developing models [26, 27].

We describe below how we classify the design outcomes and give examples for each
cluster. Principles of form and function describe the design of artifacts generally and
provide instructions on how to design those elements. A lot of design science research
papers develop design principles which we classify as one example of principles of form
and function.

Papers that develop programs or high-fidelity systems are classified as instantiated
implementation while mock-ups, prototypes, or low-fidelity programs are coded as pro-
totypical design. We distinguish instantiated implementation from prototypes by the
degree of completion. While prototypes are developed exemplarily for evaluation or
demonstration, instantiated implementation can actually come to use.

DSR papers that provide step-by-step instructions and provide users concrete direc-
tions to do something are classified as method development. A more formal artifact
output is the development of models to understand or explain occurrences. Thus, the
design knowledge origin represents our first coding frame to understand design knowl-
edge representation forms.Weuse the frame as amapping to analyze differences between
different design science research artifacts. Our second coding frame is related to the level
of abstraction. Thus, knowledge may be context-specific, which is often the case if the
knowledge is less abstracted and applied in one specific case [16]. If design knowledge
is abstract and applicable in many cases, there are few in-depth details.

To go more in detail, our third coding frame focus on the knowledge expression
level. We distinguish tacit, explicitly articulated, and explicitly codified design knowl-
edge [16]. Tacit knowledge is not represented or hardly represented at all. This makes
the knowledge hard to grasp. The codification of design knowledge may occur in differ-
ent forms. Structured text-based codification approaches focus on codification in texts,
mostly as highlighted key points of structured lists. Another clear presentation form
are tables. Prototypes or screenshots are often used to provide graphic visual support.
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DSR papers that use no structured codification form are summed up as unstructured.
Our last coding frame focuses on the main formulation and distinguishes descriptive
and prescriptive design knowledge which is often used as a key indicator to analyze the
knowledge reuse potential [21, 28].

4 Results: Status Quo of Design Knowledge Representation
in Design Science Research

While design science research has been around for 30 years, its application and the
knowledge codification in the IS discipline are very different. Our literature analysis
revealed several insights, which we present in the following. We use the insights to
derive recommendations on how to get the maximum out of design science research and
how to improve design knowledge re-use. The use of design science research differs
regarding the research outcome within the outlets (see Table 2).

Table 2. Overview of artifact outcome.

MISQ JMIS JAIS ISR EJIS JIT ISJ JSIS Sum

Principles of form and function 12 5 24 2 15 0 3 1 62

Instantiated implementation 9 2 6 0 1 0 0 0 18

Prototypical design 5 10 12 0 8 1 1 0 37

Methods 4 6 7 2 2 1 0 2 24

Model 4 9 2 2 1 0 1 0 19

Thus, amajor part of theDSRpapers develop principles of form and function, namely
62 papers. Some of these papers combine the development of an artifact such as an
instantiated implementation together with a prototypical design. Here, the design object
supports the practical evaluation of the principles. Most of the papers provide a general
overview of knowledge from the solution-space, knowledge from the problem-space,
process knowledge, and object knowledge. The principles of form and function papers
focus on providing process knowledge and design knowledge from the problem-space
(see Table 3). Most of the codified design knowledge is generally applicable resulting
in more abstract knowledge. The principles of form and function papers in our analysis
use primary text-based codification forms such as highlighting the knowledge through
marking the knowledge bold to provide the information in a clear way.

We identified only 18 papers whose outcomes are instantiated implementations. Our
analysis demonstrates that the papers differ in their way of presenting design knowledge,
especially in the integration of visual representations and the inclusion of problemknowl-
edge. Almost all papers present the knowledge behind the problem space and integrate
screenshots or graphical representations. Only a few papers develop context-specific
design knowledge and most of the papers integrate generally applicable knowledge by
abstracting their key findings.
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Table 3. Design knowledge representation.

Principles of 
form and 
function

Instanti-
ated imple-
mentation

Proto-
typical 
design

Methods Model

Unit of design
Object knowledge

Process knowledge
Problem-space 
knowledge
Solution-space 
knowledge
Level of 
abstraction
Context specific
Generally 
applicable
Knowledge 
representation
Tacit
Explicitly 
articulated
Explicitly codified
Codification 
format
Structured 
text- based
Structured tabular

Graphic visual

Unstructured
Main formulation

Descriptive knowledge

Prescriptive knowledge
Legend High ModerateRather high

Rather low Low

We classify 37 papers whose design outcomes are prototypical designs. The proto-
typical design papers differ little from those that develop an instantiated implementation.
As a rule, these papers clarify very well how the design process has proceeded and define
the knowledge through process knowledge. Many of the papers combine descriptive and
prescriptive knowledge which comes from describing the artifacts developed. In addi-
tion, another way to use DSR is the development of a method to provide step-by-step



424 E. Dickhaut et al.

guidance. In our analysis, the development of a method is the goal of 24 papers in our
analysis. The papers that develop methods clearly distinguish themselves from the other
papers by providing detailed guidance. This is also shown by the fact that these papers
primarily use prescriptive design knowledge and thus convey precise design information.

In our analysis, 19 papers’ outcomes are models. In contrast to the primarily used,
prescriptive design knowledge are the papers whose outcomes are models. Here, mainly
descriptive design knowledge is presented. However, the papers rather use a visual
representation to convey their artifact.

5 Critical Discussion of the Status Quo and Recommendations

In the following, we will discuss the status quo of design knowledge codification and
provide recommendations for moving our field further in codifying and accumulat-
ing design knowledge. We illustrate our recommendations with examples from prior
research, although we note that the selected papers are just examples.

As seen in our analysis (Sect. 4) principles of form and function are a common
way to codify design knowledge. Principles of form and function can be represented
in different ways. In addition to the visual highlighting – specially marked or listed
in a table – the expression differs in the use of descriptive and prescriptive knowledge.
ChandraKruse et al. [29] propose a formulation approach of design principles that is clear
and precise. We would like to highlight the paper from Recker [30] as one illustrative
example to provide precise design knowledge and equally shows how the developed
design principles are anchored in the solution-space and problem-space. In the paper,
the author develops design principles to improve the state-tracking ability of covid-19
dashboards. Thereby the design principles are not only developed and presented but also
related to the underlying “aim, mechanism, and rationale of the design principle” by
providing a clearly arranged overview in which the developed design principles are set
in relation to their design objective. Thus, the author provide knowledge on how the
problem-space by presenting the theoretical foundation together with the application
field (object knowledge) and the mechanisms to achieve the design, leading to the first
recommendation:

Recommendation 1: Include aim, mechanism, and rationale of the design knowledge.

Papers that develop principles of form and function combine the text-based rep-
resentation with graphic visual details. An illustrative example is Seidel et al. [31],
who develop design principles for systems that support organizational sensemaking in
environmental sustainability transformations. In their paper, the authors use a clearly
arranged form to provide text-based design knowledge and demonstrate the design of
their principles through various graphics and artifact screenshots. A combination of
structured text-based knowledge and graphic-visual insights achieves a transfer to the
practical implementation, which makes the knowledge very specific but still generally
applicable through more abstract design principles.

Recommendation 2: Support abstract principles of form and function by providing
specific design applications through graphic-visual details.
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The report of an instantiated implementation is difficult because a running program
must be described as comprehensibly as possible but mostly text based. Representations,
such as the description of the system architecture or the interface challenge the authors.
One paper that we would like to highlight here is the paper by Nguyen et al. [32] who
develop a learning analytic system. In their paper, the authors derive design principles,
which they then specify in more detail for the application field and develop a learning
analytics system. To meet the challenge of providing insights into the developed tech-
nology the authors include a visual presentation of the underlying architecture. Thus,
they communicate architectural design knowledge related to the actual implementation.

Recommendation 3: Include detailed sketches of your system architecture to provide
system insights.

The papers that develop prototypes demonstrate process knowledge can be communi-
cated in an application-orientedmanner.Wewould like to reference the paper fromMeth
et. al [33] who propose a design theory for requirement mining systems. The authors
solve the challenge that the prototype cannot be presented through text by integrating a
screenshot and enriching it with further explanations. To demonstrate the functionalities
and technology, the authors use a process-oriented figure. The figure visualizes how the
individual stakeholders in the system interact with each other.

Recommendation 4: Provide insights into the technology use through process-oriented
figures.

DSR projects are often conducted over a long period of time and include several
crucial events that contain valuable knowledge. In most cases, project findings are less
codified on an ongoing way but tend to be codified toward the end of the project. To get
around this, design journeys or evolution graphics on how design knowledge unfolds
through multiple revisions are helpful. They provide an overview of the course of the
project and prevent design knowledge from being lost [8]. Design science tool support
approaches can also provide valuable guidance as for example the “MyDesignProcess”
tool [34]. A good example to demonstrate design evolutions is the paper from Widjaja
et al. [35]whovisualize their design evolution andgo into detail about their individual five
design artifacts and their progress. This makes it possible to see the entire development
process and understand how individual components are interlocked with each other.

Recommendation 5: Use design journeys or evolution figures to accumulate as much
design knowledge as possible.

6 Conclusion and Future Research Directions

The aim of our paper is to analyze design knowledge representation in design science
research papers and to derive recommendations to codify developed design knowledge
in a rich, reusable way. To answer our research question, we conducted a systematic
literature review and analyzed all papers in the AIS basket of eight that perform DSR.
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Our results show how different the design artifact is as a DSR project outcome, but
also within the comparison of the artifacts the papers differ in their way of presentation.
Our observations confirm the findings of previous literature. For example, the degree of
abstraction of codification varies greatly by design outcome, which is consistent with
the findings of Wache et al. [36].

Design principles papers often follow the formulation guidelines of Chandra Kruse
et al. [19] and thus generate prescriptive design knowledge. With the derivation of our
five recommendations, we provide researchers and practitioners with guidance on how
to improve the codification of design knowledge. The recommendations are based on
our literature review and offer scope for further research. For example, further research
can address the evaluation of these recommendations or further elaborate them into a
framework for codifying applicable reusable design knowledge.

Due to our search string “design science” we cover a large part of design papers but
there are a vast of papers that design artifacts but use another term such as action design
research [37]. Further research could use these search strings and extend the search
to other design disciplines such as human-computer interaction, computer science or
specific conferences such as DESRIST and analyze how they codify design knowledge.
Our analysis focus on journal papers could lead to a possible bias of editorial policies
in these journals which often forces design science researchers to submit their research
to design-related journals or conferences [38]. Overall, we provide a foundation for the
discussion on how to codify reusable and applicable design knowledge.
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Abstract. The Education and DSR track is a premier forum for research,
applications and experience reports on challenges and best practices in
(a) teaching and learning DSR as well as (b) using DSR for teaching and
learning. As curricula develop slowly, DSR is often underrepresented in cur-
ricula and courses on research design and methods, and we invite contributions
that offer guidance on what and how to teach in a DSR course in a way that
enables new and early career academics to conduct DSR according to high
standards.
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Design Science Research (DSR) focuses on the design, development and evaluation of
novel artifacts or new knowledge. Purposefully designed artifacts are not only key to
the design and management of effective information systems and technology, but also
for teaching and learning. It comes therefore at no surprise that education is among the
fields where (intervention) design-oriented scientific approaches have a long tradition
[1]. Across academic disciplines, there is an increasing interest in DSR where it is
being taught in research method courses and is also being used to address challenges in
teaching and learning. Therefore, relation of DSR and education has at least two facets
which we included in the DESRIST track on educational issues: (1) teaching and
learning DSR as a methodology and (2) designing and evaluating teaching and learning
approaches and systems.

As scientific curricula gradually develop, and in the face of the long-term domi-
nance of descriptive social sciences in business schools, DSR is often underrepresented
in programs and courses on research design and methods. We therefore invite contri-
butions that offer guidance on what and how to teach DSR in a way that enables new
and early career academics to conduct DSR according to high standards – not only on
the Ph.D. but also at the Masters level [2]. Besides offering an alternative research
paradigm to business school students and educating new generations of design
researchers, this field also allows to create synergies with related fields like
entrepreneurship [3] or organization sciences [4] whose methods education can benefit
from the experience in IS DSR education, just to name a few. Besides analyzing
specific DSR challenges and solutions in the context of research education, identifying
potentials and limitations of mutual learning between DSR education in research and

https://orcid.org/0000-0001-6239-6280
https://orcid.org/0000-0001-6704-0021
https://orcid.org/0000-0001-9383-2276


practice, reporting foundational research on DSR competencies and skills, developing
methods of teaching DSR competencies and skills, evaluating teaching and assessment
methods in DSR education, reporting empirical studies describing DSR education in
different contexts, reporting pedagogical approaches for DSR education in distributed
and remote digital environment, and analyzing educational technologies for DSR
education, DSR lecturers and students can benefit from presenting and disseminating
successful syllabi, teaching materials and experience reports.

Another aspect of the relation between education and DSR is that purposefully
designed artifacts are useful in solving many challenges within the educational domain.
The COVID-19 pandemic and resultant need for digital and remote education disrupted
education systems globally, forcing rapid digital transformation in weeks. The chal-
lenges encountered include the lack of human capability, digital technology infras-
tructure and related artefacts needed to support and enable digitally connected and
remote education. While being in the traditional academic settings, many educators did
not have the experience or skills in creating and delivering online courses and
assessments. This situation was further complicated due to the lack of readily available
and transformable digital contents, appropriate digital technology and required remote
connectivity. Following this disruption, new and promising artifacts have been
designed and evaluated that enable digital and remote education. Regardless of whether
traditional or novel forms of teaching and learning are concerned, the methodology of
DSR provides an effective and efficient way to develop innovative approaches, systems
and interventions. In particular, with the collaborative, participative and action-oriented
potentials of DSR, educational solutions may be planned, developed and managed in a
balanced, systematic, transparent and efficient way by referring to the vast design and
evaluation experience in IT and IS fields.

Exemplary uses of DSR in the educational domain are included in this track: DSR
is used to create a virtual toolbox to engage and guide teachers when creating their
courses. DSR was used to design e-assessment moderation systems and co-innovation
spaces. While applications of DSR seem promising, the DSR method is not yet well
established in curricula and in courses on research design and methods. Novice to
experienced researchers struggle with the many elements needed to convincingly
conduct and present DSR and to choose between multiple study design alternatives.
This can be assisted by uses of DSR in this track, including examples of research
design checklists and a DSR taxonomy aiming to help researchers when embarking on
DSR research. With this first DESRIST track on educational issues, we want to
establish teaching and learning issues as a permanent concern in the DSR community.
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Abstract. Online learning has gained an increasingly important role
at universities, schools, and companies, which was boosted by the pan-
demic to yet another level. Given that online teaching requires different
skills compared to traditional teaching, educators face challenges when
creating online learning. Research is looking at these challenges from var-
ious perspectives to provide guidance. However, the guidance provided is
often not interactive or engaging, and thus does not motivate to explore
possibilities in online learning more widely. This paper explores how to
design virtual toolboxes to engage and guide educators when creating
online learning. Conducting a design science research project, we propose
theory-grounded design principles and instantiate them in an interactive
toolbox. Our artifact is evaluated with educators from seven European
universities to iteratively improve the design foundation. We contribute
valuable design knowledge that enables researchers and practitioners to
develop tools in the field of online learning. In addition, we propose a
novel toolbox that supports educators when creating online courses.

Keywords: Design science research · Online learning · Virtual toolbox

1 Introduction

Online learning has become increasingly relevant in many areas such as schools,
universities and companies. The pandemic showed once again how important
well-designed online courses are today. In particular, the field of higher edu-
cation is transforming rapidly with emerging opportunities in online learning
[12]. Educators want to keep their teaching at a high-quality level. However,
compared to a traditional classroom setting, online teaching requires different
competences and presents new pedagogical challenges [20]. The way students
interact, and the way course content is delivered, changes radically with online
learning [17]. As a result educators need guidance on how to best design and
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deliver online courses [24]. A number of studies aim to support educators in
creating high-quality online courses. For example, research on online learning
theories or pedagogical approaches provides a starting point for designing online
courses that provide a good learning experience for students [2,4,26]. Other
researchers examine general success factors such as an increased social presence
for effective online teaching [30]. However, these studies do not provide action-
able guidelines, recommendations and activities that educators can implement
with reasonable effort in new or already existing courses. Research shows that
the quality of online courses is particularly dependent on educators adopting
practices appropriate for online teaching [6]. Therefore, other studies focus on
what competences a successful educator should have and how to acquire those
[28,35]. While checklists or locally collected slide decks in departments may pro-
vide guidance on acquiring certain competences, these are rarely interactive or
use visual elements - although interactivity can engage educators and support
them in their learning process [25,34]. In addition, there is no central repos-
itory for educators where all recommendations are gathered and presented in
a meaningful, actionable way. Aiming to fill this gap, we explore the following
research question: How to design a virtual toolbox in order to support educators
when creating online learning courses?

We address this research question by conducting a design science research
(DSR) project and develop an interactive and engaging, freely available toolbox
that is accessible to all educators to support them in creating high-quality online
courses. In three design cycles, design knowledge for virtual toolboxes for educa-
tors providing guidance on creating online learning is developed and evaluated.
Based on a literature review and a requirements’ elicitation workshop with edu-
cators, we propose four design requirements (DRs) and derive design principles
(DPs). These principles are instantiated in an artifact and evaluated. Building
on the evaluation results, the design knowledge is iteratively complemented and
improved, yielding a set of six DPs.

2 Foundations and Related Work

Online learning removes temporal and spatial restrictions of traditional teaching
and provides students with a good learning experience [29]. In online learning,
educators and students are at a distance while students access learning mate-
rials and interact with fellow students through technology [26]. To ensure a
reasonable learning outcome, online courses need to be well-designed [26]. The
pandemic pushed the need for online settings to yet another level, resulting in
many educators entering a virtual classroom for the first time. Given that online
teaching requires different competences than traditional teaching [35], educators
need guidance on what practices and tools to draw on when teaching online.
There are several studies that address how to best design an online course.
For example, studies on learning theories serve as a foundation for the devel-
opment of appropriate online course materials [2]. In the wake of the Covid-19
pandemic, studies on pedagogical approaches in online learning revealed that
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previously used approaches no longer work in a changed learning environment.
For example, as personal contact points in online environments are weakened,
Itow [19] recommends practices such as fostering a relationship with students to
improve the learning experience. Further research points to factors that make an
online course a success. For example, Richardson and Swan [30] showed that an
increased social presence in online teaching is an important factor for students
being satisfied with their perceived learning performance. Educators themselves
are crucial in improving the quality of online courses by applying practices that
are suitable for online teaching [6]. Therefore, several studies focus on the role
of educators [7]. Research suggests specific sets of competences that educators
should require to successfully teach online [28]. Moreover, Taylor and McQuiggan
[35] examine what support educators need to obtain these proposed competences.
For example, they indicate that educators need flexibility in learning new skills.
Otherwise, professional development doesn’t fit into already busy schedules [35].

To provide guidance, standards and frameworks have been developed to
enable educators to meet the current challenges. Baran and Correia [6] develop
a conceptual framework, indicating how educational settings can motivate edu-
cators exploring online learning possibilities by offering workshops, a peer-group
community or rewards and recognition. However, the study does not provide
practices that educators can immediately adopt in their online courses. While
handbooks [6] or checklists [5,31] provide more actionable guidelines, these tex-
tual descriptions of recommendations are not interactive or engaging and, thus,
do not motivate educators to explore the topic more widely [25,34].

