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Preface 

Design science research in Information Systems is gaining exciting momentum, and the 
DESRIST conference series has been at the heart of this evolution—sparking curiosity, 
shaping discourse, and laying a strong intellectual foundation for scholars and innovators 
in the field. This volume contains full papers that were presented at DESRIST 2025 – the 
20th International Conference on Design Science Research in Information Systems & 
Technology – held from June 2–4, 2025, at Montego Bay, Jamaica. 

Over the years, DESRIST has brought together researchers and practitioners engaged 
in all aspects of design science research. As in previous years, scholars and design 
practitioners from various areas, such as information systems, business and operations 
research, entrepreneurship, computer science, and interaction design came together to 
discuss the challenges and opportunities ahead. This year’s conference was somewhat 
unique in the sense that for the first time DESRIST was held in the Caribbean, in particular 
at Montego Bay, Jamaica, one of the rapidly growing economies embracing AI and 
technology. It built on a long legacy of 19 years of successful DESRIST conferences. 

This year’s conference theme was “Contextual Design Science Research: Local Solu-
tions for Global Challenges”. In an increasingly interconnected world, global challenges 
such as climate change, public health crises, and socio-economic disparities require 
both broad strategies and localized interventions. This theme encouraged the explo-
ration of how grassroots efforts, regional innovations, and community-based approaches 
can contribute to solving worldwide problems. That way we encouraged authors to 
report on grassroots journeys of design science research towards greater societal value 
contribution. 

The conference was organized around several main themes and tracks: Emerging 
DSR Methods and Novel Applications, Data-Driven Design Science, DSR Education, 
Healthcare Systems, Ageing and Wellbeing, Responsible Artificial Intelligence Design, 
Cybersecurity Privacy and Ethics, Innovation and Entrepreneurship, and Sustainable 
Development and Environmental Solutions. Each track was headed by distinguished 
track chairs who managed the review of papers that were submitted in their respective 
tracks. In total, we received 111 submissions (102 papers, and 9 prototypes). Each 
research paper was reviewed double-blind by a minimum of two referees. This Springer 
volume contains 38 research papers with an acceptance rate of 37%. About 23 papers 
were assigned as posters that were presented to attendees. 

We would like to thank all the authors who submitted papers to the DESRIST 2025 
conference. We hope the readers will find the papers as interesting and informative as 
we did. We would like to thank all the track chairs, program committee members, and 
reviewers for their invaluable service. We would also like to thank the other members 
of the Organizing Committee, as well as volunteers, whose dedication and effort helped 
bring about a successful DESRIST 2025 conference. Our special thanks go to Alton 
Bodley for managing the submission system and for his tireless service as a web master. 
We would also like to thank Gunjan Mansingh and Lila Rao at The University of the West



vi Preface

Indies and all the sponsors for their support. Our deepest gratitude to Gregor Kipping 
of the University of Münster for handling the Springer Proceedings. Special thanks to 
Charlette Donalds and Ricardo Anderson for working out all the local arrangements 
details at the Ocean Coral Spring Resort in Montego Bay. We believe the papers in these 
proceedings provide many interesting and valuable insights into theory and practice of 
DSR. They open up new and exciting possibilities for future research in the discipline. 

June 2025 Samir Chatterjee 
Jan vom Brocke 

Ricardo Anderson
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Reframing the Problem Space: A Layered 
Model for Coevolving Problems and Solutions 