3 Overview of the Design Science Research Project

Fig. 1. Overview of our iterative design cycles and their research activities

This research project follows the DSR approach by Kuechler and Vaishnavi [22]
to investigate design knowledge for toolboxes that enable educators to create
high-quality online learning. This approach is particularly suited to address our
research problem as it allows to solve a real-world problem by iteratively design-
ing, evaluating, and improving the artifact’s usability and applicability [16]. We
structured our research along the phases of awareness of the problem, sugges-
tion, development, evaluation, and conclusion in three cycles. Figure 1 provides
an overview of the actions performed in the respective phase of the DSR cycle.

The focus of the first cycle was to gain an understanding of the design
requirements (DRs) and to translate those into theory-driven initial DPs. We
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started with a workshop and a literature review to grasp the challenges educa-
tors face in creating online courses and assess the support research offers for those
challenges. In total, we purposefully sampled 38 educators, professors and other
lecturers from seven European universities from Sweden, Finland, Germany, Por-
tugal, France, Italy, and Spain, to elicit requirements for future guidance. Based
on the derived DRs, we developed a set of theory-grounded DPs that describe
the generic functions and capabilities of the artifact [8]. In particular, we built
our DPs based on the interactivity effects model [34], the multimedia principle
[25], and usability literature [27]. We instantiated the DPs in an initial artifact
and subsequently evaluated the DPs in semi-structured interviews and user tests
with four educators. The educators (avg. age = 31 years) were purposefully sam-
pled and had, on average, two years of experience with teaching in general and
1.5 years with online teaching. This first evaluation episode focused on usability.
For the interviews we followed the guidelines of Glaeser and Laudel [14] and,
building on ISO 9241-110 on human-system interaction, we developed an inter-
view guideline [18]. The ISO standard specifies principles to ensure the usability
of a system, i.e., its effective, efficient and satisfying use [18], which is why we
regarded it as a useful foundation for the evaluation interviews. The results con-
firmed the validity of the proposed requirements and revealed possibilities for
further improvement - leading to the addition of DP5 (cf. Sects. 4 and 5).

The aim of the second cycle was to enrich the design’s theoretical founda-
tions with an expanded literature review and to improve the artifact. Building
on the results of the first evaluation cycle and an in-depth literature review on
usability, we refined and extended the DPs. Accordingly, a new and improved
artifact was instantiated, which was evaluated using a focus group workshop. Six
purposefully sampled educators from various disciplines from Sweden, Germany,
Finland, and Portugal took part in the focus group workshop. These educators
were more experienced in teaching in general (on avg. 10.7 years), yet were rather
new to teaching online (on avg. 1.5 years). Hence, we considered them suitable
to evaluate the artifact. We decided on a focus group workshop since it offers
an opportunity for participants to discuss and build on each other’s comments.
The workshop structure was developed according to the recommendations of
Gibson and Arnott [13]. Results of the evaluation episode (cf. Sect. 5) provided
the starting point for the next cycle.

The third cycle focused on further refinements of the DPs and the artifact.
Prompted by the results of the focus group workshop, a literature review on co-
development approaches was conducted to further extend the DPs. Subsequently,
a final quantitative evaluation of the enhanced artifact will be performed. The
results of the three design cycles are described below.

4 Designing Virtual Toolboxes to Support Educators
in Online Learning

Based on three successive design cycles, we identified four DRs and developed
six associated DPs to contribute design knowledge for creating engaging virtual
toolboxes. The DRs and DPs are described in the following.
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4.1 Design Requirements for Virtual Toolboxes

We derive our first and second DR from a workshop with educators on the
topic of challenges in online learning and how to overcome those. Insights of the
workshop showed that educators are highly interested in new methods, activities
and tools that enable high-quality online learning. Yet, educators also pointed
out that they currently lack guidance in this area. Ideas such as the establishment
of training for educators before launching an online course revealed the desire
for a solution that allows learning about online course design. Thus, we formed
our first requirement: The toolbox should enable learning about how to improve
online course design (DR1).

In addition, workshop participants expressed the observation that existing
information about online course design often covers only conceptual founda-
tions. The educators stated that abstract information will not motivate them
to work on the implementation of recommendations. Hence, our second require-
ment becomes: The toolbox should provide actionable content to motivate the
implementation of practices (DR2).

Due to steadily enhancing possibilities of web applications, research indi-
cates that it is not sufficient to merely make the application usable, but it is
important to move beyond that [23]. One crucial aspect for the development of
successful online applications is that they engage users [11]. User engagement
is concerned with the quality of the user experience, highlighting the positive
aspects of interacting with an online application and creating a desire to use it
repeatedly [23]. Thus, to ensure that the artifact is used repeatedly, our third
DR is: The toolbox should engage users and inspire them to create high-quality
online courses (DR3).

To satisfy user needs, usability is a core aspect when developing an interactive
system [21]. This includes, for example, that users can easily understand for
which purpose they can utilize the system and how they interact with it. Further,
an accessible and familiar interface can help the user to accomplish the tasks [27].
Thus, our fourth requirement becomes: The toolbox should be easy to use and
provide a well-structured interface to reduce the effort required to create online
courses (DR4).

4.2 Design Principles for Virtual Toolboxes

In three design cycles, based on the DRs and insights from theory, prior research,
and two evaluation episodes, we propose six DPs that describe how to design
virtual toolboxes to support educators in creating online learning.

Research provides considerable evidence on how appropriate content design
can enhance users’ learning process [25]. For example, in order to understand
how a bicycle pump works, learners can read a text describing its functions.
However, when in addition to words, graphics explain the process, learners can
understand complex relationships more efficiently as both the visual and verbal
channels of the brain are used for learning [25]. These findings are grounded in
the multimedia principle, which states that humans tend to learn better from
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words and pictures combined than from words alone [25]. Thus, addressing DR1,
to support educators in learning how to design high-quality online courses, the
multimedia principle is incorporated in our first DP: Provide the toolbox with a
combination of textual and visual information to maximize the learning outcome
(DP1).

Interactivity has been identified as one of the main drivers of user engagement
[33]. It can be defined as “the extent to which users can participate in modi-
fying the form and content of a mediated environment in real time” [32, p.84].
An important observation regarding interactive systems is that users are active
and capable of performing actions, merely being passive recipients [34]. Sundar’s
[33] interactivity effects model suggests that interactive elements in the form of
modality and message interactivity promote user engagement. Modality interac-
tivity focuses on the features that are available on the interface to offer users the
ability to initiate interactions. Message interactivity implies that users receive
responses from the system depending on their previous actions [34]. Therefore,
to address DR3, we form our second DP: Provide the toolbox with interactive
elements to engage users (DP2).

In addition to modality and message interactivity, Sundar [33] showed that
source interactivity promotes user engagement. Source interactivity describes
the degree to which the interface allows users to manipulate the displayed infor-
mation from the system [34]. Thus, we propose: Provide the toolbox with cus-
tomizable elements that allow users to decide which details are important (DP3).

Research has shown that time is one of the greatest barriers for educators
to engage with materials or training for creating online learning [35]. Therefore,
it is particularly important that the content of the toolbox comprises explicit
guidelines that are easy to implement (cf. DR2). Thus, we form our fourth DP:
Provide the toolbox with specific implementation guidelines to ensure the adoption
of recommendations is quick and easy (DP4).

Results of our first evaluation episode revealed that functional as well as
content-related explanations are important for users’ understanding. In partic-
ular, usability literature provides guidance for the improvement of the artifact.
Nielsen [27] suggests providing a short and precise documentation to help users
understand how to complete their tasks. Especially, descriptions of how the tool-
box can be used and explanations of educational concepts applied in the arti-
fact should improve the usability [27] (cf. DR4). Thus, we enhance our design
foundation with: Provide the toolbox with a description of the content and the
visualization to support understanding (DP5).

During the second evaluation episode, participants of our focus group work-
shop expressed the need to foster a community around the toolbox. Research
indicates that a co-development approach can lead to higher user engagement
and an increased motivation to use the co-created toolbox [9,15]. A possibility to
add practices enables the user to continuously co-design the content of the tool-
box. Hence, educators have the opportunity to share their knowledge with fellow
educators. In addition, the toolbox is constantly updated with new recommen-
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dations and latest developments. Thus, we propose the sixth DP: Provide the
toolbox with elements that enable educators to complement the content (DP6).

4.3 Instantiation

Our proposed DPs were instantiated in a first artifact. The artifact was developed
using the JavaScript library D3.js, which allows developing interactive visual
elements using web standards. The toolbox is implemented as a website which is
freely available to all educators. To generate an initial content basis, we invited
educators from seven universities and seven European countries to share their
practices for creating and enhancing online courses. From those we performed
a data cleaning and derived generic recommendations and practices and used
them in the first artifact. So far, 12 practices and 11 tools are included in the
artifact. In the following, using an exemplary user story, we demonstrate how
the toolbox can be used and how the DPs were instantiated.

Fig. 2. Instantiation of the proposed DPs in a virtual toolbox

Imagine, an educator wants to design a new online course for the upcoming
term. As she does not have much experience with online teaching, she is looking
for guidance and visits the virtual toolbox. When opening the toolbox, she first
finds a short description of how to use the toolbox (cf. DP5; Fig. 2; A). In
addition, she is introduced to Bloom’s taxonomy [1], which is used in the toolbox
to structure the recommendations and practices. As the taxonomy categorizes
learning objectives into different levels of complexity, from basic knowledge to
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advanced creation [1], we regarded it as a useful structuring approach for the
toolbox (cf. DP5; Fig. 2; A). The instantiation of DP5 with a short description
of how to use the toolbox as well as the explanation of the educational concepts
applied in the toolbox ensure understanding and usability [27].

Next, a matrix visualization helps her grasp quickly which learning objectives
the different practices pursue (Fig. 2; B). The combination of visual content and
textual explanations enables a quick understanding of complex relationships and
thus supports learning [25] (cf. DP1; Fig. 2; B). Also, by hovering over and click-
ing on different practices, she can interactively explore them. This interactivity
is intended to support user engagement [34] (cf. DP2, DP3; Fig. 2; B).

Having found an interesting practice, she clicks on it to display specific imple-
mentation guidelines (cf. DP3, DP4; Fig. 2; B,C). This direct reaction of the
toolbox promotes interactivity and, thus, facilitates user engagement [34].

After exploring the toolbox for some time, she feels better prepared to cre-
ate the new online course. In order for more educators to benefit from it, she
shares the virtual toolbox with some more experienced colleagues and asks them
to upload their favorite practices. The upload element instantiates DP6 and is
intended to promote user engagement (cf. DP6; Fig. 2; D).

5 Evaluation

To evaluate our proposed design, we refer to the framework for evaluation in
design science (FEDS) [37]. We followed the FEDS’s recommendation to apply
the human risk and effectiveness strategy because a crucial goal of the evalua-
tions was to consistently prove the artifact’s benefits in real situations [37]. The
framework suggests to start with an artificial and formative evaluation early in
the DSR project and to quickly move on to naturalistic and summative eval-
uation [37]. So far, the artifact was evaluated twice at the end of the design
cycles.

The first DSR cycle concluded with an evaluation episode consisting of a user
test and semi-structured interviews with four educators. In the first evaluation
episode, we evaluated the design foundation from a practical perspective with
regard to usability. During the evaluation, the educators first explored the arti-
fact at their own pace. Subsequently, we asked them to complete tasks with the
assistance of the toolbox, e.g., selecting an online learning activity to energize
students. The tasks were designed to help us determine possible comprehension
or usability issues related to the artifact. Semi-structured interviews based on
ISO standards enabled us to evaluate whether the artifact is easy to use and
identify usability issues. In sum, we received positive feedback regarding the
applicability and usability of the toolbox in creating online courses. In addition,
we received valuable feedback on the importance of improving understanding
for the use of the artifact. To enhance usability, we thus extended our design
foundation and included DP5 specifying a short introductory description of the
toolbox and the concepts used.

For the second evaluation episode, we conducted a focus group workshop to
evaluate the artifact’s applicability. Further, we evaluated whether the proposed
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DPs and the resulting artifact meet educators’ needs of getting guidance when
creating online courses. Educators explored the artifact and answered a set of
open-ended questions such as “How would you use the toolbox to assist you when
creating online learning?”. The questions initiated a discussion on improvement
potential and further development ideas. The resulting rich data set provided
a useful source for our evaluation phase [36]. This evaluation episode revealed
the need to build a community around virtual toolboxes to continuously extend
the content. As a result, we reviewed literature on co-development approaches
and added an additional design principle, DP6. DP6 contains the possibility for
educators to co-design the toolbox with the submission of own practices and,
hence, addresses the evaluation results. Finally, the evaluation results indicated
that the artifact motivates users to explore more, e.g., participants expressed that
the hovering functionality makes them curious to get more specific instructions.

6 Discussion

6.1 Implications for Research and Practice

In this research paper, we propose and evaluate a design foundation that guides
the development of a virtual toolbox to support educators when creating online
learning. In particular, we propose six theory-grounded DPs, that we instantiate
and evaluate in three design cycles. Overall, the results of our evaluation indicate
that designing a toolbox based on our DPs can engage educators and guide
them in creating online learning. We therefore contribute with valuable design
knowledge that extends previous research [31,35] on guidance for creating online
learning and serves as a starting point for future research. In the following, we
want to point out the main contributions of this research paper.

Our design foundation was developed and evaluated in close collaboration
with educators from various European universities. The DRs indicate which
requirements tools should fulfill to support educators in creating online learning.
Not only the toolbox’s content is important, but also its representation. Further,
the DPs build on insights from theory and prior research and, for example, seek
to foster user engagement by providing interactive elements. Our results revealed
that an interactive visualization as well as actionable guidelines reduce the effort
and increase educators’ motivation to learn about high-quality course design.
Thus, our results open up future research opportunities for developing guidance
for educators. Future research might draw on the presented design knowledge to
explore how to develop support tools in adjacent areas. Studies in the field of
lifelong learning indicate that besides university, learning continues in all areas
of life [3]. Hence, the proposed generic DRs and DPs might be used to create
interactive tools that engage users and promote learning, e.g., in the context of
corporate knowledge transfer [38].

Furthermore, the introduced interactive freely available virtual toolbox pro-
vides educators with a novel tool to interactively learn about online course
design. It not only provides suggestions for practices that have proven to be
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successful in online learning, but also actionable recommendation on their imple-
mentation. The toolbox visualizes the material in an interactive way to motivate
educators to explore it and to improve their online courses. In addition, with the
co-development approach, educators have the unique opportunity to actively
share their experience and co-create online learning.

6.2 Limitations and Future Research

Although our research follows established guidelines for conducting DSR [22],
there are some limitations that need to be discussed. So far, we conducted two
evaluation episodes, including interviews and a focus group workshop. However,
our evaluation remained formative, which is why our artifact will need to be
evaluated in another summative evaluation [37]. Second, we note a limitation
with regard to sampling the workshop participants in the second evaluation
episode. The toolbox has been iteratively developed and tested in collaboration
with educators that have already started exploring online teaching. This might
indicate that they have an intrinsic interest to improve their online course design,
which might bias their evaluation of the artifact. Therefore, future evaluation
episodes should also consider educators that have no prior experience.

These limitations also point the way for future research activities in the
third cycle of our DSR project. We will conclude the third design cycle with
a summative evaluation, conducting a field study with a diverse set of educa-
tors. Following Checkland’s [10] guidelines, this evaluation episode will focus on
the impact the artifact has on efficacy, effectiveness, and efficiency. That is, we
examine whether the artifact supports and improves the design process of online
teaching (efficacy); whether the artifact can be used successfully for creating
online courses (effectiveness); and whether the use of the artifact requires an
inappropriate amount of time or any additional resources (efficiency).

7 Conclusion

Schools, organizations, and higher education are in a stage of transition towards
online learning. Yet, designing online learning requires different skills and meth-
ods compared to traditional teaching. Hence, educators seek guidance on how to
create online courses. This paper presents the findings of our DSR project on how
to design a virtual toolbox that guides educators in creating high-quality online
learning. We derive four DRs and six theory-grounded DPs, that are instantiated
and evaluated with educators. The proposed design foundation may serve as a
knowledge base to develop engaging online tools providing guidance with online
learning. In addition, we present the virtual toolbox for creating online learn-
ing - a powerful tool that can interactively guide educators striving to create
high-quality online learning. Our evaluation shows that the toolbox can increase
educators’ motivation to learn about high-quality online course design.
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Abstract. Students that first learn about and wish to apply Design Science
Research (DSR) perceive difficulties in communicating DSR research designs.
This, however, is an important communication use case, since more senior design
researchers need to gain a good understanding of the DSR research design propo-
sitions in order to provide adequate feedback and thus, support the new genera-
tion of design researchers. This study features an artefact that fills junior design
researchers’ unsatisfied need for support in presenting DSR research designs.
The artefact was built based on knowledge from the problem environment (i.e., a
research methods course) and the emerging body of literature on DSR communi-
cation. It is evaluated in a natural field experiment, and the results indicate that
the artefact is useful. A contribution of this article is the artefact itself, which is
presented explicitly and can be re-used freely by DSR instructors.

Keywords: Design Science Research · DSR communication · Teaching support

1 Introduction

In a feedback session about research design proposals, a student who pitched a Design
Science Research (DSR) research design came up to the teaching staff—including the
author of this article. He asked: “How am I supposed to present a convincing DSR
research design if I have not conducted the study yet? Unlike in descriptive research, I
can hardly predict the iterations, the requirements for a solution, or even the outcomes.”
With that question, this student is not alone. Across various DSR courses and eight
semesters of a researchmethods course (including both descriptive and design research),
the author observed that presentations of DSR research designs are often ill-structured,
unclear, and considered by students as being more complicated than presentations of
descriptive research designs. While most students understand the underlying principles
of DSR, their difficulties in communicating a study design make evaluating their course
performance, their research designs, and ultimately the course itself difficult for DSR
instructors. Having identified this issue as a problem class, the author has conducted a
DSR study to create a communication support artefact that instructors can provide to
their students, as outlined in this article.
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In a broader context, presenting and interpreting Design Science Research (DSR)
work has been found to be challenging for design researchers, reviewers, and editors
alike [1]. This is not just an issue that concerns junior design researchers and students
but also more experienced researchers seeking to express their design research projects
and outcomes in an acceptable form [2]. Thereby, “given the complexity of DSR projects
and the various ways a DSR project might contribute to (design knowledge), how com-
prehensively and effectively a DSR project is planned and communicated can effect
its likelihood of success” [3]. The DSR community has recognized the importance of
communication [4] and brought forth support for various specific communication situ-
ations [e.g., 1, 3, 5, 6]. While this support tends to focus on article-writing, many other
communication situations exist (e.g., grant proposal writing, project pitch meetings, or
student presentations [7]). This article contributes to this growing DSR communication
literature by adding DSR students’ use case of communicating DSR research designs.
This is a relevant use case because better communication of research plans by junior
design researchers allows instructors to provide them with better feedback and to help
them create better DSR studies, contributing to their professional evolution into effective
design researchers. That the educational context for DSR is a current and high-relevance
issue for the IS community can be evidenced, for example, by the fact that there was
a professional development workshop at ICIS 2021 entitled “Teaching Design Science
Research” [8], or that there is an “Education and DSR (EDSR)” track at DESRIST 2022.

In this study, the DSR methodology by Peffers et al. [9] is used as a reference
approach. After presenting the knowledge base and how this reference approach was
implemented, the emerging artefact is presented in its entirety. It is a checklist artefact
that DSR instructors can provide to their students. It informs students about what to
present, in which order, and, to some degree, at what level of abstraction. The article
ends with the evaluation of the artefact. A natural field experiment was used to evaluate
its effectiveness in the real-world context.

2 Background Knowledge

This background knowledge section provides pointers to literature that support the rele-
vance of the research problem and the need for an artefact, as well as relevant knowledge
for the artefact creation.

2.1 Context of the Research Problem and Need for a Solution

Already in their seminal article about the DSR methodology, Peffers et al. [9] have
identified “communication” as a relevant topic for design researchers. While the com-
munication of DSR projects was not focal in their article, it has two main appearances.
First, it is the sixth phase of a DSR project (i.e., the summative communication of a
DSR study): “Communicate the problem and its importance, the artefact, its utility and
novelty, the rigor of its design, and its effectiveness to researchers and other relevant
audiences” [9]. Second, Peffers et al. [9] suggest that design researchers may use the



DSR Teaching Support 447

DSR methodology as a guiding framework for communicating their research projects
(“This effort contributes to IS research by providing a commonly accepted framework
for successfully carrying out DS research and a mental model for its presentation”, [9]).
In the subsequent years, a stream of DSR Communication literature has slowly started
to manifest itself. It contains analyses about publication-related problems [e.g., 4], as
well as support for effectively communicating research projects. These discussions are
mostly concerned with summative, academia-facing article-writing [1, 9, 10], but there
is also guidance on how to communicate aspects of design research projects (e.g., the
problem space [5]; design theory [2]; design principles [2]), or how to present projects
to non-academic audiences [e.g., 3, 6].

Especially junior design researchers seem to seek andbegrateful for explicit guidance
on how to present their design research projects (e.g., as cited in [4]: “Thanks to the
DSR giants for publishing guidelines on DSR. This was very helpful in knowing how to
present our work.”). While there is a further need to develop support for communicating
DSR projects in general, one particular research gap is that there is a lack of support for
presenting DSR projects at earlier (non-complete) project stages [3], including project
plans [7]. The latter is an important communication use case for junior design researchers
and students. After all, more experienced design researchers can provide useful feedback
only if the project plans are communicated effectively. In the design research study
presented in this article, this use case provides the research problem (i.e., lack of guidance
on how to present DSR research designs in the context of teaching DSR). The research
question is: How can students present their DSR research designs in the context of a
research methods course?

2.2 Knowledge that Informs the Artefact Design

The knowledge that informs the artefact design includes two conceptually different parts:
knowledge from and about the problem environment and knowledge from past research
[11, 12].

Knowledge about the Problem Environment and Design Requirements.
Because the design requirements for a solution are based on the problem environment,
the problematic communication use case is presented before the design requirements.

The communication use case is the presentation of a DSR research design in the
context of a research methods course. The specific course used for implementing and
evaluating the artefact is a master course at a Swiss university in a business innova-
tion program. The students learn about descriptive and prescriptive research during this
course. They construct research designs in small groups as part of their graded assign-
ments. After two intermediary presentations of their research designs, the students record
a voice-over-PowerPoint presentation. That presentation can be up to fifteen minutes
long, and it is the primary constituent of their examination. For this reason, the students’
motivation to perform well (i.e., to convince the professors of their understanding of the
course contents and their ability to apply this knowledge) is high. The students are free
to choose with whom they wish to form a group and for what research problem they wish
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to create a research design. They can create a research design for a descriptive or for a
prescriptive research project. However, the interest for this article lies in the prescriptive
research projects.

In an initial, pragmatic design iteration, the instructors have created a general check-
list about what students ought to present in the final presentation to satisfy the informa-
tional needs that underlie the grading. This has proven helpful for students that presented
descriptive research project designs. However, the groups that opted for DSR research
designswere unsure aboutwhat aspects of their research designs to present, inwhat order
to present them and how to explicate iterations. With this starting point, the research
problem for this design research study was identified. To further clarify the problem and
specify the design requirements, the author has elicited the needs of the instructors and
created a set of design requirements based on discussions with the instructors and the
course materials. The following tables present the informational needs and the design
requirements for an artefact that emerged from this process.

Table 1. Informational needs to be satisfied by student presentations

Informational Aspect: Questions to be answered

Research Problem: What is it, how does it materialize, why does it not disappear?

Research Question: What is it, how does it specify the problem, why is this sensible?

Research Gap: What is the gap, and how was that gap identified/investigated?

Knowledgebase: What is it in this study, how is it used, and why?

Methodology: Which reference approach is used, how was it chosen and applied?

Design Requirements: What are the requirements, how are they elicited and why so?

Procedures: Why are which procedures used for artefact design and evaluation?

Target Outcomes: What is it, and why is the proposed approach suitable to reach it?

Table 2. Requirements (R1–4) of instructors and students toward a supporting artefact

R1: The artefact must specifically support students in presenting DSR research designs in the
context of a research methods course

R2: The artefact must support the students in creating presentations that satisfy the central
stakeholder needs

R3: The artefact must support students in the explication of their research design presentations

R4: The artefact must integrate well into a research methods course environment
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Knowledge Based on Past Research. This study is informed by research about general
DSR communication (in particular, a general framework for DSR communication, see:
[7]) and existing approaches for addressing related communication issues.

General DSR Communication. According to the framework of DSR communication in
[7], effective communication of DSR projects relies on characteristics of a specific com-
munication situation and a communication design process (Fig. 1). The characteristics
inform the process, and these include the role of the audience, the means and format
of communication or the project stage. According to the explanations in their article,
characteristics of a communication situation have consistent effects on how the commu-
nication is designed. For example, the role of the audience is the main determinant of the
purpose of communication, and the stage of a project affects the selection of contents and
how these content elements are presented. The communication design process consists
of five steps, during which knowledge about the communication situation is accounted
for.

This framework is use case agnostic and should therefore also be applicable to the use
case of student presentations. “Applying” it can mean one of two things in this context:
Either the framework is used to communicate a DSR project (including the last step
of explicating the communication story), or the framework is contextualized by adding
information about a use case to generate more specific guidance [7]. The latter is the
approach chosen for answering the research question and, thus, the need for guidance
in the use case of student presentations of DSR research designs.
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Fig. 1. Framework of DSR communication, [7]

Using One-Page Overview Artefacts. One approach to shaping such guidance is based
on the idea of a single-page portrayal tool. Succinct overviews tools that help capture
complex information are also referred to as visual inquiry tools [13]. Such tools are
gaining traction as solutions to help navigate complexity. A famous example of such a
tool is the Business Model Canvas [14]. There are two recent IS contributions in the
context of communicating DSR projects that use the underlying principle of creating
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an overview of essential aspects that should be accounted for [i.e., 3, 15]. Fundamen-
tally, these contributions present a sheet with pre-defined boxes into which a user can
insert information. The usefulness of these artefacts lies in the purposeful selection of
adequate dimensions (boxes) to fulfil the purpose of the tool [13]. The DSR grid [3]
consists of six dimensions deemed essential to describe a DSR project comprehensively
and effectively (problem description, input knowledge, research process, key concepts,
solution description, output knowledge). While these dimensions are described further
in the manuscript, the ‘DSR grid’ itself is visualized with white boxes (i.e., without
trigger statements that clarify further what information should be added to each box). In
contrast, the Portrait of Design Essence [15] consists of nine dimensions, each of which
is described with a triggering statement (i.e., an instruction on what to insert into the
boxes). Both help identify what is essential to be communicated about a design research
project and both simplify the communication task by focusing on core dimensions. This
general idea is also used for the artefact that is created in this study. After all, the dimen-
sions that are essential can be specified (based on the informational needs of the audience
of the use case, see Table 1). Based on the problem description, merely providing general
statements about necessary contents (similar to the dimensions without further prompts
in [3]) is ineffective for the focal use case here. However, adding specific prompts might
be useful (as in [15]).

Using Lists of Ordered Items to Ensure Completeness. In DSR methodology literature,
the provision of general dimensions to consider or core guidelines to follow have gained
acceptance while raising requests for more specific instructions (e.g., in the case of
the seven guidelines in Hevner et al., 2004; see: [16]). Hence, while it is perceived as
beneficial to knowwhat categories to consider, further information about how to proceed
is sometimes necessary. This can be implemented, for example, by using prompts (see
[15]) or through checklists [16]. Using checklists as guiding artefacts is not new to IS
DSR (see for example: [17]), and even to teaching DSR [8].

3 Methodology

This section describes how the reference approach (i.e., the DSR methodology, see [9])
was applied to the research problem in this study and what procedures were used to
ensure that the evaluation is rigorous.

3.1 Reference Approach

This study relies on the DSR methodology [9] and considers both the relevance and the
rigor cycle in the sense of the three-cycle view of DSR [11]. This implies that (1) the
research is informed by the problem environment and the existing knowledge base, (2)
that the research contributes to the problem environment and the knowledge base, and (3)
that the problem environment is used for evaluating the artefact to ensure its usefulness.
The coupling of the DSR methodology and the three-cycle view of DSR is illustrated
in Fig. 2, where the reference approach (DSR methodology, gray) indicates the general



DSR Teaching Support 451

research process. The rigor cycle (ensuring that the study is conducted rigorously and
that it builds upon and contributes to existing literature) and the relevance cycle (ensuring
that the research addresses a relevant problem and that the solution is useful) indicate
how this process is informed and how it contributes to the knowledge base and the
stakeholders. These two cycles are presented in black. The third cycle is the design
cycle, which is depicted in the original DSRmethodology (gray). Figure 2 also indicates
the section numbers in which at least some of the respective processes or results are
described.

3.2 Procedures

Not all steps and certainly not all aspects of each step of a DSR project can be presented
in a single research article [1]. For this reason, the contents that are outlined explicitly
need to be selected [3]. Regarding the operationalization of the research design (i.e., the
procedures used), two central processes are presented here: The demonstration of the
artefact (i.e., its implementation in a research methods course) and the evaluation of the
artefact (i.e., a natural field experiment).

Demonstration. The artefact was created in collaboration with two lecturers of a
research methods course. The final version of the artefact (see Sect. 4) was approved
by these lecturers. They confirmed that they believe that student groups would be able
to convince them more effectively of their understanding of the DSR methodology and
of the suitability of their DSR research designs if they use the artefact as compared
to the status quo without it. The author has thereafter implemented the artefact in the
course material of this research methods course to demonstrate that it can be used in
its intended environment. Specifically, the artefact consists of four parts (see Sect. 4),
each of which was placed on an individual page of the slide deck that is presented to the
students. The artefact was placed in the course presentation along with the instructors’
general checklist (see Sect. 2.2). With that, the conceptual and operational feasibility of
the artefact (i.e., the demonstration) is fulfilled [9].

Evaluation. The demonstration merely provides evidence that the artefact should work
and that it can be implemented or used in its intended environment. It is the task of amore
formal evaluation to provide evidence of how well the artefact performs in practice [9].
The identification of observable effects in a natural environment is a research goal that
requests for high external validity (hypothesized effects can be observed in the natural
environment) rather than internal validity (hypothesized effects between constructs can
be observed in a controlled environment [18]). While experiments are generally suitable
to test hypotheses, it is the natural field experiment that is best for testing external validity
[18, 19]. For this reason and given the research question and the access to a research
methods class, the author opted for conducting a natural field experiment to evaluate the
artefact.
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Fig. 2. Implementation of the DSR methodology in this study [9, 11]

The field experiment is natural in the sense that it is conducted in the natural envi-
ronment, within which the effect of the manipulation should become observable (i.e., an
improvement of student presentations), and the participants remained unaware of their
participation in the experiment. To operationalize this experimental setting, two condi-
tions were used. The first condition is a control group. For this group, the presentations
from spring of 2019 were used. Because the subsequent year would have been the spring
semester of 2020, an extraordinary semester in many respects during which a pandemic
disturbed both teaching activities, and student collaboration patterns, the presentations
of 2021 were used for the manipulated condition. The manipulated condition is char-
acterized by the provision and in-class presentation of the artefact, whereas all other
teaching material, modalities, and task descriptions remained exactly the same.

To evaluate the effects of the artefact, the recorded voice-over-PowerPoint presen-
tations of both conditions (n = 18, with 9 presentations per condition) were assessed
by independent design researchers. A total of 21 evaluators sequentially watched and
evaluated one of sub-set of four presentations, yielding a total of 84 observations (42
evaluations of the manipulated and 42 of the control group). The sub-sets given to the
evaluators collectively covered all eighteen presentations. The evaluators are themselves
design researchers, and they were acquired by using the personal network of the author.
After a short briefing about the task, the participants took, on average, 72 min. The study
was conducted as a double-blind design, where neither the instructor nor the evaluators
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themselves were aware of the condition of each presentation. Unbeknown to the eval-
uators, they each evaluated two presentations of manipulated and two presentations of
un-manipulated groups. The selection and order of the presentation were randomized
but with two presentations of each group in a set of four presentations.

The survey that the evaluators were requested to fill in consists of seven-point Likert
scale questions (1 = full disagreement, 4 = neutral, 7 = full agreement) about the
informational needs that students ought to fulfil (see Table 1). For example: “Research
Problem: It is clear to me what the proposed research problem is, how it materializes,
and why it does not disappear.” In addition, the evaluators were asked whether they think
that the students have understood well how to create a DSR research design (i.e., the
goal of the course).

4 Artefact Presentation

The design of the artefact itself is inspired by the ideas outlined in Sect. 2.2. Thereby,
the artefact design process was based on the framework of DSR communication (Fig. 1).
Hence, knowledge from the problem environment was used to contextualize this frame-
work. The design of the artefact was based on the idea of using one-page overview
artefacts, such as the boxes for various dimensions that need to be addressed by the
communication as presented in vom Brocke and Maedche [3], combined with trigger-
ing statements as presented in Chandra Kruse and Nickerson [15]. However, to provide
enough granularity (and thus, make the artefact more applicable), manymore statements
are used in this artefact than in [15]. The final artefact features four dimensions (‘boxes’
in the sense of the DSRGrid [3]) and 29 triggering statements. The artefact can be freely
re-used by instructors of DSR and is therefore presented in full here (Table 3). (While
the artefact can be presented on one page, it was presented to the students of the natural
field experiment split into one dimension per presentation slide).
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Table 3. Presentation of the artefact

Research Problem, Research Question, and Reference Approach 
1. The design problem is: ________________ (neutral description of the situa-

tion)
2. This is a problem for: _________________ (which stakeholder group(s)?)

i. … whose goal it is to: ___________ (focal goals that are not reached)
ii. … whose challenges include: _____ (problem-focused challenges)

iii. … in the context of:  ____________ (which context factors accentuate or 
perpetuate the problem?)

3. This is a relevant problem, because:  _____ (provide evidence, e.g., scope * 
scale, hence, number of stakeholders affected * effect size)

4. We focus on the specific aspect outlined in this research question: ________
5. The research objective is: _____________ (what should be designed?)
6. To achieve this, we proceed as follows: __ (summarizing statement indicating 

the research approach, e.g., the reference approach of Peffers et al., 2007)

Design Methodology and the Knowledgebase 
7. We use the following design methodology: __ (presentation of the operational-

ization of the approach, optional: references to, e.g., Peffers et al., 2007)
8. We justify the choices for our approach as follows: _____________
9. We research existing solutions as follows: ____________________

i. Existing solutions (from research and practice) are inadequate, because: 
___

ii. However, the following general explanations or solution approaches are 
promising as a basis for this project: ______________

iii. Based on this foundation, our contribution consists of: ___________ 
(name a specific artefact type and use this type consistently)

Requirements, Construction, and Validation
10. We gather, analyze, and prioritize the design requirements as follows: 

________
11. During the artefact construction, we proceed as follows: __________________
12. We validate our design as follows: _________ 

i. We iterate the design activity until the following conditions are met: __
ii. We show that the artefact is useable in practice by: ________

iii. We prove the usefulness of the artefact as follows: ________
13. (For each empirical study: Adequate description of data, namely:

i. What data is gathered? (quant/qual, content, volume)
ii. Why and to what end (in the construction process) are these specific data 

gathered?
iii. How exactly are these data gathered? Why is this a suitable approach?
iv. How are these data analyzed? Why is this a suitable approach?

Discussion and Implications
14. Our research design is based on the following assumptions/comes with the 

following limitations: ____________
15. Our research contribution (design knowledge) is: ___________
16. Our results enable the following future research: ___________
17. This is how our results provide usefulness to practitioners: ____________
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5 Evaluation Results

The evaluation results can be seen in Table 4, with the averages for the non-manipulated
(0) and the manipulated (1) groups and the p-value of a one-tail t-Test.

Table 4. Results and t-test from the evaluation of presentations

Item group: 0 (n = 42) 1 (n = 42) diff. t-Test

Clarity about the research problem 5.262 5.548 5.4% 0.160

Clarity about the focus of study (RQ) 4.976 5.190 4.3% 0.210

Clarity about the research gap 4.595 4.548 −1.0% 0.449

Clarity about the knowledge base 4.548 4.548 0.0% 0.500

Clarity about the general approach 4.619 5.238 13.4% 0.047

Clarity about the requirements 4.548 4.595 1.0% 0.444

Clarity about the design process 4.619 4.667 1.0% 0.440

Clarity about the artefact 4.786 4.714 −1.5% 0.409

Goal of the course achieved? 4.619 5.143 11.3% 0.036

Average across all items 4.730 4.910 3.80% 0.182

The average evaluation across all items is 3.8% higher in the manipulated groups
than in unmanipulated groups. However, this overall average effect is not significant (p
= 0.182). Indeed, many of the informational needs are neither negatively nor positively
affected by the manipulation. However, four items have received higher scores (clar-
ity about the research problem, the focus of the study, the general approach, and the
achievement of the goal of the course). Two of these items are statistically significant
(general approach: p= 0.047; goal of the course: p= 0.036). Hence, all else being equal,
the effect of using the artefact leads to better clarity about the research approach and
allows students to more clearly express their understanding of DSR (i.e., reach the goal
of a DSR methodology class). In natural field experiments, significance values tend to
be weaker than in controlled environments because of confounding variables. For this
reason, the non-significant but perceptible differences might indicate that the artefact
may still affect these variables (i.e., the clarity of the research problem and of the focus
of study).

Therewith, the main takeaway of the field experiment is that using the artefact (1) has
no negative effect on student presentations; (2) significantly improves the clarity about
the approach (“I understand which research approach was chosen, how it is applied, and
why this is a suitable approach for addressing the research problem”); (3) significantly
improves the users’ ability to convince the instructors that they have understood how to
create a good research design; (4) may improve the clarity about the research problem
and the focus of the study. Beyond these insights, the artefact furthermore satisfies the
requirements for a solution as outlined in Table 5.
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Table 5. Evaluation of the requirements against the artefact

Table 2 Commentary on requirement satisfaction

R1 The checklist was created for this use case and tested within the use case of
presenting a DSR research design in a research methods course, and students are
highly supported by the triggering statements

R2 Whereas only some of the informational needs are better satisfied with the artefact,
there were no adverse effects. Hence, there may be room for further improvement,
but the artefact has a positive average effect

R3 The prompts for each of the four dimensions of the artefact clarify what should be
presented and in which order

R4 The artefact integrated well into the course material in the course used for the
evaluation. However, the one-page format is generally suitable for distribution in a
DSR course setting (e.g., on slides or a PDF)

6 Conclusion

This study addresses the need of students of DSR for support in presenting DSR research
designs by considering both knowledge from the problem environment (i.e., research
methods courses) and existing literature (e.g., about communicating DSR in general [7],
presenting complex information [3, 13, 15], use of checklists [8, 16, 17]). By contextual-
izing the DSR communication framework [7], an artefact emerged that significantly pos-
itively affects the perceived student understanding and the clarity of their DSR research
design presentations. It can be easily re-used by DSR instructors, who can thus provide
better feedback and help students become better design researchers.