Hanna Buyssens1,2(B) and Stijn Viaene1,2 

1 Vlerick Business School, Ghent, Belgium 
{hanna.buyssens,Stijn.viaene}@vlerick.com 

2 KU Leuven, Leuven, Belgium 

Abstract. This paper advances the Design Science Research (DSR) paradigm by 
addressing the fundamental challenge of coevolving problems and solutions in 
dynamic, uncertain, and iterative environments. Although DSR frameworks excel 
in structured problem-solving, they lack mechanisms to conceptualize problem 
spaces under high uncertainty. A robust understanding of such spaces remains 
critical for DSR’s practical relevance. This study introduces an extended concep-
tualization of the problem space building upon the model proposed by Maedche 
et al. [1]. We extend the problem conceptualization as a fluid, iterative process in 
which problems and solutions continuously shape each other through stakeholder-
artifact interactions. By integrating theoretical concepts of effectuation and affor-
dances, our model empowers researchers and practitioners to navigate complex, 
rapidly evolving problem spaces while providing a structured yet flexible app-
roach for iterative problem and solution refinement. We demonstrate the model’s 
practical application in a real-world DSR project, showcasing its ability to enhance 
problem-solving in socially and technologically intricate domains. This approach 
ensures that DSR remains adaptive, responsive, and effective in uncertain contexts. 

Keywords: Design science research · problem space · affordances · 
effectuation · problem-solution coevolution 

1 Introduction 

Design Science Research (DSR) has steadily gained prominence for its capacity to 
address real-world challenges and generate knowledge through the design of innovative 
artifacts. Rooted in structured, means-ends processes [2, 3], it emphasizes the importance 
of clearly understanding the problem from the outset, ensuring that the research remains 
focused, purposeful, and aligned with stakeholder needs [4–6]. 

As DSR continues to evolve, it is increasingly applied to “wicked problems”— 
complex, dynamic challenges marked by shifting boundaries and the coevolution of 
problems and solutions [7, 8]. While iterative processes in DSR implicitly acknowledge 
this coevolution [3, 9], existing frameworks rarely explain how problem definitions adapt 
to emerging solutions or contextual insights. This makes it challenging to maintain 
the necessary flexibility and responsiveness required to effectively address evolving 
challenges [10].
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Consequently, while iterative processes are integral to DSR, the interplay between 
the evolving problem and solution spaces often remains underexplored. For example, 
Maedche et al. [1] have proposed a conceptualization of the problem space that explains 
the key concepts and interrelationships of these concepts; however, their conceptual-
ization, while useful, does not fully capture situations in which problems and solutions 
may coevolve. In DSR projects dealing with uncertainty, problems are often not merely 
preconditions to solutions but rather, in part, redefined through the design of artifacts 
and the insights gained during the design process [10]. This coevolutionary perspective 
highlights the need for a better understanding of the integrated and context-sensitive 
approach to tackling complex challenges, where problems and solutions are treated as 
interdependent and continuously evolving constructs. 

In short, while DSR frameworks have been effective in addressing well-defined 
problems, there is a lack of clear guidelines on how problem definitions evolve alongside 
solutions in environments of uncertainty and change. As such, we pose the following 
research question: 

How can DSR conceptualize and support the coevolution of problems and solutions 
in uncertain environments? 

This paper proposes a dynamic conceptualization of the problem space that emphasizes 
iteration and creativity in situations where problems and solutions coevolve. This con-
ceptualization offers researchers and practitioners a more flexible model to navigate 
uncertainty and rapidly changing environments, supporting the iterative redefinition of 
problems as new insights and opportunities emerge. Building on the foundational work of 
Maedche et al. [1], we extend their conceptual model by integrating affordance theory 
and effectuation. This extension broadens the focus from causation-driven and goal-
oriented design to more opportunity-driven and emergent design practices, emphasizing 
iteration and creative problem-solving. 

Effectuation, a decision-making logic rooted in entrepreneurial theory, offers a way to 
navigate complex and uncertain environments by focusing on what can be achieved with 
available resources rather than relying on pre-defined outcomes [11]. When combined 
with affordance theory, which examines how artifacts enable context-dependent actions 
[12, 13], this perspective fosters a dynamic and iterative coevolution of problem and 
solution space. Artifacts and their evolving affordances stimulate new insights, which 
in turn reshape problem understanding, creating cycles of adaptive innovation [14, 15]. 

Our model explicitly links iterative problem redefinition to artifact design, emphasiz-
ing how user-artifact interactions uncover latent affordances and opportunities. By fram-
ing problems and solutions as mutually constitutive, the approach provides structured 
guidance for navigating coevolution in complex, uncertain contexts. 