Because the communication of DSR in general (not only research designs and for
students) is a pertaining issue, future research could produce further artefacts that apply
to other situations, such as conference presentations, article writing, or practice-facing
communication—extending the emerging body of DSR communication literature.
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Abstract. Up to four generations are potentially involved in education and
workspaces. Thismeans that people of different generations can increasingly learn
together and share knowledge virtually in the digital age. Nevertheless, the princi-
ples for designing systems to support intergenerational knowledge sharing (IKS)
are inconclusive. Our results demonstrate the value of applying design science
research methodology to capture design principles for IKS systems. We articulate
what design goals should be considered and bring more conceptual clarity to this
phenomenon by presenting five design principles: a) positive personalization, b)
progressive design ecosystem, c) effectual system design, d) iterative goal reflec-
tion, e) coopetitive intergenerational tasks. By reflecting on the design process
and formalizing a class of design principles, we contribute to design-oriented IKS
systems in the digital age.

Keywords: Intergenerational knowledge sharing · Intergenerational innovation ·
Design principles · Design science research

1 Introduction and Problem Awareness

This study explores the design principles (DPs) underlying digital technology to facilitate
intergenerational knowledge sharing (IKS). IKS in this study is defined as knowledge
sharing between younger adults and older adultswith an age difference of at least 20 years
who interact with each other via digital technology [17]. The content of knowledge
sharing in this study relates to startup development, thus involving actors between older
(experienced) adults and young (potential startup) innovators. Given the current state
of the knowledge economy and the digital age, leveraging technology to facilitate such
collaboration is becoming increasingly crucial for organizations, including startups [1,
11, 20, 21]. For example, video calls can be used to holdmeetings, real-time collaborative
ideation using digital whiteboards [3, 11, 21], and physical objects and digital spaces
can be mixed to accommodate people with different technology backgrounds [7, 11].

On the one hand, research on IKS emphasizes the importance of identifying barri-
ers to digital media use for both generations, such as technology selection, complexity,
and user background [17, 21]. On the other hand, various strategies to facilitate digital
knowledge sharing between generations, such as different forms of gamification and
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competency-based learning, have been vigorously promoted to provide meaningful pos-
itive experiences [1, 3, 13]. However, there is limited research on the phenomenon of
digital platforms for IKS in the context of startup innovation [17, 20]. Existing IKS sys-
tems that could assist practitioners in designing IKS systems focus primarily on older
adults and grandchildren [3, 13, 21] and do not consider the principle of meaningful
experiences (and gamification) for diverse generations of adults or the principles of IKS
about startup innovation in the digital space [17, 20]. As a result, there is a scarcity of con-
solidated normative theories on building an IKS system for learning startup development.
This is a problem because it prevents the design inclusiveness of different actors [11,
21] in the startup ecosystem from combining and improving their knowledge. Therefore,
we address the lack of general knowledge for digital systems that facilitate knowledge
sharing in startup development between generations.

Outlining generic DPs as a set of proposed solutions to solve a (class of) problem
is a widely endorsed and favored strategy for informing practitioners and researchers
about technological meta-artifacts [10, 18]. In this regard, we contend that purpose-
driven normative DPs for IKS systems could promote more vital co-innovation [13, 14],
strengthen design for social inclusion [13, 17, 23], and assist practitioners and researchers
in understanding and improving universal technology design for knowledge sharing.
Hence, we formulate the following research question (RQ): How should knowledge-
sharing systems be designed to support startup innovation learning in intergenerational
ecosystems?

By proposing a set of design principles as meta-artifacts of study [8, 10, 16, 19], this
study leverages Design Science Research (DSR) to improve the status quo in research
and practice [19]. Meta-artifacts are human-made solutions to system design problem(s)
and can be products or processes for the (class of) problem(s) [8, 10]. As a formalization
for reflection(s) on the entire DSR, five principles are proposed in this study: positive
personalization that goes beyond individualization; a progressive ecosystem for flow
experiences; an effectual strategy in system design by optimizing the fit between avail-
able design resources and the competencies of different generations, iterative reflection
on goals; and finally, coopetitive intergenerational tasks, or orchestrating the power of
collaboration and competition. Five DPs are provided at a higher level of abstraction to
assist practitioners and researchers in comprehending the means to build IKS systems
for learning startup development. The following section describes the methodology in
detail.

2 Research Methodology

TheDesignScienceResearch (DSR)methodology [19]was chosen for this studybecause
it provides an iterative process for improving knowledge and meta-artifacts [10, 16, 19].
In DSR, the proposed meta-artifact is based on both scientific literature and expert/user
studies, with a series of assessments, performed to ensure rigor. DSR allows different
evaluations, both qualitative and quantitative methods [8, 16, 19] The results of each
process in DSR can be cross-referenced with the previous procedure so that knowl-
edge grows and is systematically refined in each cycle [19]. Moreover, the systematic
approach facilitates validating and generating valid DPs as produced meta-artifacts [10,
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18, 19]. Overall, DSR meets our requirements for a flexible and high-quality research
methodology designed to deliver design-oriented knowledge.

Fig. 1. Process-oriented design science research was applied in this study. Adopted from Peffers
et al. [19]

Based on the DSR process, the initial problem for this study was identified and pre-
sented in the previous section. The class of problems and design solutions was elaborated
through the reflection of a systematic literature review [22] in the objective definition. In
previous studies [17], the systematic literature review process of 75 pieces of literature is
explained in greater detail. The method was then combined with creative and abductive
thinking (or the selection of the best possible solution(s) to solve the problem based on
available information from literature and experience) during the design and development
process. Overall, three validation processes were conducted. Eval-1 validated the class
of problems quantitatively as meta-requirements based on the feedback of 72 partici-
pants (male: 48; female: 24; age range from 18 to >65 years). The number is based on
feedback returned after the questionnaire is openly visible to an online crowd-working
platform’s targeted audience. The Eval-1 is a Likert-scale on importance (1–5: strongly
agree) online questionnaire. The problem and positive expectations and various IKS
design interventions were gathered from the literature [17]. Design and development
were conducted based on identified relevant literature in the solution definition process
and followed by the artifact’s demonstration. The first demonstration of meta-design
was a paper prototype. The initial paper prototype was evaluated with the help of three
user experience experts, and the pre-evaluation results were used to develop a web-based
app as a high-fidelity prototype. The derived meta-requirements and the gained design
knowledge were compared with existing literature for the high-fidelity prototype.

The high-fidelity prototype was developed and evaluated. A two-stage process was
used to support the previous assessment results for the evaluation. The first stage,
known as Eval-2, consisted of an expert group discussion (N: 6; male: 3; female: 3;
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expertise: digital learning, digital collaboration, intergenerational collaboration, global
innovation, startup entrepreneurship). The number of participants was based on the avail-
able members of the invited group to participate in the study. This was followed by a
quantitative survey using the System Usability Scale (SUS) [2]. For the second stage,
called Eval-3, a set of questions based on the meta-requirements of the first iteration was
created to help guide the interview. These questions were used to find out what users
liked and didn’t like.

Eval-3 included ten participants, five of whom were German and five Indonesian.
The group was divided into younger and older adults. The number of participants is
relatively small, but a good number [15] for a qualitative study that provides an almost
perfect balancebetweenyounger andolder adults anddifferent cultural backgrounds.The
younger ones were under 35 years old, and the older ones were over 55 years old. For
the German group, two older and three younger participants were interviewed (three
women and two men). The Indonesian group consisted of two older and three younger
individuals (twowomen and threemen). The evaluation took about 60–80min per person
and could be conducted face-to-face or via videoconference. Participants first rated
the meta-requirements and meta-design to determine which requirements and design
features were most or least important. Participants then chose the order in which they
thought the meta-requirements and meta-design should be ranked.

Moreover, ten questions from the SUS [2] were asked of participants in Eval-2 and
Eval-3. SUS scores were calculated to identify which usability aspects can be improved,
combined with observations made during the demonstration, to identify further which
design features need to be refined and support reflection on proposed DPs. The following
section will present the meta-artifact of the study.

3 Result

Through the DSR process, this study generates prescriptive knowledge in the form of
artifacts [8, 10, 18, 19]. Artifacts can be software, frameworks, and guidelines [18]
representing DPs for developing research-based technologies and improving the status
quo. The artifacts of the study can be summarized in Fig. 2. Figure 2 shows the DPs
derived from meta-requirements appraisals and demonstrated meta-designs. Figure 2
depicts three rows of blocks related to different concepts: meta-requirements as a set
of goals, meta-design as interventions to address or achieve the meta-requirements [10,
16], and the proposed DPs based on iterative reflection. The top block is the meta-
requirements block, the middle block is the meta-design block, and the bottom shows
the DPs. The arrows connecting the blocks illustrate how the DPs are derived from the
meta-requirements.



462 I. Nurhas et al.

Fig. 2. Overview of design principles for IKS systems.

3.1 Elaboration on Meta-requirement

The meta-requirements derived from the design science research process are goals that
encompass both the expectations of the different generations for the IKS system and
the removal of barriers that (may) be encountered in IKS on specific topics (related to
global startup innovation). The identified meta-requirements include twelve elements.
The meta-requirements are higher-level abstractions of barrier dimensions that include
perceptual barriers (MR1): different perceptions due to possible cognitive or physical
limitations of particular generations [5, 7, 17]. The challenges of different styles and
preferences in (digital) communication [11, 17] (Source: Eval-1: “a different perspective
on technology”). (MR2) operational or technical challenges (Source: Eval-1: “older
people find it challenging to understand newer technology”), (MR3) emotional barriers
(MR4), cultural barriers (Source: Eval-1: “cultural decisions are difficult”), and (MR5)
institutional barriers [1, 14, 17] (Source: Eval-3: “it can be misunderstood as not to work
by other colleges in the workplace if the knowledge exchange platform is not yet known
and particularly conducted in a playful environment”).

Meta-requirements also include positive expectations of well-being and the devel-
opment of human potential as a goal of IKS [5, 6, 13, 17] These meta-requirements
are as follows: (MR6) connectedness with others (MR7) and playfulness [5, 6, 13, 17]
Motivation and engagement, and concentration (MR9). There is also a need for immer-
sion (MR10) and achievement. Finally, (MR11) social interaction for apprenticeship and
exploration (MR12), competency development, and self-assessment [3, 5, 7, 17, 20].

In Eval-1, although meta-requirements related to barriers on IKS had mean values
of importance of 2.87–3.06, more than 90% of participants agreed with the presence
of meta-requirements related to barriers. In addition, some comments on the compre-
hensiveness of barriers were as follows: “I think most are included,” “all are listed
above,” “there may be different approaches, but I think everything is included,” and
“the list is comprehensive.” Participants in Eval-2 and Eval-3 commented on a vari-
ety of goals and barriers, which provided insight into specific meta-requirements and
how to fine-tune them. In Eval-2, expert panels agreed that several meta-requirements
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were critical, including the gamification component [4, 6, 13], technical and operational
barriers, perceptual barriers, knowledge sharing and improvement, and social interac-
tion [7, 14, 14, 17]. Some comments on specific meta-requirements are as follows:
Technical-operational: “can be overcome with a little practice,” Knowledge sharing and
improvement: “I think this should be the main goal of collaboration in general,” “this
requirement can help improve and enhance skills.” In Eval-3, we discovered how impor-
tant the game aspect is for knowledge sharing: “it is crucial that people have fun with
the system and experience positive emotions,” and the usefulness of a consensus process
for knowledge sharing: “If you have a game, you can discuss it and learn from each
other, which I think is beneficial.” Unlike the experts on the panel, technical barriers
seem to be an essential factor in Eval-3 for both generations: “technical and operational
barriers are critical if you do not know how to play,” and “understanding how to operate
the system is critical.” The meta-requirements and associated evaluation criteria inform
the importance of playfulness, positive emotions, and technical and operational barriers
that should be prioritized for implementation.

3.2 Demonstration of Meta-design

The meta-design was developed by combining creativity with proposed interventions
from the literature while thinking about meta-requirements. Creativity is essential in
the design process that drives innovation to achieve meta-requirements [8, 10, 18].
Thus, design science research enables researchers to embrace creative risks and reflect
knowledge through practical instantiation [9, 10, 19]. Based on the reflection on meta-
requirements, the initial concept, which was based on previous studies [3–5, 7, 13], was
to make a digital board game that could be played in the same room and allow for remote
collaboration.

The board gamewas chosen because it can facilitate entertaining knowledge sharing,
promotes playfulness (MR7), interaction, and social relationships (MR6, MR11), and
more importantly, is accessible to a variety of age groups [3–5, 7, 13, 21]. A hybrid sys-
tem was developed that incorporates digital and physical space into knowledge-sharing
activities. A hybrid system was chosen to take advantage of physical objects in terms of
control interaction from non-digital experiences, with the goal of overcoming technolog-
ical and perceptual limitations and enabling immersive experiences [3, 7, 11]. Moreover,
a hybrid system was used to combine the strengths of the tangible and intangible inter-
face. The system provides a target narrative in the form of video, text, graphics, or
audio to effectively communicate the story and purpose of the system to MR2 andMR1.
Consensus-based knowledge sharing [12] is used to overcome perceptual and emotional
barriers through customization of the user interface and language to overcome cultural,
perceptual, and institutional barriers [4, 5, 17, 21].

The system incorporates game aspects such as leaderboards and digital incentives to
further encourage playfulness and concentration [3–6, 13]. In addition, synchronous and
asynchronous collaboration are used to facilitate communication and autonomous work
between generations [14, 17]. The meta-design was demonstrated in two design cycles.
A low-fidelity and a high-fidelity prototype demonstrate the meta-design to satisfy the
meta-requirements. Figure 3 shows a low-fidelity prototype created by applying the
meta-design to a paper prototype.
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The content of the game relates to the competencies, obstacles, and challenges
of entrepreneurship in digital startups to reflect the increase in topics related to
entrepreneurial universities [12, 17, 20]. A collaboration narrative was developed in
which each team had to collect one hundred points based on team members’ consensus
on the importance of a discussion topic related to competencies, obstacles, and chal-
lenges in specific innovation processes (four innovation processes: ideation, matching,
design and development, and commercialization) [17]. This cumulative score is divided
into four sections, each representing the four innovation activities. Consensus can be
reached when the team draws an action card that presents three topics for discussion
(each member gives a score, and after everyone is done scoring, the game displays all
the answers and compares whether there is consensus or not). The more consensus is
reached, the fewer action cards are removed, and the faster a team finishes the game,
the fewer action cards determine the best team to finish the game.

Fig. 3. Paper prototype meta-design for IKS system. C1: topic cards to achieve consensus; C2:
rating cards by the player; C3: action-cards instruction for the player to pick a topic for discussion.

Based on an initial test of the paper prototype with three user experience experts,
several improvements were suggested related to minimizing the process (or points to be
collected) to complete the game (Fig. 3, Innovation Board Journey), providing a brief
explanation of the topic of each discussion, and providing a visual overview of the points
collected by the group. Overall, the consensus mechanism can stimulate discussion (on
essential topics such as barriers, competencies, and competing interests of startups).
The paper prototype was transformed into a web-based application as a high-fidelity
prototype. TheMeteorjs framework1 was used to create a real-time application. A hybrid
environment was created using webNFC2. Action cards (Fig. 3, C1) and rating cards
(Fig. 3, C2) can be replacedwith printed near field communication (NFC) cards. Figure 4
shows a general view of the high-fidelity prototype, with a description of meta-design
written next to the picture. Each team has its own URL in the web app as a high-fidelity
prototype. Each player registers their NFC card via a browser on a smartphone or can

1 https://www.meteor.com/ (last access: 18.01.2022).
2 https://w3c.github.io/web-nfc/ (last access: 18.01.2022).

https://www.meteor.com/
https://w3c.github.io/web-nfc/
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play without an NFC card. Each player receives a short 3-min video that can be skipped.
This video explains the purpose and process of the game. After logging in to the main
dashboard, the consensus game scans the NFC action card. Communication is done via
video chat through JITSI3. In the case of consensus, there is feedback on the accumulated
points and animation in the form of a sound and fireworks celebrating the event. The
number of action cards in each activity of the innovation process is played out at the
end of the game as a reflection on which topics of discussion still have differences in
perception and which the team has the same perception of an issue. A leaderboard shows
the team’s position and which team completed the game with the fewest action cards.

Fig. 4. Web-based prototype for an IKS system.

3.3 Reflection and Formalization of Proposed Design Principles

Based on the series of evaluation processes in design research, fiveDPswere identified as
suggested system design interventions to support knowledge sharing in intergenerational
contexts. Comments from study participants were also used to support the analysis. The
suggested DPs, based on the overall process of DSR, are:

Positive Personalization: The IKS system should provide beyond customization and
a more personal approach to software and hardware design to support positive emotions
and wellbeing enhancement for a different generation. It personalizes the IKS system
design to enhance positive emotions such as joy, exploration, empathy, and compas-
sion, supporting embedded human potential and well-being. The meta-designs to fulfill
this DP are MD1, MD4, MD5, and MD7. There is a need for personalization for dig-
ital safety, dialog, accessibility, language, visualization, appearance, and localization
to support cultural differences between users and generations. Some of the competing

3 https://jitsi.org/ (last access: 18.01.2022).

https://jitsi.org/
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comments that go beyond customization and more about positive personalization are in
Eval-2: “Customizing is a “nice to have featured,” it does not impact the game’s results.”
Furthermore, from Eval-3: “I could not play this game in another language at all,” “It
is essential that people have fun with the game and have positive emotions. Otherwise,
there is no motivation for future games.”

Progressive Ecosystem: The IKS systems should enable environmental adaptation
gradually. The content, learning and adaptation process, challenges, and knowledge for
exchange improved gradually for the quality and quantity of the content. Progressive-
ness aims Where the changes go unnoticed by the user until the content and process are
finished or completely different. Progressive design in an intergenerational ecosystem
can be provided by showing the position, time, or progress of the knowledge exchanged
and the phase currently relevant to the knowledge exchange. Thus, the aim is to pro-
vide system feedback that is transparent, measurable, and (digitally) rewarding. Eval-2
contains some pertinent comments to the second DPs: “…it is vital to understand the
intention and phases of the game.” also due to time constrain in Eval-1:” Time involved
in learning about new strategies and redesigning courses.” Examples of meta-designs
to fulfill this DP are MD1, MD5, MD8, and MD11.

Effectual System Design: The IKS systems should optimize the availability of tech-
nology resources, user experience, and user skills to interact with the system. Effectual
interactive systems support interoperability and leverage current tools, available time,
and space for both generations to engage in knowledge sharing. Examples of appliedDPs
for this system areMD3,MD6, andMD10. Inmeta-design, some features have also been
applied to support the implementation of these DPs, such as web-based applications and
WebNFC, which can be used on different devices without installing a native application.
Some comments on these DPs are Eval-3: “I think it will be difficult for older people
to routinely use newer technologies,” “..When something is so complicated, especially
when you are older, it can really be a problem..” and “I think Synchronous collaboration
is very important and the dial-in video option is also good.”

Iterative Goals Reflection: The IKS system should help both generations identify,
evaluate, and re-evaluate common goals. The system should help manage shared goals
that are transparent, iterative, and based on the common interests of both generations.
The system should be developed based on reflections and goal narratives that are adapt-
able and clear through various forms of communication, such as text, images, and videos.
Some meta-designs applied to support this DP are MD2, MD7, MD8, MD9, and MD11.
Some comments that are relevant to this DP are Eval-2: “The continues discussion
supports the agreement between the team members,” “the game was really fun and a
new approach consensus about competencies, barriers and other aspects,” and from the
Eval-3: “I think it is more important to find a consensus with your team to learn about
each other…”.

Coopetitive Intergenerational Tasks: The IKS system should engage both genera-
tions with simultaneous collaborative and competitive tasks. Developing design strate-
gies that combine collaboration and competition in a playful environment can promote
knowledge sharing. Game elements such as earning points and the leaderboard are two
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examples that can be used simultaneously to provide coopetitive activities for both gen-
erations. Some comments supporting the need for this DP come from Eval-3: “It was
fun to play together, but it was also motivating to do well because you can compare your
results to the other teams,” “Motivation to finish well/fast because there is a leader-
board, so you seriously want to make it to the end,” “It is super handy to see where you
agree. That also promotes the whole idea of the game”. Some applied mate-designs for
these DPs are MD3, MD7, MD8, and MD11.

While the SUS score for the web-based application with 16 participants from Eval-
2 and Eval-3 was still not optimal at 46.7 (SUS-Eval-2 = 60.0; SUS-Eval-3 = 38.8),
the goal of the apparent prototype in this study was to demonstrate the applicability
of the DPs through meta-design and reflect user preferences to refine and gain a better
understanding of the DPs [8–10, 19]. According to observations made during Eval-2
and Eval-3, one of the main problems was the implementation of webNFC for hybrid
environments, where users spent most of their time trying to get the NFC card to work
through the web browser. The complexity of setting and activating the webNFC function
in the browser and the inconsistency of the content was the main technical challenges.
Users can use the systemwithoutwebNFC, but the inconsistent visual design instructions
and clear instructions on howknowledge sharingworks are also problematic. Overall, the
initial high-fidelity prototype still has room for improvement, particularly concerning the
SBS questions about usability (mean = 2.4 out of 5, the higher the better), instructions,
i.e., whether users need help using the system (mean= 3.6 out of 5, the lower the better),
and whether they need to learn a lot before they can get started with the system (mean
= 3.3 out of 5, the lower the better). Therefore, basic usability features such as precise
tasks or goals and ease of use are always important when designing IKS systems.

4 Discussion

In this study, fiveDPswere identified as salient design-oriented knowledge contributions
in terms of theoretical contributions. These DPs were derived from meta-requirements
and meta-design. Unlike previous studies [13, 14], this study diversified the content of
the IKS system in startup development and context for IKS, which could help prac-
titioners design IKS systems that focus on younger and older adults. Consistent with
previous research [3, 5, 13], gamification strategies positively influence both genera-
tions. Compared to previous studies, this study adds to the system requirements for IKS
in startup development [1, 13, 20, 21], which can be adopted in further studies on skill
development in academic and entrepreneurial settings.

In general, the results of the mixed-methods evaluation in DSR show that the identi-
fied meta-artifact is a promising approach to help IKS understand startup development
processes. Based on different contexts and design goals, some DPs should be prioritized
for further study. There is room for improvement in meta-design, narrative content of
questions, and selection of a more user-friendly hybrid technology.We demonstrated the
meta-design as part of the DSR artifact for practical implementation. We evaluated the
implementation of webNFC as a potential tool that can facilitate a hybrid environment
for IKS. The high-fidelity prototype demonstrates the applicability of the proposed DPs.
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On the one hand, the implementation of the meta-design serves to validate the rel-
evance of the meta-design as a practical intervention of the DPs. On the other hand, it
aims at a reflection process to better understand the relevance of the DPs to IKS. The
use of webNFC also allows the user to interact directly with the NFC card through the
web browser without installing a dedicated app (other technologies that could be used
for hybrid environments in the future include web-based augmented reality). As far as
we know, this study is one of the first studies to report on the use of webNFC.

Overall, some meta-design improvements are still needed to demonstrate the pro-
posed DPs better. However, some features and analyses can provide a solid foundation
for the further development of IKS systems. This research developed a more abstract
level of DP capable of covering all meta-requirements and meta-design. Qualitative
content analyses of experts, user preferences, and SUS also reflect the applicability and
relevance of meta-requirements to the study context. The results of this study contribute
to the provision of prescriptive knowledge based on problem-oriented research [19].
Implementing a hybrid environment using WebNFC leads to the application of new
solution(s) to new problems [8, 9]. The study’s domain-specific knowledge gained and
demonstrated was shared with the scientific community, startup entrepreneurs, and stu-
dents. As DSR emphasizes, effective research should consider applicable design [8–10,
19]. This study demonstrated that the DVs were appropriate for the study setting. The
iterative evaluation process led to a deeper understanding of the IKS system design. To
sum up, DSR was applied in this study to propose five DPs for the IKS system through a
serial evaluation process. The DPs were fine-tuned based on the meta-requirements and
meta-design.
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Abstract. The digital transformation within the global educational environment
led to a transformation in assessment strategies and the increased use of ICTs in
assessments. Digitization offers innovative teaching and learning opportunities.
But it also introduces new challenges to current quality assurance processes. A
narrative literature review revealed a scarcity of empirical evidence on dedicated
digital moderation systems and no representation of teachers’ views could be
found. The purpose of this paper is to report on an investigation into the require-
ments for a digital moderation (eModeration) system to enhance teachers’ user
experience (UX) of moderation practices in the school environment. Design sci-
ence research (DSR) is the paradigm applied to guide the alignment of the find-
ings from a literature review on eModeration requirements with the findings from
a Participatory Design (PD) intervention for eliciting UX requirements for an
eModeration system. The context is school teachers in South Africa. The method-
ological contribution of this paper is the transdisciplinary approach of using DSR
to guide both the literature review and the PD interaction towards a synthesis
of the requirements and the implementation in a prototype eModeration system.
The theoretical contribution is the evidence based UX design requirements of an
eModeration system.

Keywords: User experience · eModeration · Participatory design

1 Introduction

The increasing adoption of digital technologies in the education landscape has led to a
global transformation in assessment strategies [1].While digitization presents innovative
opportunities in the teaching and learning environment, new challenges are introduced to
moderation processes. Moderation is an aspect of quality assurance conducted at various
stages in the assessment process and refers to procedures used to establish confidence
in the outcomes of assessment decisions made by teachers [2, 3]. A narrative literature
review revealed a scarcity of empirical evidence on ICT-mediated moderation practices
[4] and no evidence of teachers’ requirements for a digital moderation system could be
found. This provides the rationale for our investigation into the requirements for a digital
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moderation system to enhance teachers’ user experience (UX) of moderation practices
in the school environment.

Moderation is a core requirement in ensuring the integrity of assessments and the
credibility of the educational system [5]. The transformation to eAssessment processes
[6] requires a corresponding shift from a paper-based to digital moderation (eModer-
ation) processes. Despite evidence of an emerging trend in eModeration research [4],
there is very little evidence of research into the UX of eModeration. Of the 37 papers
reviewed, 7 identify eModeration requirements, and of these, 3 investigated the teach-
ers’ perspective. Educational institutions are encouraged to shift as many activities as
possible to the “digital work-zone” [7, p. 369]. Thus, to ensure successful digitization,
educational institutions need evidence-based strategies.

Hevner et al. [8] propose DSR as an inclusive approach where technology and
their utility are evaluated in terms of the practical implications. March and Smith [9,
p. 251] emphasize that “Real problemsmust be properly conceptualized and represented,
appropriate techniques for their solution must be constructed, and solutions must be
implemented and evaluated using appropriate criteria.” Therefore, we select DSR as
the paradigm to guide this transdisciplinary study into how teachers can participate in
refining the UX requirements for a digital moderation system.

This article argues for actively involving teachers and moderators in refining the
UX requirements extracted from literature to obtain context-specific requirements for
an eModeration system. The research design involves a literature review and PD as data
capturing strategies. Despite the similarity in the goals of designing effective artifacts in
response to real-world problems, the intersection of DSR and PD is largely unexplored
and thus this study makes a novel methodological contribution.

2 Literature Review

A narrative literature review [10] was used to synthesize the requirements of an eModer-
ation system from the existing literature. A narrative review aims to consolidate previous
work to identify gaps in existing knowledge [11]. In selecting relevant literature, con-
ference proceedings and journal articles written in English with moderation as the focus
were included. Publications in domains other than education and eLearning systems
were excluded. Searches were conducted using specific IT database vendors like Web
of Science, INSPEC and Scopus [12]. This literature review into eModeration systems
draws largely from research by Berger [13], Rajamany et al. [14] and Van Staden [15].
Berger [13] and Van Staden [15] identify success features of information systems albeit
from different viewpoints. While Van Staden [15] discusses the use of an eModeration
system in the SA tertiary environment, Berger [13] discusses an eAssessment system
in tertiary education which, for the purposes of this research, has been adapted for the
digital moderation of assessments (cf. Table 1).

Rajamany et al. [16] identify eModeration UX requirements based on a triangulation
of data from a literature review, a survey of 64 moderators and teachers and a focus
group interview. Based on the literature, the general system features of an eModeration
system depicted in Table 1, were further refined to extract more specific eModeration
UX requirements. These UX eModeration requirements are depicted in Table 2.
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Table 1. Features of an information system

Requirement Explanation Reference

Reusability Ability to reuse content on different platforms [13, 14]

Manageability Ability of the system to track moderation processes [13]

Accessibility Access to and delivery of content irrespective of time or
place

[13, 14]

Durability Unnecessary to redesign content when the system is
updated

[13]

Scalability Marginal effort is utilized to expand the system [13]

Affordability The system must be cost effective for principal users [13, 14]

Security and reliability Each user should be authenticated [13, 15]

Usabality The system should be user friendly and intuitive [13]

Portability The system should be easily hosted on another server [13]

Infrastructure Access to adequate applications and internet
infrastructure

[13, 15]

Bandwidth Adequate bandwidth to increase system efficiency [13, 15]

Table 2. UX requirements identified from literature

UX requirement Reference UX requirement Reference

Annotation tools [13, 17] Legibility [17]

Audit Trail [16, 17] Multi-user technology [16]

Availability [14, 18] Notifications [19]

Capability [20] Output quality [20]

Compatibility [19] Productivity [[17, 19]

Completeness [20] Reliability [13]

Complexity [13] Reporting [19]

Confidence [19] Satisfaction with functions [20]

Cost saving [13, 17, 19, 21] Security [13, 19]

Cross platform [13] Self-efficacy [20]

Data Currency [20] Task performance [19]

Ease of use [16] Technical support [18]

Efficiency [18] Time saving [19]

External communication [16] Timeliness [19]

Flexibility [13] Training and Experience [16]

Format [13, 18] Usefulness [16]

Infrastructure and Resources [19] Voice over button [16]
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3 Methodology

3.1 Introduction

The research design is guided by the DSR paradigm with PD as the data capturing
strategy. DSR research uses design as the primary method to produce knowledge that
is new and interesting to a community [22, 23]. The fundamental principle of DSR
as a research method within IS, is the development of knowledge to either create new
products or propose enhancements to current artifacts [24]. Given DSR’s commitment
to change and impact, the users’ input and perceptions are imperative in ensuring the
relevance of the artifact for the target community [25]. Design artifacts can contribute to
the scientific body of knowledge, at the same time, these artifacts are expected to provide
solutions to practical problems. Considering this “duality”, DSR endeavors require the
collaboration of researchers and users [26, p. 2].

PD is amethodology that places “human beings at the center of the design process” of
technology solutions [27, 28]. PD uses the actions of “explore, approximate, then refine”
[29, p. 168] to describe the way in which stakeholders cooperatively design systems to
suit the needs of users [27, 28].

Having considered DSR and PD individually, we will now outline the points of
intersection and alignment between these methods.

• Design as a research technique: DSR makes use of design as a research technique
and its focus on human creativity provides a point of intersection with PD [27, 29].
Interestingly, this nexus has not been explored in any depth towards purposely aligning
these methodologies.

• Context as imperative: The objective of DSR projects is usually motivated by circum-
stances in the external domainwithinwhich designed artifacts are to be integrated [25].
This objective resonates with PD’s emphasis on user participation in the co-design of
products [30].

• Involving stakeholders: The objective of a DSR project to provide broader impacts
to stakeholders rather than merely developing and evaluating artifacts further aligns
with the objectives of PD [25]. Thus, participants’ interpretations contribute different
layers of expertise to the final outcome [31]. Indeed, Robertson and Simonsen [30,
p. 6] argue that results are more likely to be flexible, accessible, adaptable, and robust
when “different voices are heard, understood and heeded” during the design process.

• Inter-disciplinary application: PD is a research method used in the interdisciplinary
field of Human-Computer Interaction whereas DSR is used in Information Systems.
Therefore, a research design aligning these approaches towards solving a real-world
problem can be considered transdisciplinary. Transdisciplinary research is charac-
terized by an interpenetration of epistemologies as the dissolution of disciplinary
boundaries is a precondition for the construction of novel methodologies tailored to
the problem and its context [32]. The variability of criteria and indicators resulting
from the dissolution of disciplinary boundaries has the potential to create tensions
between disciplines, as practices for ensuring validity and reliability are dependent
on these criteria. This is managed by confining PD to the data capturing strategy so
that the interaction is limited to the transfer of requirements as explained in the next
section.
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Based on Drechsler and Hevner’s [25] four-cycle view of DSR consisting of the
iterative Change and Impact, Relevance, Design and Rigor cycles, this study considers
PDas a component ofDSR.Thus, the cyclical process of continual reflection and iterative
development characteristic of PD supported the DSR approach taken in this study (cf.
Fig. 1). The following section describes the stages in PD and then the fit between PD
and DSR is described based on the DSR process depicted in Fig. 1. The three stages in
PD research, as identified by Spinuzzi [29] are:

• Stage1: Initial explorationofwork - during this stage, designers familiarize themselves
with all aspects of how users of the system being developed work including the
technologies used.

• Stage 2: Discovery processes - the discovery processes allow designers and users to
clarify the users’ goals and to agree on the desired outcome of the project.

• Stage 3: Prototyping - during this stage, designers and users iteratively shape tech-
nological artifacts to fit into the envisioned work environment of Stage 2. Working
prototypes using the inputs of one or more users may be conducted in situ.

Stages 1 and 2 of the PD process occur within the Change and Impact and Relevance
cycles of the DSR process where the emphasis is on a general understanding of user
needs and the environment in which the artifact will be deployed [25]. During this stage,
user needs were elicited from the literature review. Stages 2 and 3 overlap with the
Relevance, Design andRigor cycles ofDSRwhere designers seek to understand thework
environment and artifacts are iteratively designed for the specific context in which the
artifact will be implemented [33]. On the Relevance side, the need for a new artifact was
articulated as eModeration requirements based on the literature review and participant
comments. On the Rigor side, applicable knowledge was obtained from the literature
and triangulated with the empirical data (teachers/moderators input in PD design). Thus,
the collection of data relating to UX requirements of an eModeration system during the
PD workshops occurred within the Relevance and Design cycles of the DSR process.
The stages are repeatedly revisited in the PD methodology thus facilitating information
flow between stages 1 and 2 and stages 2 and 3 within the iterative processes of DSR.

3.2 Data Collection

This study required the collection of opinions from stakeholders who have experience
in the moderation process. A purposive sampling technique was used to select domain
experts based on their proficiency and experience of moderation processes. Thus, data
was collected from a sample of teachers and moderators with the ability to communi-
cate their experiences and opinions in an articulate, expressive, and reflective manner
as recommended by Etikan et al. [34]. Data was collected from 15 national, regional
and cluster moderators and teachers during two PD workshops in November 2021. All
participants were double experts, i.e., experienced IT teachers as well as experienced
moderators having more than 5 years of experience in their positions as IT teachers
and/or moderators.
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Fig. 1. Mapping of participatory design to DSR (based on Drechsler and Hevner’s [25])

Participants firstly worked individually to answer five pre-defined questions rang-
ing from determining the need for an eModeration system to detailing the functional-
ity to include in such a system. Participants thereafter worked in groups of between
three and four to brainstorm ideas for the most important functionality required. Each
group created idea webs (cf. Fig. 2) based on a standard outline detailing the stake-
holders of an eModeration system, the requirements of an eModeration system, the
constraints/challenges to the use of such a system and the important functions that the
system should have [14]. Considering the stakeholders, two of the four groups identified
assessment and verification bodies as additional stakeholders. Regarding the constraints,
load shedding, bandwidth and connectivity were issues that all groups identified as of
concern. All groups identified alerts and notification of progress as important features
of an eModeration system which supports findings from the literature (cf. Table 2).

Fig. 2. Idea webs

3.3 Results

The requirements and functions that participants indicated on their idea webs and brain-
storming posters formed the basis for eliciting teacher requirements for an eModeration
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system. The functional and UX requirements from the PD interactions were imported
into Atlas.ti version 9 to analyze the data. The themes and codes were thereafter itera-
tively refined. Table 3 indicates participant responses and the coding specifically for the
functional UX requirements for an eModeration system.

Emphasis was placed on the help functionality, the need for a quick response time,
customized notifications, platform independence and multiple subject integration.

As indicated in Table 3, participants included additional requirements that were not
evident in the literature reviewed (cf. Table 2). For instance, a progress bar, a ticketing
help system, and a FAQ section. Notably, these requirements contribute to aspects that
domain experts regard as integral to an eModeration system thus adding value to the
existing body of knowledge.

Table 3. UX requirements identified from PD workshops

Theme Quotation Code

Functional requirements “History of moderation”; “History of proof
of moderation”; “A visual timeline showing
who did what and when”

Audit trail

“Ensure security; “Some other people could
see my work or students work”; “Login
with secure email and password”

Security

“Ability to cross-reference and synch with
all documents or items moderated”

Synchronization

“Stage by stage analysis of
content/completion; “Show development of
moderation”

Progress bar

“Work on latest version-so no version
errors”

Versioning

“Ability to have predefined comments;
Database of comments which are
customizable. “The ability to easily
comment; Maybe by saving a voice note or
mark easily”

Pre-defined comments

“Perhaps if it is collaborative it would help -
maybe work on MS Teams together-
moderator and examiner”

Collaboration

“A centralised location like Microsoft
Teams for live collaboration and chat”

Centralization

“Tracked deadlines” Tracking

(continued)



User Experience Requirements of Digital Moderation Systems in South Africa 477

Table 3. (continued)

Theme Quotation Code

“Structured system → allows for stages in
moderation process; “Upgrade IEB Postbox
to include facilities where teachers can
upload SBA and PAT in predefined
organized folders”

Organized structure

“Ticket/Help system”, “FAQ” Support

“Platform independent, Mobile application
easy to scan and be alerted”

Platform

“Report generation” Reporting

“Notification errors if things are missing, or
requirement not met”; “A notification when
things are uploaded, edited and/or deleted.
“A central team with high response times
e.g. upload and receive notification when
feedback is ready”

Notifications

UX requirements “Intuitive design”; “Intuitive Interface” User friendly

“Flexibility in uploading and editing or
correcting submissions”

Flexibility

The specific UX variables contributing to the benefits of using an eModeration sys-
tem were: customized notifications, an intuitive interface, a database of customizable
comments and the facility for a live video chat. The provision of annotation tools is indi-
cated in the literature as an important requirement for an eModeration system (cf. Table
2). During group design discussions, two groups indicated the need for the moderator
to “comment on the document”. While participants discussed including a function to
edit documents online and adding a plugin to enable them to do so, the functionality of
annotation tools was omitted in the final design. The literature provides a convincing
argument for the inclusion of annotation tools. Annotation tools were thus included as
a task requirement for an eModeration system [16, 35, 36]. Various statements made
by participants indicate the significance of the need to “track changes”, “track docu-
ments”, “track deadlines” and to “generate a history of the proof of moderation” which
are context specific requirements for incorporation in an eModeration system.