The remainder of the paper is structured as follows: we begin by describing the prob-
lem space in the context of DSR, elaborating on the inherent challenges of dealing with 
ambiguity, uncertainty, and coevolution. We then discuss the theories informing our app-
roach, i.e., effectuation and affordance theory, providing the foundation for our extended 
conceptualization. Next, we present our model, as well as a real-world application of 
the model. We end the paper with a discussion and concluding remarks.
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2 Background 

2.1 The Problem Space in DSR 

DSR is a well-established methodology originating from software design [16, 17]. The 
method focuses on the creation and evaluation of artifacts—whether technological, orga-
nizational, or procedural—to solve real-world problems. Essentially, a DSR project aims 
to develop design knowledge that describes a means-ends relation between a “problem 
space” and a “solution space” [18]. Defining the problem space is a foundational step in 
DSR, as it sets the stage for the entire research process, ensuring all subsequent efforts 
are aligned, purposeful, and contextually relevant [1, 19]. 

Hevner et al. [3] highlight the critical importance of identifying and understanding 
organizational problems. They argue that the development of purposeful artifacts must 
be grounded in real-world needs, ensuring alignment between the design process and the 
requirements of the organizational context. This alignment, in turn, enables meaning-
ful and impactful outcomes. Similarly, problem identification is integral to the widely 
adopted stage-gate model for DSR proposed by Peffers et al. [20]. Their framework out-
lines six key stages: (1) problem identification and motivation, (2) defining objectives 
for a solution, (3) designing and developing the artifact, (4) demonstrating the artifact’s 
effectiveness, (5) evaluating the artifact, and (6) communicating the results. 

Furthermore, the significance of problem identification is reinforced in the Action 
Design Research (ADR) methodology proposed by Sein et al. [9], a variant of DSR that 
emphasizes the interplay between artifacts and the organizational context. According 
to Sein et al. [9], defining the problem is not merely a procedural step but a process 
of inspiration, shaping the research agenda and offering opportunities for scholarly 
knowledge creation (p. 40). 

From the above, it is evident that a clear and context-sensitive understanding of 
the problem space is a critical success factor for any DSR or ADR project. This was 
also argued by Maedche et al. [1], who offer a conceptual framework for structuring 
the problem space. The authors emphasize the importance of thoroughly analyzing and 
articulating the problem space to avoid addressing the “wrong problem” with the “right 
method.” Their model is designed to ground, situate, diagnose, and resolve the problem 
while ensuring all aspects are comprehensively addressed. The framework centres on four 
interrelated concepts: stakeholders, needs, goals, and requirements (see Fig. 1). Together, 
these components provide a structured approach for systematically exploring the problem 
space and ensuring that the design process is grounded in a nuanced understanding of 
the problem context. A key strength of their model is the clear distinction between 
“goals” and “requirements,” which prevents premature specification of requirements. 
Additionally, by explicitly incorporating stakeholders, their conceptualization ensures 
diverse perspectives are accounted for, minimizing the risk of pseudo-problems and 
enhancing the relevance and applicability of design solutions. 

2.2 The Problem of the Problem 

A well-defined problem is undeniably a critical element in any research project. However, 
in real-world contexts, defining the problem can be inherently challenging, particularly
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Fig. 1: Conceptualization of the problem space from Maedche et al. [1] 

when the problem is engrained with significant uncertainty and conflicting stakeholder 
perspectives [18]. Some DSR projects are characterized by complexity, uncertainty, and 
ambiguity—traits often associated with “wicked problems” [21]. Wicked problems lack 
clear boundaries and well-defined solutions, requiring a flexible and adaptive approach 
to problem-solving. These problem spaces are ill-defined or difficult to deal with and 
oftentimes require researchers to manage the coevolving nature of the problem and 
the solution [10]. In such situations, researchers must embrace a flexible and adaptive 
approach to problem-solving, one that allows for iterative refinement and the integration 
of diverse perspectives [22]. 