4 Findings

During the second PD workshop, each group produced illustrations of their design ideas
(cf. Fig. 3). The other participants placed pink stickers on these posters to indicate the
ideas they liked the most. The frequency of likes for each design item was calculated as
depicted in Table 4.

Table 1 illustrates the general features of an information system applicable to eMod-
eration but does not consider context specific eModeration UX requirements. Based on
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Fig. 3. Design ideas

Table 4. Popularity of design ideas1

Ideas
I
Like

Group 1 Group 2 Group 3 Group 4

Item No % Item No % Item No % Item No %

Calendar 3 20 Moderation
Progress

1 6.7 History of
proof of
moderation

3 20 FAQ 1 6.7

Week
ahead

1 6.7 Customised
notifications

3 20 Live chat
with
moderator

6 40 Timeline 1 6.7

Templates 1 6.7 Voice notes 4 26.7 Comments 1 6.7 Automatic
updates

2 13.3

Chats 1 6.7 Proof of
moderation

1 6.7 Voice notes 1 6.7 OCR 1 6.7

the broad features outlined in Table 1 and a review of literature specifically on eModer-
ation systems [16]. UX requirements were listed in Table 2. UX requirements identified
from literature were compared to those identified from PD workshops (Table 5).

Table 5. Comparison of requirements2

Variables Literature
review

PD
workshops

Variables Literature
review

PD
workshops

Annotation
tools

✓ Reminders of
deadlines

✓

Audit Trail ✓ ✓ Reporting ✓ ✓

Availability ✓ Security of
information

✓ ✓

Calendar ✓ Timeliness ✓ ✓

1 Partial table illustrated. The complete table can be accessed at: https://rb.gy/hye2tj.
2 Partial table illustrated. The complete table can be accessed at: https://fliplink.io/VX6IV.

https://rb.gy/hye2tj
https://fliplink.io/VX6IV
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The requirements that were identified in the literature review as well as the PD
workshops were included in the final refined requirements (cf. Table 6). Additionally,
context specific requirements identified from PD workshops (cf. Table 3) together with
the popular design ideas (cf. Table 4) were included based on stakeholder relevance.

AdoptingHassenzahl andTractinsky’s [37, p. 95] definition ofUXas a “consequence
of a user’s internal state (expectations, needs, etc.), the characteristics of the designed
system (e.g. usability, functionality, etc.) and the context within which the interaction
occurs”, the refined requirements were further categorized as user requirements, task
requirements and system requirements to provide UX design requirements for eModer-
ation as depicted in Table 6. Notably, UX requirements like digital literacy etc. depend
on the intersection of these lower-level requirements.

Table 6. UX design requirements for eModeration

User
requirements

Task requirements System requirements

• Digital literacy
• Self-efficacy
• Training and
experience

• Annotation
Tools

• Audit trail
• Automatic
updates

• Built in
templates

• Calendar
• Checklist
• Customizable
comments

• Customized
notifications

• Multi-user
technology

• Progress bar
• Shared folders
• Voice over
button

• Choose
moderator

• Functional
help

• Instant
feedback

• Live video
chat

• Online
editing

• Reminders
of deadlines

• Reporting
• Technical
support

• Tracking

• Accuracy
• Availability
• Capability
• Centralized data
storage

• Compatibility
• Completeness
• Complexity
• Cross platform
• Data Currency
• Dependability
• External
Communication

• Flexibility
• Legibility

• Infrastructure
and Resources

• Multi-user
authentication
Web-based

• Organized file
structure

• Output Quality
• Quick response
• Reliability
• Response time
• Robust
hardware

• Security
•
Synchronization

The design requirements extracted during the first three cycles of DSR together with
the most popular design ideas (cf. Table 4) informed the development of a prototype
during the fourth cycle of the DSR process (cf. Fig. 4).
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Fig. 4. Screenshots of core functionality

5 Conclusion

This paper reports on the use of PD as a data capturing strategy within a DSR study
on designing an eModeration system for schools. Knowledge sharing during the design
process fostered an in-depth understanding of future users and their needs. The main
theoretical contribution is the empirically based domain specific design requirements
for an eModeration system. Methodologically, the inclusion of a PD data capturing
strategy within DSR was valuable in demonstrating the alignment between DSR and PD
in terms of using design as research technique, the imperative of context and involving
stakeholders, i.e. ensuring the relevance of the research to the educator community.
Future research is necessary to evaluate the prototype developed and to engage additional
stakeholders identified in the participants’ ideawebs.These include involving assessment
bodies and school management in designing an eModeration system that is more flexible
in serving the needs of all stakeholders.
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Abstract. The Design Science Research (DSR) paradigm is highly relevant to
the Information Systems (IS) discipline because DSR aims to improve the state
of practice and contribute design knowledge through the systematic construction
of useful artefacts. Since study designs can be understood as useful artefacts,
DSR can also contribute to improving conceptualizing a research project. This
study developed a taxonomywith relevant dimensions and characteristics for DSR
research. Such a taxonomy is useful for analyzing existing DSR study designs and
successful DSR study design patterns. In addition, the taxonomy is valuable for
identifying DSR study design principles (dependencies among characteristics)
and subsequently for systematically designing DSR studies. We constructed the
DSR study taxonomy through a classification process following the taxonomy
development approach of Nickerson et al.

Keywords: DSR · Design science research · DSR study taxonomy · Research
study design

1 Introduction

Even though theDesignScienceResearch (DSR)paradigm is still relatively youngwithin
Information Systems (IS), it is highly relevant to the Information Systems (IS) discipline
[1]. For the last two decades there has been an interest to establish DSR within IS as a
way of creating different forms of knowledge and improve the state of practice through
the systematic construction of useful artefacts. In this way DSR aims to contribute to
both theory-building and having value for practitioners [2]. Peffers et al. [3] emphasized
that DSR scholars often find themselves confronted with an excess of advice, options,
and different expectations and opinions on how to execute a DSR study.

It is a challenge for any researcher to understand the different options available
during the design of a research project, especially for those researchers that are involved
in supervision and the design of postgraduate studies. In descriptive IS research the
study design usually follows guidelines of authors such as Orlikowski & Baroudi [4] to
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assist with choosing between study design alternatives. For example, a researcher might
decide to do an empirical research studywith qualitative data, the research strategywould
typically be case study research with the data collection being done using interviews.
Several choices among different alternatives must be made by researchers during the
design of any research study.

DSR research studies are no exception, and there are several choices that a scholar
is confronted with when designing a DSR study. However, there is a lack of published
guidelines with regards to all the alternatives that the researcher could consider. Existing
guidelines often only identify a set of important design characteristics (e.g. the DSR grid
[5]) or suggest very general principles (e.g. consider a DSR project as a generic staged
process, or choose among a small number of very generic artifact types). While some
suggestions provide a basis for certain combination alternatives (e.g. Engel et al. [6]),
they do only present a few or very basic choices.

To assist with choosing between alternatives, we constructed a taxonomy that orga-
nizes the alternatives for the study design of DSR into dimensions with characteristics.
This taxonomy can be used to design or analyze DSR studies, and even identify design
patterns (such as dominant combinations of certain characteristics in different dimen-
sions). The taxonomymay also be used as a basis to ultimately propose design principles
for DSR studies. These patterns and principles would be useful for designing a feasible
DSR research study, i.e. for avoiding incoherent choices and for choosing a study design
that matches certain research objectives or a certain research context. This research
therefore seeks to answer the following research question: What are the dimensions
and characteristics of a taxonomy that a researcher should consider in order to design
DSR studies and identify DSR study design patterns? To answer the research question,
we did a review of the literature focusing on DSR studies and used Nickerson et al.’s
classification method for developing a taxonomy [7].

In this paper we first introduce DSR briefly in Sect. 2 followed by a summary of
Nickerson’s method in Sect. 3. Section 4 provides an overview of the research method
followed by our taxonomy construction, while Sect. 5 presents the resulting taxonomy.
We conclude the paper in Sect. 6.

2 Design Science Research

Simon’s Sciences of the Artificial [8] is widely accepted as the fundamental basis for
DSR.Although thereweremanypublications related to thevalueof thedesignof artefacts
in the 90s and design-oriented research was well established in some research commu-
nities [9], the MISQ publication by Hevner et al. [10] had a big impact on legitimizing
DSR as a research approach within the global Information Systems (IS) research com-
munity. Based on earlier work such as Nunamaker et al. [11], Walls et al. [12] andMarch
and Smith [13], Hevner et al. [10] provided a conceptual framework for understanding,
executing, and evaluating IS DSR research that emphasized the value of relevance and
rigor during the design cycle. More or less in the same timeframe, Vaishnavi & Keuch-
ler [14] started a web site focusing on DSR in IS. According to them, “DSR uses a set
of synthetic and analytical techniques and perspectives for performing research in IS”.
They define “DSR as being involved in the creation of new knowledge, firstly through
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the development of artefacts and secondly through the study of the use of the artefact
afterwards”.

Within literature several studies concerned with the execution of DSR exist. The
framework for understanding, executing and evaluating DSR provided by Hevner et al.
[10] does not elaborate on the phases for executing a DSR project, but distinguishes
between development and evaluation as two distinct phases. Vaishnavi et al. [14] pro-
vide a DSR process model for DSR project execution that is based on work from Takeda
et al. [15]. Perhaps the mostly referenced approach is the DSR process model published
by Peffers et al. [16] that consolidates various process model proposals. For the evalu-
ation of the artefact, the pioneers working in this field were Pries-Heje, Baskerville &
Venable [17], who published a number of articles building up to a framework for eval-
uation in design science (FEDS) [17]. FEDS is intended to assist DSR researchers in
better understanding evaluation options in DSR, suggesting evaluation as a sequence of
episodes rather than a design afterthought, but does not provide (yet) concrete guidance
how to design study-specific “evaluation journeys”.

Van der Merwe et al. [18] presented a set of guidelines for conducting DSR in IS
[18]. The six guidelines included the contextualization of DSR in the IS field, as well
as understanding the philosophical underpinning of research and the discourse on the
nature of DSR. Other guidelines included the consideration of the role of the artefact in
DSR, the selection of an appropriate DSR method for execution of the research study
and ultimately strategizing on how research done in DSR should be communicated in a
report [18].

Any scholar that needs to design a DSR study is therefore confronted with several
perspectives and choices. The alternatives and subsequent consequences are however
not always apparent [19]. In descriptive IS research, a researcher usually reflects on the
philosophical underpinning of the research, the research strategy, data collection and data
analysis. Several publications that guide the design of a descriptive research study exist,
for example, the work by Saunders et al. [20] where they prescribe the research design
to include the philosophy, approach, strategy, choices, time horizon and techniques and
procedures (data collection and data analysis). However, guidance for designing descrip-
tive IS research is only partially, if at all, applicable to DSR. Fundamental conceptual
differences include the relevance and rigor cycles, the necessity of artefact construction,
research contributions that include design knowledge, established evaluation practices
etc. To address this lack of guidance in the design of DSR studies, this paper reports on
a project that developed a taxonomy of DSR studies. The taxonomy with its dimensions
and characteristics could be used to understand which alternatives are available as well
as their implications when designing a DSR study.

3 Taxonomy Development Approach

Nickerson et al. studied classification in IS [4] and as main contribution of their work,
they defined a taxonomy, as well as proposed a classification method for a taxonomy
[4]. They formally define a taxonomy T as a set of n dimensions Di (i = 1,…, n), each
consisting of ki (ki ≥ 2) mutually exclusive and collectively exhaustive characteristics
Cij (j = 1,…, ki) such that each object under consideration has one and only one Cij
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for each Di, or T = {Di, i = 1,…, n | Di = {Cij, j = 1,…, ki; ki ≥ 2}}. They specified
additional characteristics of taxonomies that need to be adhered to, including that tax-
onomies should be mutually exclusive (no object can have two different characteristics
in a dimension) and collectively exhaustive (each object must have one of the character-
istics in a dimension). Together these conditions imply that each object has exactly one
of the characteristics in a dimension.

The classification approach of Nickerson et al. [7] is iterative and commences with
determining the meta-characteristics and the ending conditions of the taxonomy. The
meta-characteristics should be determined by the overall purpose of the taxonomy, while
the ending conditions are both objective and subjective. For the purpose of this paper
we summarize the ending conditions in Table 1.

Table 1. Ending conditions for taxonomy development [7]

Condition Description

Objective Comprehensive object sampling and
identification

A representative sample of objects has
been examined, and no object was
merged or split in the last iteration of
the taxonomy development approach

Objective Completion: taxonomy dimensions with
characteristics

No new dimensions or characteristics
were added in the last iteration of the
taxonomy development approach, and
no dimensions or characteristics were
merged or split. Furthermore, at least
one object is classified under every
characteristic of every dimension (no
‘null’ characteristics)

Objective Uniqueness: Dimension, Characteristic
and Cell

Every dimension is unique and not
repeated, and every characteristic is
unique within its dimension (i.e., there
is no dimension duplication). Each cell
(combination of characteristics) is
unique and is not repeated (i.e., there is
no cell duplication). (This condition
follows from mutual exclusivity of
characteristics)

Subjective Conciseness The number of dimensions allow the
taxonomy to be meaningful without
being unwieldy or overwhelming

Subjective Robustness The dimensions and characteristics
provide for differentiation among
objects and allow for a description of
sample objects

(continued)
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Table 1. (continued)

Condition Description

Subjective Comprehensiveness All objects under consideration can be
classified

Subjective Extendible A new dimension or a new
characteristic of an existing dimension
can be easily added

Subjective Explanatory The dimensions and characteristics can
explain aspects of an object

After the execution of the first two steps, a choice must be made on whether the
iteration is empirical-to-conceptual (bottom-up) or conceptual-to-empirical (top-down).
In a bottom-up iteration, the researcher identifies a subset of objects that should be
classified, and from an investigation of the objects, characteristics are identified. These
characteristics are then refined into the taxonomy dimensions. In a top-down iteration,
the dimensions of the taxonomy are conceptualized in a deductive and often intuitive
way that is based on the researcher’s knowledge. These dimensions are then refined
by adding characteristics that allow for the classification of objects. For the develop-
ment of a taxonomy, both types of iterations may be adopted, for instance, the first
iteration might be conceptual-to-empirical, and a next iteration that refines the taxon-
omy could be empirical-to-conceptual. The iterations are performed until the specified
ending conditions as specified in Table 1 are met.

4 Research Method

The aim of this study is to develop a taxonomy of DSR studies with its associated dimen-
sions and characteristics.While every single studywould represent a distinct instantiation
of that taxonomy, a set of studies would allow to identify patterns, i.e. recurring instanti-
ations that constitute frequently chosen study designs [21]. If the dependencies between
specific choices within the taxonomy are well understood, such patterns could be the
basis for formulating study design principles. For example, the recurring combination of
a certain evaluation technique choice with a certain artefact type choice could indicate
that, for that artefact type, a particular evaluation technique is recommended.

To develop the taxonomy we collected relevant articles using a keyword search
with different combinations of the terms “design-oriented research” and “information
system” and (“practical” or “applied”). The keyword search was executed in common
databases such as SpringerLink, ACM, AIS, EBSCO Host and Google Scholar. We
selected 461 peer-reviewed journal and conference papers. Secondly, we screened the
identified set of papers and extracted 72 papers that used DSR as a research method
and that provide data necessary for the taxonomy. We excluded non-English papers,
duplicates, and papers that did not contribute any DSR study design considerations. We
concluded a detailed screening of abstracts and analysis of the full text of the prospective
papers and created a dataset (Appendix 1 [22]) that was utilized for the systematic
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development of a taxonomy of DSR dimensions and characteristics based on Nickerson
et al.’s [7] method. The taxonomy development process [23, 24] was executed through
several steps as described in Sect. 3. Firstly, we defined the meta-characteristics as the
dimensions of design-oriented research with the assumption that all dimensions must
describe the structural differences of design-oriented research. We adopted Hevner and
Chatterjee’s [19] fundamental dimensions of design-orientated research i.e. contribution,
artefact type, and type of validation and framed our meta-characteristic within it. We
proceeded through 4 iterations until all the extracted papers in our dataset were classified
and the ending conditions were fulfilled as specified by Nickerson et al. [7].

In terms of the iterations, we initially adopted a conceptual-to-empirical iteration
and integrated taxonomy dimensions identified in the literature review. During this iter-
ation, we added one dimension scientific contribution [10]. The second, third and fourth
iterations were empirical-to-conceptual and led to the classification of all the extracted
papers in our dataset guided by the set of guidelines for conducting DSR in IS (refer
Sect. 2) [18]. In these iterations, additional dimensions were identified namely construc-
tion mode [25, 26], procedure [27], data collection technique [28, 29] and evaluation
technique [30].

Lastly, we performed a thematic analysis for each dimension from the taxonomy to
identify, analyze and report patterns or characteristics within the data [31]. The purpose
of a thematic analysis is to interpret and make sense of data in order to identify patterns
or themes, emphasizing both organization and rich description of the data set and theo-
retically inform interpretation of meaning [32, 33]. Towards this purpose we followed an
iterative approach identifying patterns of themes until all characteristics in a particular
taxonomy dimension were classified (Appendix 2 [22]).

5 Results: Taxonomy for Design Science Research Studies

The taxonomy resulting from analyzing 72 DSR studies is shown in Fig. 1. It consists
of seven dimensions, each with two to seven distinct characteristics.

In the context of IS research, the purpose of DSR is to study and find innovative
solutions to problems and phenomena relevant to the domain. The aim of DSR studies
is to inspect what is known and not known about the problem and solution set in order
to find answers [19].

An outcome of DSR is an artefact that solves a domain problem which must be
assessed against criteria of value or utility. The artefact type dimension of the taxonomy
considers: what artefact type will be the outcome of the DSR research study? DSR
artefact outputs are concerned both with utility [13] and theory [34]. For the artefact
type dimension we adopted the existing topologies defined by March and Smith [13].
However, the existing classification of artefact types is quite coarse, and characteristics
are not well-defined yet e.g. what type of model, design theory or design principle,
characteristics overlap i.e. a model is an instance of a meta model, etc.

IS construction is the process of creating meaningful, working software-reliant work
systems through a combination of design, validation and testing [35]. The question that
the construction mode dimension of the taxonomy addresses is: what drives design-
evaluate iterations? The main driver may either be the (theory-agnostic) search for suffi-
ciently useful designs based on solution creation, solution evaluation and backtracking
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Fig. 1. DSR design decision taxonomy

[8] - or the translation of descriptive knowledge and design theories into solution can-
didates and their subsequent iterative modification until a satisfactory solution is found
[36].

Evaluation is the process of determining howwell the designed artefact performs and
the execution must be rigorously demonstrated via well-executed evaluation methods.
The validation/evaluation approach dimension of the taxonomy aims to address the
following question: when, during the DSR process, will the artefact be validated and/or
evaluated? Due to the impact of evaluations on designer thinking, evaluation may be
conducted parallel with design and thus inform design (“formative” or “concurrent”
evaluation [37]). Evaluation may also only be conducted as an ex-post assessment of the
value of the artefact (“summative” evaluation [38]).

The procedure dimension of the DSR taxonomy refers to the way the research out-
comes were accomplished by following a series of ordered steps. These steps are typi-
cally concerned with answering the question: what specific steps guide the DSR process
towards deriving a solution? A set of known, general solutions to the particular research
problem may be considered as a starting point to derive a specific solution for the
phenomenon under study. When the procedure of generalization of a specific solution
is followed, the DSR study draws broad inferences from particular observations and
applies them to the phenomenon under study. Alternatively, existing solutions may be
applied in a novel manner to the phenomenon under study based on the characteristics
and demands of the problem or the optimization the DSR study is attempting to deliver.