Herbert Simon [23], in “The Sciences of the Artificial”, addressed the inherent diffi-
culties of problem definition by conceptualizing design as a “search process.” According 
to Simon, real-world problem-solving rarely begins with clearly defined goals. Instead, 
it is often driven by exploration, discovery, and iterative engagement. This perspective 
emphasizes that goals and problem definitions evolve as understanding deepens, with 
the design process focusing on uncovering opportunities and possibilities rather than 
pursuing pre-defined solutions (pp. 106–109). 

While the search process is acknowledged in the methodologies proposed by many 
DSR scholars [3, 9, 20], the approaches often implicitly assume that the problem is clearly 
defined in an early phase. They briefly suggest that unknowns can be resolved through 
iteration but offer little detail on how this process unfolds. For example, Sein et al. [9] 
mention that “once identified, articulated, and scoped, the problem serves as inspiration 
for research efforts and presents the opportunity for scholarly knowledge creation” 
(p. 40). However, they do not go in-depth as to how problem articulation evolves over 
time or how iterative cycles influence the ongoing refinement of the problem definition. 

Arguably, in many DSR projects, problem definition is an early-phase activity, with 
insufficient guidance on how it informs or transforms the conceptualization of the prob-
lem space throughout the design process, especially in cases where the problem and 
solution coevolve. 

Recent scholarship has stressed the need for more iteration in problem definition. 
For example, Tuunanen et al. [18] have noted that DSR projects are often embedded with 
significant complexity (wickedness) and, therefore, require iterative approaches to prob-
lem understanding and objective formulation (p.428). They propose a methodology that 
divides the research process into multiple “design echelons” – distinct layers of inquiry
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that iteratively refine both the problem definition and the emerging solution. However, 
the specific mechanisms driving this iterative coevolution have not been thoroughly 
explored. Maedche et al. [1] also recognized the potential for problems and solutions 
to coevolve and incorporate this interplay into their framework through a bidirectional 
relationship between the problem and solution spaces (see arrow between problem and 
solution space in Fig. 1). However, while their model recognizes this interplay, it could 
be further enriched by detailing the mechanisms that facilitate this coevolution. 

Building on these foundations, this work extends Maedche et al.’s [1] conceptualiza-
tion to better address contexts where initial problems are not easily defined and where 
problems and solutions coevolve. In such situations, it is essential to establish a flexi-
ble reference scope for the problem space that can be iteratively refined throughout the 
project as new insights emerge. 

2.3 Theoretical Foundation 

To address the challenge of coevolving problems and solutions in uncertain contexts, 
we propose effectuation and affordance theory as complementary kernel theories for 
problem definition in DSR. These frameworks diverge from traditional cause-effect 
logic, offering dynamic, relational lenses to navigate ambiguity and iterative problem-
solution dynamics. 

Effectuation, introduced by Sarasvathy [11] in entrepreneurial research, challenges 
traditional causation-based decision-making by proposing a logic designed to thrive 
under uncertainty. Unlike causation, which begins with a specific goal and identifies 
the means to achieve it, effectuation starts with the available means and allows goals 
to emerge through iterative exploration. At its core, effectuation prioritizes learning, 
experimentation, and a pragmatic approach to control. It embraces a dynamic interplay 
between means and ends, shaped by the decision-makers or designers’ vision and their 
ability to tolerate uncertainty. 

While DSR methodologies traditionally rely on cause-effect thinking with well-
defined goals, some scholars argue that effectuation offers a more suitable alterna-
tive for navigating uncertain and rapidly evolving problem spaces [24, 25]. Both DSR 
and effectuation are grounded in pragmatic philosophy, emphasizing the co-creation of 
knowledge and solutions, which suggests significant potential for synergy [26]. In the 
context of DSR, effectuation shifts the focus from solving static, pre-defined problems 
to dynamically co-creating solutions through iterative engagement with stakeholders. 

Rather than designing artifacts for predetermined outcomes, researchers can leverage 
these artifacts, resources, constraints, and stakeholder inputs to discover novel possibil-
ities, fostering creativity and resilience [22, 25]. Additionally, effectuation reframes the 
role of artifacts in DSR, positioning them not as static solutions to pre-defined prob-
lems but as dynamic enablers of emergent opportunities [11]. By adopting an effectual 
mindset, DSR researchers and practitioners can better accommodate uncertainty, foster 
innovation, and create artifacts that evolve alongside their contexts. 