In DSR, knowledge is developed that enable the design of solutions for a particu-
lar problem domain. The contribution dimension intends to address the question: how
does the DSR artefact contribute to the body of knowledge? The focus of DSR with
an improvement contribution is to create better solutions by way of more efficient and
effective products, processes, services, technologies, or ideas [39]. Invention points to
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radical breakthrough and entails research in new applications where little current under-
standing of the problem context exists and where no effective artefacts are available
as solutions. DSR with an exaptation aim applies effective artefacts in a related prob-
lem area research situation to a field where effective artefacts are not available or are
suboptimal. Design knowledge that already exists in one field is extended or refined so
that it can be used in some new application area. Routine design ensues when existing
knowledge for the problem area is well understood and when existing artefacts are used
to address the opportunity or question – a characteristic that should usually not apply to
design research [40].

Data-collection techniques allow us to systematically collect information about
objects of study and about the settings in which they occur. The data collection technique
dimension addresses the question: how will data be collected for the DSR study? Spe-
cific characteristics were classified in this instance namely scientific procedure, observa-
tion, facilitated discussion, survey and secondary sources. Scientific procedure uses the
manipulation and controlled testing to understand causal processes e.g. an experiment in
a lab, while observation refers to a technique involves systematically selecting, watching
and recording behavior and characteristics of objects or phenomena. Facilitated discus-
sion collects target audience opinions and attitudes about certain products, services or
phenomena such as focus group discussion, and structured- and semi-structured inter-
views. The survey characteristic describes the opinion collection from a large population
and includes hand-delivering questionnaires to respondents or using a web-based appli-
cation to collect respondent opinion. Secondary sources refer to data that is collected
by someone other than the user such as organizational records and data, manuals, and
product specifications. Our characteristic classification set in this instance was based on
the analysis of the papers extracted for the purpose of this study. It must be noted that,
as many research studies use more than one of these techniques, a more comprehensive
characteristics-set of data collection techniques will also include behavioral science data
collection techniques such as one-on-one cognitive testing, debriefings, expert reviews,
behavior coding, etc. [41, 42].

Evaluation in DSR is concerned with the evaluation of DSR outputs, such as theory
and artefacts, and the validation/evaluation technique dimension answers the question:
how (and notwhen)will theDSR artefact be evaluated/validated? In our classificationwe
identified particular characteristics namely experiment (e.g. laboratory or field experi-
ment), simulation (imitationof a situationor process e.g. computer simulation), prototype
(preliminary version of application), active participation (e.g. action research), formal
proof (using known facts and deduction rules of logic to reach conclusions), case study
(investigates phenomenon within its real-life context), and empirical validation (e.g. sta-
tistical analysis) [38]. Similar to the data collection characteristic, many research studies
use multiple data analysis techniques. Prat et al. [43] developed a taxonomy of evalua-
tion methods for IS artefacts. They identified seven typical evaluation patterns of which
experiment, simulation, empirical validation and formal proof were also identified in
this study. In addition, they reported additional patterns such as demonstration, practice-
based evaluation of usefulness (in this study we defined it as case study), laboratory, and
algorithmic complexity analysis.
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6 Using the Proposed Taxonomy to Identify Patterns of DSR
Studies

The aim of this study was to develop a taxonomy of DSR studies with its associated
dimensions and characteristics. The taxonomy could be used to design and analyze
DSR projects, and subsequently identify DSR research patterns. Figure 2 shows how
two exemplary DSR studies can be interpreted as “instantiations” of the general study
design implied by the proposed taxonomy.

6.1 Example Studies

Example 1 (the solid line in Fig. 2) presents neworganizational and technological options
of process management and illustrated the concept by a prototype platform for process
management and real-world application scenarios in the construction industry [26]. The
paper finally presents an evaluation of the design-oriented research approach.

The authors highlighted that the dynamic nature of an organization is observable
based on the dynamics of corporate systems and the impact of new conditions on process
management. They identified the applicability of Web 2.0 applications such as wikis,
social networks, social bookmarks, RSS feeds etc., a key feature as it enables high speed
reaction to events and spontaneously support actions adequately to ensure their success.
However, Web 2.0 applications have primarily been designed for private and not for
business users. Therefore, the problem that theywanted to resolvewith their researchwas
to establish whether the design principles of Web 2.0 can be efficiently deployed in the
business environment, particularly for the control of dynamics in process management.
In terms of the artefact type, they created a real instance to develop a clear picture of
actual deficits and to define possible options for action. Their chosen construction mode
was therefore to “build and evaluate”. Evaluation was done at the end of the project after
they concluded steps such as exploration, participation, iteration and evolution. They
produced a prototype-oriented systemdevelopmentwith the intention to improve process
design and execution. Upon conclusion of their DSR process, the authors identified
essential and encouraging options for process management organization and for the
development of new tools for process management.

In example 2 (the dotted line in Fig. 2), the paper describes the design process toward
a functional reference model for business rules management for practitioners evaluating
software solutions [44]. From a scientific perspective, the model represents a theory for
designing and developing information systems with the objective of managing business
rules. The model was evaluated in a company (real-world scenario) by using a survey.
At the end of their DSR process, the authors established that the functional reference
model for business rule management was beneficial regarding the advancement of the
state of the art both in practice and in science.
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Fig. 2. Exemplary DSR studies as “instantiations” of the proposed taxonomy

6.2 DSR Research Patterns

The two studies shown in Fig. 2 illustrate how the taxonomy may support identifying
DSR research patterns in future research. If a large number of studies can be “classified”
we expect that statistical analysis would yield clusters of dominant “paths” across the
taxonomy, i.e. typical forms how study design decisions across different dimensions are
linked in published studies.We assume that certain “paths” are dominant, and that not all
combinations of characteristics may be observed, because not every characteristic can
be combined with every other characteristic. For example, it apparently makes not much
sense to use simulation as an evaluation technique for constructs. The consideration of
research patterns references similar studies such as Houy, Fettke [21] aiming to identify
“compositional styles” or “stylized facts” for a large set of study designs.

7 Conclusion

The DSR paradigm in IS is fundamentally a problem-solving paradigm and aims to
provide solutions to important and relevant business problems.Researchdesigndecisions
span the choices from broad assumptions to detailed methods of data collection and
analysis. In this studywe classified the dimensions and characteristics ofDSR studies and
presented a DSR taxonomy. The DSR taxonomy was developed through the application
of Nickerson et al’s taxonomy development method [7]. The DSR taxonomy consists of
seven dimensions, each with two to seven distinct characteristics. The DSR taxonomy
should guide researchers with DSR choices when designing a DSR study by presenting
available options. As a limitation, we acknowledge that researcher bias may be present in
the dimensions and characteristics of the taxonomy, however,most classification artifacts
include some form of bias, which is mediated by establishing consensus. Future research
will aim to establish consensus in the IS DSR community for the taxonomy.
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Future research will also aim to identify possible DSR research patterns (or “dom-
inant study designs”) using the taxonomy that could constitute a foundation to derive
design principle candidates. In the domain of research study design, design principles
would link research objectives (i.e., design requirements for research studies) to research
features (i.e., characteristics of research study designs) on a generic level [45] and thus
provide useful guidance for designing concrete and feasible DSR studies. Ultimately,
the nature of DSR for IS research and IS practice may be considered in future research,
as DSR in essence supports IS practice through the development of relevant and useful
artifacts.

References

1. Goldkuhl, G.: Design research in search for a paradigm: pragmatism is the answer. In: Helfert,
M., Donnellan, B. (eds.) EDSS 2011. CCIS, vol. 286, pp. 84–95. Springer, Heidelberg (2012).
https://doi.org/10.1007/978-3-642-33681-2_8

2. Baskerville,R., et al.:Design science research contributions: finding abalancebetween artifact
and theory. J. Assoc. Inf. Syst. 19(5), 358–376 (2018)

3. Peffers, K., Tuunanen, T., Niehaves, B.: Design science research genres: introduction to the
special issue on exemplars and criteria for applicable de-sign science research. Eur. J. Inf.
Syst. 27(2), 129–139 (2018)

4. Olikowski, W., Baroudi, J.: Studying information technology in organizations: research
approaches and assumptions. Inf. Syst. Res. 2(1), 1–28 (1991)

5. vom Brocke, J., Maedche, A.: The DSR grid: six core dimensions for effectively planning
and communicating design science research projects. Electron. Mark. 29(3), 379–385 (2019).
https://doi.org/10.1007/s12525-019-00358-7

6. Engel, C., Leicht, N., Ebel, P.: The imprint of design science in information systems research:
an empirical analysis of the ais senior scholar’s basket. In: International Conference on
Information Systems (ICIS), Munich, Germany (2019)

7. Nickerson, R., Varshney, U., Muntermann, J.: A method for taxonomy development and its
application in IS. Eur. J. Inf. Syst. 22, 336–359 (2013)

8. Simon, H.A.: The Sciences of the Artificial, 1st edn. MIT Press, Cambridge (1969)
9. Winter, R.: Design science research in Europe. Eur. J. Inf. Syst. 17(5), 470–475 (2008)
10. Hevner, A., et al.: Design science in information systems research. MIS Q. 28(1), 75–105

(2004)
11. Nunamaker, J., Chen, M., Purdin, T.: Systems development in information systems research.

J. Manag. Inf. Syst. 7(3), 89–106 (1991)
12. Walls, J.G., Widmeyer, G.R., Sawy, O.A.: Building an information system design theory for

vigilant EIS. J. Inf. Syst. Res. 3(1), 36–59 (1992)
13. March, S.T., Smith, G.F.: Design and natural science research on information technology.

Decis. Support Syst. 15, 251–266 (1995)
14. Vaishnavi, V., Kuechler, B.: Design Research in Information Systems. DSR in IS (2004).

http://desrist.org/design-research-in-information-systems/
15. Takeda, H., et al.: Modeling design processes. AI Mag 11(4), 12 (1990)
16. Peffers, K., et al.: The design science research process: a model for producing and presenting

information systems research. In: DESRIST 2006, Claremont, CA (2006)
17. Pries-Heje, J., Baskerville, R., Venable, J.: Strategies for design science research evaluation.

In: 16th European Conference on Information Systems (ECIS), Galway, Ireland (2008)

https://doi.org/10.1007/978-3-642-33681-2_8
https://doi.org/10.1007/s12525-019-00358-7
http://desrist.org/design-research-in-information-systems/


494 H. Smuts et al.

18. van der Merwe, A., Gerber, A., Smuts, H.: Guidelines for conducting design science research
in information systems. In: Tait, B., Kroeze, J., Gruner, S. (eds.) SACLA 2019. CCIS, vol.
1136, pp. 163–178. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-35629-3_11

19. Hevner, A., Chatterjee, S.: Design Research in Information Systems. Springer, Boston (2010)
20. Saunders, M.N.K., Lewis, P., Thornhill, A.: Research Methods for Business Students, 5th

edn. Prentice Hall, New York (2009)
21. Houy, C., Fettke, P., Loos, P.: Stylized facts as an instrument for literature review and cumu-

lative information systems research. Commun. Assoc. Inf. Syst. 37, 10 (2015). https://doi.
org/10.17705/1CAIS.03710

22. Appendices (2021). https://www.researchgate.net/publication/358316570_Appendix_1_-
Dataset_created_from_papers_identified_extract

23. Remane, G., et al.: The business model pattern database: a tool for systematic business model
innovation. Int. J. Innov. Manag. 21(1), 1–61 (2017)

24. Nakatsu, R.T., Grossman, E.B., Iacovou, C.L.: A taxonomy of crowdsourcing based on task
complexity. J. Inf. Sci. 40(6), 823–834 (2014)

25. Mettler, T., Rohner, P.: Situational maturitymodels as instrumental artifacts for organizational
design. In: Proceedings of the 4th International Conference on Design Science Research in
Information Systems and Technology (2009)

26. Vanderhaeghen, D., Fettke, P., Loos, P.: Organizational and technological options for business
process management from the perspective of web 2.0. Bus. Inf. Syst. Eng. 2, 15–28 (2010).
https://doi.org/10.1007/s12599-009-0087-7

27. Kiesow, A., et al.: Managing internal control: designing a wiki based information system
for continuous process assurance. In: Thirty Sixth International Conference on Information
Systems, Fort Worth (2015)

28. Österle, H., Otto, B.: A method for researcher-practitioner collaboration in design-oriented
IS research. Bus. Inf. Syst. Eng. 2010(5), 283–293 (2010)

29. Heger, O.: Value sensitive design in design science research projects: the cases of affective
technology and healthcare technology. In: 14th International Conference on Wirtschaftsin-
formatik, Siegen, Germany (2009)

30. Vogel, J., et al.: Design and development of a processmodelling environment for business pro-
cess utilization within smart glasses. In: 9th International Workshop on Enterprise Modeling
and Information Systems Architectures, Rostock (2018)

31. Vaismoradi,M., Turunen,H., Bondas, T.: Content analysis and thematic analysis: implications
for conducting a qualitative descriptive study. Nurs. Health Sci. 15(3), 398–405 (2013)

32. Alhojailan, M.I.: Thematic analysis: a critical review of its process and evaluation. West East
J. Social Sci. 1(1), 39–47 (2012)

33. Leedy, P.D.,Ormrod, J.E.: PracticalResearch: Planning andDesign, 12th edn. Pearson,Boston
(2018)

34. Gregor, S., Jones, D.: The anatomy of a design theory. J. Assoc. Inf. Syst. 8(5), 312–335
(2007)

35. Bollinger, T., Gabrini, P., Martin, L.: Software construction, p. 4-1–4-15. IEEE (2002)
36. Gregor, S.: Design theory in information systems. Aust. J. Inf. Syst. 10, 14–22 (2002)
37. Sonnenberg, C., vom Brocke, J.: Evaluations in the science of the artificial – reconsidering

the build-evaluate pattern in design science research. In: Peffers, Ken, Rothenberger, Marcus,
Kuechler, Bill (eds.) DESRIST 2012. LNCS, vol. 7286, pp. 381–397. Springer, Heidelberg
(2012). https://doi.org/10.1007/978-3-642-29863-9_28

38. Venable, J., Pries-Heje, J., Baskerville, R.: FEDS: a framework for evaluation in design science
research. Eur. J. Inf. Syst. 25, 77–89 (2016)

39. vom Brocke, J., Winter, R., Hevner, A., Maedche, A.: Special issue editorial –accumulation
and evolution of design knowledge in design science research: a journey through time and
space. J. Assoc. Inf. Syst. 21(3), 520–544 (2020). https://doi.org/10.17705/1jais.00611

https://doi.org/10.1007/978-3-030-35629-3_11
https://doi.org/10.17705/1CAIS.03710
https://www.researchgate.net/publication/358316570_Appendix_1_-Dataset_created_from_papers_identified_extract
https://doi.org/10.1007/s12599-009-0087-7
https://doi.org/10.1007/978-3-642-29863-9_28
https://doi.org/10.17705/1jais.00611


“Designing” Design Science Research 495

40. Gregor, S., Hevner, A.: Positioning and presenting design science research for maximum
impact. MIS Q. 37(2), 337–355 (2013)

41. Onwuegbuzie, A.J., Leech, N.L.: On becoming a pragmatic researcher: the importance of
combining quantitative and qualitative research methodologies. Int. J. Social Res. Methodol.
8(5), 375–387 (2005)

42. Isaac, S., Michael, W.B.: Handbook in Research and Evaluation: A Collection of Princi-
ples, Methods, and Strategies Useful in the Planning, Design, and Evaluation of Studies in
Education and the Behavioral Sciences, 3rd edn. EdITS Publishers, Boston (1995)

43. Prat, N., Comyn-Wattiau, I., Akoka, J.: A Taxonomy of evaluation methods for information
systems artifacts. J. Manag. Inf. Syst. 32(3), 229–267 (2015)

44. Schlosser, S., et al.: Toward a functional reference model for business rules management. In:
47th Hawaii International Conference on System Science, pp. 3837–3846. IEEE (2014)

45. Meth, H., Mueller, B., Maedche, A.: Designing a requirement mining system. J. Assoc. Inf.
Syst. 16(9), 799–837 (2015)



Correction to: The Transdisciplinary Reach
of Design Science Research

Andreas Drechsler, Aurona Gerber, and Alan Hevner

Correction to:
A. Drechsler et al. (Eds.): The Transdisciplinary Reach
of Design Science Research, LNCS 13229,
https://doi.org/10.1007/978-3-031-06516-3

In an older version of chapter 10, there was an orthographical error in name of an
author. “Dominic Siemon” was corrected to “Dominik Siemon”.

In an older version of chapter 20, there was an error in the affiliation of a co-author.
This has been corrected to “IG&H”.

The updated original version of these chapters can be found at
https://doi.org/10.1007/978-3-031-06516-3_10
https://doi.org/10.1007/978-3-031-06516-3_20

© Springer Nature Switzerland AG 2022
A. Drechsler et al. (Eds.): DESRIST 2022, LNCS 13229, p. C1, 2022.
https://doi.org/10.1007/978-3-031-06516-3_37

https://doi.org/10.1007/978-3-031-06516-3
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_37&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_37&amp;domain=pdf
https://doi.org/10.1007/978-3-031-06516-3_10
https://doi.org/10.1007/978-3-031-06516-3_20
https://doi.org/10.1007/978-3-031-06516-3_37


Correction to: Guiding Refugees Through
European Bureaucracy: Designing

a Trustworthy Mobile App for Document
Management

Alexandre Amard , Alexandra Hoess , Tamara Roth ,
Gilbert Fridgen , and Alexander Rieger

Correction to:
Chapter 13 in: A. Drechsler et al. (Eds.): The Transdisciplinary
Reach of Design Science Research, LNCS 13229,
https://doi.org/10.1007/978-3-031-06516-3_13

The chapter ‘Guiding Refugees Through European Bureaucracy: Designing a Trust-
worthy Mobile App for Document Management’, written by Alexandre Amard et al.,
was originally published electronically on the publisher’s internet portal without open
access. With the author(s)’ decision to opt for Open Choice the copyright of the chapter
changed on December 04, 2023 to © The Author(s), 2024 and the chapter is forthwith
distributed under a Creative Commons Attribution 4.0 International Licence
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation,
distribution, and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third-party material in
this chapter are included in the chapter’s Creative Commons Licence, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter’s
Creative Commons Licence and your intended use is not permitted by statutory reg-
ulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

The updated version of this chapter can be found at
https://doi.org/10.1007/978-3-031-06516-3_13

© The Author(s) 2024
A. Drechsler et al. (Eds.): DESRIST 2022, LNCS 13229, pp. C2–C3, 2024.
https://doi.org/10.1007/978-3-031-06516-3_38

http://orcid.org/0000-0003-0859-6550
http://orcid.org/0000-0002-8106-9661
http://orcid.org/0000-0002-9062-1489
http://orcid.org/0000-0001-7037-4807
http://orcid.org/0000-0001-7996-4678
https://doi.org/10.1007/978-3-031-06516-3_13
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_38&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_38&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-06516-3_38&amp;domain=pdf
https://doi.org/10.1007/978-3-031-06516-3_13
https://doi.org/10.1007/978-3-031-06516-3_38


Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appro-
priate credit to the original author(s) and the source, provide a link to the Creative Commons
license and indicate if changes were made.
The images or other third party material in this chapter are included in the chapter’s Creative

Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder.