Affordance theory complements this perspective by grounding artifact-user inter-
actions in relational dynamics. Affordance theory, introduced by Gibson [27] and later 
elaborated by Norman [28], emphasizes the potential actions that an object or environ-
ment enables for its users. In the context of DSR, affordances refer to the interaction
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possibilities that emerge when users engage with an artifact. This perspective highlights 
how design decisions influence user behaviors and social interactions [12, 29]. By focus-
ing on affordances, researchers can design artifacts that meet not only existing needs 
but also reveal new opportunities for user engagement and innovation. For example, Pan 
et al. [30] employed affordance theory in the design of a wildlife management analytics 
system to investigate how monitoring systems shape interactions between human and 
non-human actors. They utilized affordance-based design (ABD) by Maier, Fadel [15] 
to explore the non-deterministic nature of design, emphasizing how artifacts and their 
outcomes evolve throughout the process. 

Affordances and ABD diverge from traditional, function-driven design by emphasiz-
ing the dynamic relationship between users and artifacts. Instead of viewing artifacts as 
static solutions to pre-defined problems, ABD treats them as evolving enablers of action, 
capable of adapting to changing contexts and user behavior. Central to this perspective 
is the relational nature of affordances, which emerges from the interactions between a 
user, an artifact, and the surrounding environment. This relational view underscores that 
affordances are not inherent properties of an artifact but are co-constructed through the 
engagement and context-specific needs of the user [15, 30]. By recognizing this inter-
play, researchers can design systems that are better attuned to the shifting dynamics of 
real-world usage. 

This approach aligns naturally with the iterative, experimental nature of DSR, allow-
ing researchers to refine artifacts based on real-world feedback continuously. In this 
research, affordance theory complements effectual logic by emphasizing adaptability, 
exploration, and iterative refinement in response to uncertainty. It provides a lens to 
examine how features of the environment and technology shape and constrain actions, 
enabling researchers to better understand the dynamic interplay between user behaviors 
and system design, as well as providing a lens to conceptualize coevolution between 
problems and solutions [13]. 

3 Formulation of the Problem Space 

In this section, we present our extension to the conceptualized model described by Maed-
che et al. [1], with reference to the original in Fig. 1. We first briefly elaborate on the 
original model before presenting the extension. The original model is grounded in four 
foundational concepts: needs, goals, requirements, and stakeholders. Needs represent the 
essence of the problem, encapsulating what is desired or required to address a particular 
situation or unlock potential opportunities. They are central to the problem space and 
often reflect challenges or aspirations that drive the design process. Goals provide direc-
tion and intent by outlining the desired outcomes or states that align with these needs, 
serving as a bridge between abstract aspirations and concrete design efforts. Require-
ments operationalize goals by specifying detailed, actionable criteria that the designed 
artifact must meet to address the identified needs effectively. These requirements ensure 
that the artifact remains purposeful and aligned with overarching objectives. Finally, 
stakeholders are the individuals, groups, or entities that have an interest in, influence 
over or are impacted by the design project. They play a critical role in contextualizing 
the needs, goals, and requirements, often bringing diverse and sometimes conflicting
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perspectives. Resolving these conflicts and integrating stakeholder input is essential for 
clarifying and focusing the problem space [1]. 

Maedche et al.’s [1] model separates “requirements” from “goals,” ensuring that 
requirements are not prematurely specified. Additionally, they explicitly incorporate 
stakeholders to account for diverse perspectives, preventing the formulation of pseudo-
problems. 