C3 A. Amard et al.

http://creativecommons.org/licenses/by/4.0/


Author Index

Agrawal, Lavlin 208
Akoka, Jacky 363
Aleya, Kiram Ben 17
Alnosayan, Nagla 286
Amard, Alexandre 171
Arsenidis, Simon David 237
Aslan, Aycan 183

Banerjee, Debayan 142
Bauer, Ingrid 115
Benedikt Brendel, Alfred 183
Bezuidenhout, Riaan 85
Bittner, Eva A. C. 142
Blecher, Lea 433
Bley, Katja 5
Bluhm, Saskia 303
Bojer, Casper Solheim 376
Brakemeier, Eva-Lotta 30
Braun, Marvin 183
Braun, Sophia Marie 249
Burgers-Pas, Jolanda 262

Cahenzli, Marcel 445
Chandra Kruse, Leona 42
Chatterjee, Samir 286
Comyn-Wattiau, Isabelle 363
Cronholm, Stefan 393

Das, Debendranath 97
Dias, Malshika 274
Díaz, Oscar 405
Dickhaut, Ernestine 417
Dinter, Barbara 274
Dolata, Mateusz 17

Ebel, Philipp 128
Eckhardt, Sven 115
Elshan, Edona 128
Engel, Christian 128

Fridgen, Gilbert 171

Garmendia, Xabier 405
Geisler, Stefan 458

Gerber, Aurona 483
Gewald, Heiko 351
Gnewuch, Ulrich 30, 337
Göbel, Hannes 393
Greve, Maike 183

Handler, Abram 55
Hellmeier, Malte 195
Hentschel, Raoul 5
Hoess, Alexandra 171
Hönigsberg, Sarah 274
Huettemann, Sebastian 55

Ismail, Olfa 319

Janson, Andreas 417
Jussli, Alexandra 351

Kauppinen, Tomi 433
Kim, Kathrin 351
Kolbe, Lutz M. 183
Konadl, Daniel 68
Kuhlmeier, Florian Onur 30

Larsen, Kai R. 55
Leist, Susanne 68
Lüttke, Stefan 30

Mädche, Alexander 30, 337
Mandviwalla, Munir 274
Manos, Matthew 286
Marco Leimeister, Jan 417
Maritz, Jacques 85
Matschak, Tizian 195
Mattick, Xelia 458
Mauer, René 249
Møller, Charles 376
Möller, Frederik 42
Mueller, Roland M. 55
Mulgund, Pavankumar 208
Müller, Helena M. 221
Muthaiah, Amudhan 97

Nel, Wynand 85
Nurhas, Irawan 458



498 Author Index

Ole Diesterhöft, Till 183
Otto, Boris 42

Pappas, Ilias 5
Paucar, Richard 142
Pawlowski, Jan 458
Poser, Mathis 142
Prat, Nicolas 363
Prinz, Christoph 195
Purao, Sandeep 208

Rajamany, V. 470
Rampold, Florian 195
Reuter-Oppermann, Melanie 221
Riefle, Lara 433
Rieger, Alexander 171
Roth, Tamara 171
Ruj, Sushmita 97

Schmid, Isabel 68
Schmidt-Kraepelin, Manuel 154
Schoormann, Thorsten 42
Schwabe, Gerhard 115
Seckler, Christoph 237, 262
Shankar Subramanian, Varun 142
Siemon, Dominik 128

Smuts, Hanlie 483
Sprenkamp, Kilian 115
Staudt, Philipp 303
Storey, Veda C. 363
Sunyaev, Ali 154

Thatcher, Jason 351
Thiebes, Scott 154
Trang, Simon 195

van Biljon, J. A. 470
van der Merwe, Alta 483
van Staden, C. J. 470
Venable, John R. 405

Wagner, Martin 154
Warsinsky, Simon 154
Weinhardt, Christof 303
Wiethof, Christina 142
Winter, Robert 483
Wörner, Janik 68

Yan, Sen 55

Zavolokina, Liudmila 115


	 Preface
	 Organization
	 Contents
	Transdisciplinary Research and DSR (Theme Track)
	List of Reviewers

	An Information Systems Design Theory for Digital Broker Platforms
	1 Introduction
	2 Theoretical Background
	2.1 Digital Platforms and Brokerage
	2.2 Design Theory and Theorizing

	3 Conceptual Approach
	4 IS Design Theory for Digital Broker Platforms
	5 Expository Instantiation
	6 Discussion and Conclusion
	References

	Morphological Analysis for Design Science Research: The Case of Human-Drone Collaboration in Emergencies
	1 Introduction
	2 Background
	2.1 Human-Drone Collaboration
	2.2 A Sociotechnical View of Human-Drone Collaboration

	3 Methodology
	3.1 Morphological Analysis for Sociotechnical Systems (MASS)
	3.2 Applying MASS to Human-Drone Collaboration

	4 Results
	5 Discussion
	5.1 Design Science Research for Human-Drone Collaboration
	5.2 MASS in Design Science Research

	6 Conclusion
	References

	A Personalized Conversational Agent to Treat Depression in Youth and Young Adults – A Transdisciplinary Design Science Research Project
	1 Introduction
	2 Related Work
	2.1 Conversational Agents for Mental Health
	2.2 Personalization

	3 Methodology
	4 Design Science Research Project
	4.1 Problem Awareness
	4.2 Suggestion
	4.3 Development
	4.4 Evaluation

	5 Results and Discussion
	6 Conclusion
	References

	Design Principles for Boundary Spanning in Transdisciplinary Design Science Research
	1 Introduction
	2 Research Background
	2.1 Boundary Object and Boundary Spanning
	2.2 Design Principles-in-Use and Design Principles-in-Formulation

	3 Design Principles for Boundary Spanning
	3.1 Design Principles as a Boundary Object
	3.2 Design Principles-in-Formulation as Boundary Spanning
	3.3 Design Principles-in-Use as Boundary Spanning

	4 Illustration: The Use Case of Data Spaces
	4.1 Case Description
	4.2 Formulating and Using Design Principles for Boundary Spanning

	5 Contributions, Limitations, and Outlook
	References

	Toward an Information Systems Ontology
	1 Introduction
	2 Taxonomies and Ontologies in IS and CS
	3 Ontology Development
	3.1 Development and Population of a Top-Level Structure
	3.2 Development and Population of Lower Hierarchy Levels
	3.3 Refinement with IS Articles
	3.4 Refinement with Wild Card Patterns
	3.5 Refinement with Extracted Scientific Key Terminology
	3.6 Refinement with IS Classification Schema

	4 The Information Systems Ontology
	5 Evaluation and Discussion
	6 Conclusion
	References

	Supporting Product Development by a Trend Analysis Tool Applying Aspect-Based Sentiment Detection
	1 Motivation
	2 Foundations and Related Work
	2.1 Conceptual Background
	2.2 Design Requirements and Available Tools on the Market

	3 Research Procedure
	4 Design and Development
	5 Demonstration and Discussion of the Artifact
	5.1 Demonstration of the Artifact
	5.2 Discussion of the Demonstration

	6 Conclusion, Contribution and Outlook
	References

	Blockchain Information Systems
	Transient Random Number Seeds in Permissionless Blockchain Systems
	1 Introduction
	2 Related Work
	3 Preliminaries
	4 Proposed Approach
	4.1 TRNS Recipient Protocol
	4.2 TRNS Sender Protocol
	4.3 TRNS Retrieval Protocol
	4.4 TRNS Verification Protocol
	4.5 Using the TRNS for Consensus

	5 Conclusion
	References

	Blockchain-Enabled Secure and Smart Healthcare System
	1 Introduction
	1.1 Objective
	1.2 Our Contribution
	1.3 Organization

	2 Related Work
	3 Preliminaries
	3.1 Basic Cryptographic Primitives
	3.2 Other Building Blocks

	4 High-Level View of the System
	4.1 System Model
	4.2 Assumptions
	4.3 Communication Protocol Between Patient and Hospital

	5 Security Analysis
	5.1 Fairness
	5.2 Privacy

	6 Result and Discussion
	7 Conclusion
	References

	Intelligent Systems and Human Interaction
	Can Artificial Intelligence Help Used-Car Dealers Survive in a Data-Driven Used-Car Market?
	1 Introduction
	2 Background and Related Work
	3 Methodology
	4 Problem Definition
	5 Solution Objectives and Design Requirements
	6 Secondary Problems
	7 Discussion
	8 Conclusion
	References

	Assessing the Reusability of Design Principles in the Realm of Conversational Agents
	1 Introduction
	2 Conceptual Background
	2.1 Conversational Agents
	2.2 DPs as Generalizable Design Knowledge

	3 Research Approach
	3.1 Paper Selection Process
	3.2 Paper Analysis

	4 Results
	5 Discussion and Concluding Remarks
	References

	Let’s Team Up with AI! Toward a Hybrid Intelligence System for Online Customer Service
	1 Introduction
	2 Conceptual Background
	3 Research Approach
	4 Design and Development
	4.1 Theory-Derived Meta Requirements
	4.2 Design Principles, Design Features, and Instantiation

	5 Evaluation
	6 Discussion and Conclusion
	References

	Gamified Expert Annotation Systems: Meta-Requirements and Tentative Design
	1 Introduction
	2 Foundations: Gamification of Expert Annotation Tasks
	3 Research Design
	4 Meta-Requirements for Gamified Expert Annotation Systems
	5 A Tentative Design for a Gamified Expert Annotation System
	6 Discussion and Conclusion
	References

	Healthcare Systems and Quality of Life
	Reviewers

	Guiding Refugees Through European Bureaucracy: Designing a Trustworthy Mobile App for Document Management
	1 Introduction
	2 Background
	2.1 The Role of ICT for Refugees
	2.2 Antecedents of Institution-Based Trust

	3 Research Method
	4 Design and Development
	4.1 Design Requirements
	4.2 Design Features and Instantiation

	5 Evaluation
	6 Discussion
	7 Conclusion
	References

	Just What the Doctor Ordered – Towards Design Principles for NLP-Based Systems in Healthcare
	1 Introduction
	2 Natural Language Processing in Healthcare
	3 Research Design
	3.1 First Iteration
	3.2 Second Iteration

	4 Understanding the Design of NLP-Based Systems in Healthcare
	4.1 Meta Requirements and Design Principles
	4.2 Evaluation of Findings

	5 Discussion and Conclusion
	References

	A Digitization Pipeline for Mixed-Typed Documents Using Machine Learning and Optical Character Recognition
	1 Introduction
	2 Research Background
	3 Research Approach
	4 Objectives of a Solution
	5 Results
	5.1 Preprocessing
	5.2 Recognition
	5.3 Postprocessing
	5.4 Evaluation

	6 Discussion and Conclusion
	References

	Fathers with Postpartum Depression: A Problem Space Exploration
	1 Introduction
	2 Background: New Fathers with PPD
	3 Research Approach
	4 Fathers with PPD: Problem Space Exploration
	4.1 Iteration 1 – Discovering Pain Points of New Fathers
	4.2 Iteration 2 – Developing Prototypical Personas
	4.3 Integrating Across Iterations – Identifying Meta-requirements
	4.4 Validating the Findings

	5 Discussion and Next Steps
	References

	A Design Science Approach to Blood Donation Apps
	1 Introduction
	2 Existing Blood Donation Apps
	3 Behavioural Change Models Regarding Blood Donation
	4 Design Science Research Project
	5 Designing Smartphone Applications for Blood Donors
	6 Conceptual Model
	7 Evaluation
	8 Conclusion
	References

	Innovation and Entrepreneurship
	Reviewers

	Developing an Innovation Accounting System for a Professional Service Firm: A Design Science Research Project
	1 Introduction
	2 Problem Definition and Diagnosis
	2.1 Research Question
	2.2 What Stakeholders Need: Analysis of Needs of Relevant User Groups
	2.3 What Can be Built: Existing Innovation Accounting Approaches in Literature

	3 Solution Design
	3.1 Design Requirements
	3.2 Object Design

	4 Evaluation
	5 Learning
	6 Conclusion
	References

	Market of Makers – How to Promote Corporate Entrepreneurship with an Effectuation Intervention
	1 Introduction
	2 Objectives of a Solution
	3 Design and Development
	3.1 Designing the Market of Makers
	3.2 Designing the Speedboat Regatta

	4 Demonstration
	4.1 Applying the Market of Makers
	4.2 Applying the Speedboat Regatta

	5 Evaluation
	6 Discussion and Conclusion
	References

	How to Make Smart Collaboration Work in Multidisciplinary Teams
	1 Introduction
	2 Problem Definition
	3 Problem Analysis
	4 Solution Design
	4.1 Design Requirements
	4.2 Object Design

	5 Evaluation
	6 Learnings
	7 Conclusion
	References

	The Chimera of the Simple Organization: What is the Relevant Design Knowledge Needed to Guide Small Business Digital Transformation?
	1 Introduction
	2 Research Approach
	3 Characteristics of Small Businesses
	4 Designing for Small Businesses
	5 Discussion and Conclusion
	References

	Models of Impact: A Methodology and a Toolkit to Generate Sustainable Business Models
	1 Introduction
	2 Related Work and Literature Review
	2.1 Business Models and Social Impact
	2.2 Social Entrepreneurship Education
	2.3 Revenue and Impact Models

	3 Research Methodology
	3.1 Kernel Theory – Game-Based Learning
	3.2 The Artifact Design: Models of Impact Game and Toolkit

	4 Evaluation – User Case Studies
	4.1 Use in Education
	4.2 Use in a Large Non-profit Organization
	4.3 Use in Community Events

	5 Some Reflections and Limitations
	6 Conclusions and Future Work
	References

	Sustainability and Responsible Design (Environmental Issues, Human Values and Ethical Design)
	Towards Designing Smart Home Energy Applications for Effective Use
	1 Introduction
	2 Related Work and Theoretical Foundations
	3 Research Methodology
	4 Designing a Smart Home Energy Application
	5 Conclusion and Outlook on Expected Contribution
	References

	Human Safety and Cybersecurity
	Designing Information Security Culture Artifacts to Improve Security Behavior: An Evaluation in SMEs
	1 Introduction
	2 Background
	2.1 Organizational Culture
	2.2 IS Security Culture
	2.3 Security-Related Behaviors
	2.4 Relationship Between IS Security Culture and Security-Related Behavior

	3 Methodology
	4 Data Collection
	5 Case Study: Evaluation in SMEs
	6 Discussion
	7 Conclusion and Further Work
	References

	Emerging DSR Methods and Processes
	Reviewers for the Emerging DSR Methods and Processes Track

	Toward a Method for Reviewing Software Artifacts from Practice
	1 Introduction
	2 Conceptual and Methodological Foundations
	2.1 Software Artifacts in Research and Practice
	2.2 Literature Review Process

	3 A Method for Reviewing Software Artifacts from Practice
	4 Demonstrating the Applicability of the Method
	5 Discussion and Outlook
	References

	SeniorDT: A Design Thinking-Based Approach to Requirements Engineering Involving Elderly Users
	1 Introduction
	2 Literature Review
	3 Methodological Approach
	4 Project Background
	5 SeniorDT - Design and Development
	5.1 Demonstration and Evaluation of the Initial Version
	5.2 Refinement of SeniorDT
	5.3 Evaluation of the Refined Version of SeniorDT

	6 Discussion: Reflection and Learning
	6.1 Limitations and Further Research

	References

	A Granular View of Knowledge Development in Design Science Research
	1 Introduction
	2 Literature Review
	3 Design Knowledge Types and Operations
	3.1 Design Knowledge Types
	3.2 Operations
	3.3 From Knowledge Types to Knowledge Types Through Operations

	4 Triplets to Progress Projectability, Fitness, and Confidence
	5 Conclusion
	References

	Towards a Scheme for Contribution in Action Design Research
	1 Introduction
	2 Background
	2.1 Action-Oriented Design Science Research
	2.2 Theoretical Contribution
	2.3 DSR Contributions

	3 Empirical Grounding: Reflections on Ongoing ADR Research
	4 A Conceptual Scheme for ADR Contributions
	4.1 Application for Research Design

	5 Discussion
	6 Conclusion
	References

	Designers and Collaborative DSR
	Action Design Research – Models for Researcher-Practitioner Collaboration
	1 Introduction
	2 Literature Review
	3 The RPC Project and the ADR Project
	4 Research Method
	5 Main Challenges
	5.1 Challenge 1: Researcher Intervention in Practitioner Contexts
	5.2 Challenge 2: Reciprocal Shaping Between Artifacts and Design Principles Emerged from Theory and Practice
	5.3 Challenge 3: Researcher and Practitioner Learning

	6 Theoretical Models
	7 Discussion
	8 Conclusion
	References

	Are Journals and Repositories Enough? Design Knowledge Accumulation as a Diffusion of Innovation Practice
	1 Introduction
	2 DK Accumulation as a Problematic Phenomenon
	3 DK Accumulation as a Communication Endeavor
	4 Diffusion of Innovation
	5 Instantiating DoI for DK Accumulation
	5.1 The Innovation
	5.2 The Agents
	5.3 The Communication Channels

	6 Conclusion
	References

	Analyzing Design Knowledge Representation in Design Science Research and Deriving Recommendations to Support Design Knowledge Codification
	1 Introduction
	2 Theoretical Background
	2.1 Design Science Research and the Importance of Design Knowledge
	2.2 Design Knowledge Accumulation to Facilitate Reuse

	3 Identifying and Classifying Design Knowledge Representation Forms
	3.1 Systematic Literature Review
	3.2 Coding Frame

	4 Results: Status Quo of Design Knowledge Representation in Design Science Research
	5 Critical Discussion of the Status Quo and Recommendations
	6 Conclusion and Future Research Directions
	References

	Education and DSR
	Designing Virtual Toolboxes to Guide Educators in Creating Online Learning
	1 Introduction
	2 Foundations and Related Work
	3 Overview of the Design Science Research Project
	4 Designing Virtual Toolboxes to Support Educators in Online Learning
	4.1 Design Requirements for Virtual Toolboxes
	4.2 Design Principles for Virtual Toolboxes
	4.3 Instantiation

	5 Evaluation
	6 Discussion
	6.1 Implications for Research and Practice
	6.2 Limitations and Future Research

	7 Conclusion
	References

	DSR Teaching Support: A Checklist for Better DSR Research Design Presentations
	1 Introduction
	2 Background Knowledge
	2.1 Context of the Research Problem and Need for a Solution
	2.2 Knowledge that Informs the Artefact Design

	3 Methodology
	3.1 Reference Approach
	3.2 Procedures

	4 Artefact Presentation
	5 Evaluation Results
	6 Conclusion
	References

	System Design Principles for Intergenerational Knowledge Sharing
	1 Introduction and Problem Awareness
	2 Research Methodology
	3 Result
	3.1 Elaboration on Meta-requirement
	3.2 Demonstration of Meta-design
	3.3 Reflection and Formalization of Proposed Design Principles

	4 Discussion
	References

	User Experience Requirements of Digital Moderation Systems in South Africa: Using Participatory Design Within Design Science Research
	1 Introduction
	2 Literature Review
	3 Methodology
	3.1 Introduction
	3.2 Data Collection
	3.3 Results

	4 Findings
	5 Conclusion
	References

	“Designing” Design Science Research – A Taxonomy for Supporting Study Design Decisions
	1 Introduction
	2 Design Science Research
	3 Taxonomy Development Approach
	4 Research Method
	5 Results: Taxonomy for Design Science Research Studies
	6 Using the Proposed Taxonomy to Identify Patterns of DSR Studies
	6.1 Example Studies
	6.2 DSR Research Patterns

	7 Conclusion
	References

	Correction to: The Transdisciplinary Reach of Design Science Research
	Correction to: Guiding Refugees ThroughEuropean Bureaucracy: Designinga Trustworthy Mobile App for DocumentManagement
	Author Index