The original conceptualization is inherently more causal and grounded in a Hei-
deggerian understanding of causa finalis (the final cause or purpose of an artifact) [31]. 
Heidegger’s concept of causa finalis focuses on an arifact’s intrinsic purpose or end goal, 
which, in traditional problem-solving frameworks, would remain relatively static. The 
artifact is seen as being created for a specific purpose, and its design and use are framed 
within this pre-defined intent [32]. However, in wicked problem contexts, the end goal 
or purpose of an artifact may shift as new opportunities, constraints, and interactions 
emerge; the space, therefore, may converge within the scope (sometimes referred to as 
exaptive, which means repurposing existing artifacts, processes, or ideas for uses beyond 
their original design or intent) [33]. The causa finalis in our extended model is, there-
fore, not a fixed destination but rather an evolving point of reference and reflection that 
adapts in response to the emergent affordances discovered through stakeholder-artifact 
interactions. This more fluid interpretation of purpose is aligned with the dynamic nature 
of effectuation, which encourages iterative exploration and the coevolution of problems 
and solutions. 

We build on Maedche et al.’s [1] foundation by introducing an additional layer to 
the model that incorporates a dynamic, means-driven perspective, which we refer to as 
the effectual layer. While the original model provides a structured referential scope for 
defining the problem space—which we refer to as the referential layer—we propose 
complementing it with an effectual layer that emphasizes the iterative and emergent 
coevolution of problems and solutions. This layer leverages the evolving solution artifact 
as a catalyst for discovering new affordances through stakeholder interaction. Arguably, 
both layers play a crucial role in the problem definition: the referential layer offers a solid 
foundation for initial problem scoping, ensuring clarity and direction (convergence), 
while the effectuation layer accounts for the fluid nature of goals and requirements, 
allowing them to emerge and adapt as the project progresses (divergence). This layered 
approach enhances the model’s capacity to navigate dynamic problem spaces, fostering 
innovation and responsiveness in rapidly changing environments. We present the dual-
layered perspective extending the conceptualization in Fig. 2 and describe the two layers 
as follows: 

1. Referential Layer: Retains the original structure of stakeholders, needs, goals, and 
requirements, ensuring clarity and a referential scope of the project. This creates 
convergence in the project. 

2. Effectual Layer: Incorporates affordances and effectuation to enable iterative explo-
ration and adaptation, fostering the coevolution of problems and solutions and pre-
senting more guidance. This creates divergence within the scope of the problem 
space.
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The referential layer aligns with Maedche et al.’s [1] original model, providing a struc-
tured foundation for problem scoping. In contrast, the effectual layer introduces affor-
dances, emergent goals (opportunities), and adaptive requirements. Here, affordances 
arise dynamically from interactions among users, artifacts, and contexts. The affor-
dances are, therefore, not fixed characteristics of the artifact but are co-constructed 
through the dynamic interplay between the artifact’s design features, the user’s capabili-
ties, and the specific environment of interaction [15, 34]. Affordances gradually emerge 
as stakeholders engage with the artifact, generating new perceived action potentials. 
These interactions explain how problems and solutions can coevolve: as new features 
are introduced into the artifact, stakeholders may perceive and enact new affordances, 
uncovering additional opportunities within the scope determined by the referential layer. 
By enabling iterative experimentation and fostering the discovery of novel uses and 
interactions, affordances support the dynamic exploration of possibilities. This process 
emphasizes exploration over prediction, allowing for the continuous redefinition of goals 
and requirements as the design process unfolds in a non-deterministic manner [13, 30]. 
This perspective aligns with effectuation by focusing on the iterative exploration of 
available means (e.g., the artifact’s affordances) to uncover new opportunities and refine 
the problem space dynamically [11]. 

Fig. 2: Layered conceptualization of problem space adapted from Maedche et al. [1] 

Goals (opportunities) in the effectual layer extend beyond the goals in the referen-
tial layer by accommodating the emergent opportunities (affordances) as the problem 
and solution coevolve. Unlike pre-defined goals that are tied to specific needs, these 
goals are iterative and responsive, arising through the affordances and interaction of 
stakeholders with the artifact. This perspective emphasizes that goals are adaptable as 
new opportunities are discovered during the design process and as artifacts are put into 
use [24]. These goals emerge in addition to the initial goals defined in the referential 
layer.
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Finally, the requirements in the effectual layer reflect the operationalization of emer-
gent goals but differ from their static counterparts by remaining flexible and adaptive as 
well. They are refined iteratively based on stakeholder feedback and the evolving problem 
context, ensuring alignment with both the artifact’s affordances and the dynamic goals. 
Effectual requirements also account for behaviors and capabilities that arise from the 
interaction between users, artifacts, and their environment, highlighting how they cannot 
be fulfilled by an artifact in isolation. By focusing on emergent behaviors and iterative 
adaptation, the framework supports a more nuanced and flexible approach to defining and 
satisfying requirements, ensuring they remain responsive to both the artifact’s evolving 
affordances and the complex realities of stakeholder engagement. 

Stakeholders remain the same in both layers. However, in the effectual layer, they 
play an even more critical role in contextualizing the needs, goals, and requirements 
as the relational dynamic between stakeholders and the artifact becomes even more 
central. This relational element is pivotal in the emergence of affordances, as it is through 
the active engagement of stakeholders with the artifact that new action potentials are 
revealed. 

We argue that in the context of wicked problems, we need both layers, as they serve as 
an ambidextrous guideline for exploring and exploiting [22]. The relationship between 
both layers is represented by the bidirectional arrow between the two and can be explained 
as follows: the referential layer will provide the initial scope of the project, thereby 
diverging the initial problem space. However, in the next step, when the initial artifact is 
being developed and the solution maturity grows, there may be new opportunities that 
emerge, which can be relevant to the problem space but were not initially identified. 
As such, an act of convergence may appear within the project’s scope. By focusing on 
the affordances that are relevant to the initial problem scope, researchers can iteratively 
refine the artifact and uncover emergent opportunities that may not have been evident 
during the initial problem-scoping phase. This dual-layered approach ensures that the 
research process remains grounded in a well-defined starting point while also allowing 
for the necessary flexibility to adapt and respond as new insights arise. 

4 Application of the Conceptualization 

We will briefly illustrate the application of the proposed conceptualization through a 
previously conducted research project involving two industry partners and one research 
partner. Details of the project can be found in [35]. We illustrate the conceptualization 
in Fig. 3. 

The project focused on designing a blockchain-based platform to facilitate sustain-
able water trade. One of the participating companies, a water provider, sought to cre-
ate an exchange platform that would enable the transparent trading and donation of 
potable water while emphasizing sustainability. Sustainability was a central element of 
the project, as the company’s strategic goals were aligned with Sustainable Develop-
ment Goal (SDG) 6, which aims to ensure the availability and sustainable management 
of water and sanitation for all [36]. By adhering to this objective, the company aimed 
to contribute to global efforts to promote water conservation, improve access to clean 
water, and foster responsible water usage. The blockchain-based platform was designed
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Fig. 3: Example of reconceptualized problem space 

to support these objectives by enabling transparent, traceable, and ethical trade prac-
tices, ensuring that the exchange and donation of water resources occurred in a manner 
consistent with the principles of sustainability and social responsibility. 

At the start of the project, the solution space was already somewhat defined, as the 
decision to use blockchain as foundational technology was made upfront. The stake-
holders included a range of actors, such as the company implementing the platform, as 
well as customers, philanthropic organizations, and regulators, each contributing diverse 
perspectives on the project’s objectives. 

The referential layer represents the initial outline of the project, centered on the need 
for a water exchange that is transparent and sustainable. This need was translated into 
clear goals, one of which entailed ensuring traceability for all water transactions, build-
ing trust, and enabling sustainability. Provenance, identified as a critical requirement, 
operationalized this goal and informed the design and integration of a blockchain-based 
platform. By adhering to the structured approach of the static layer, the company artic-
ulated its initial aspirations and laid the groundwork for the artifact’s development. The 
formulations in this layer were crucial as they provided a clear and referential scope for 
the project. The objective was to establish an exchange for trading water while ensuring 
traceability and sustainability, aligned with the goals of SDG 6. 

As the project progressed, the complexities of addressing sustainability challenges 
led to the incorporation of the effectual layer. The effectual layer allowed for flexibility 
and creativity as stakeholders interacted with the technology and each other, uncovering 
new opportunities and refining the project’s direction. One of the key emergent oppor-
tunities was the realization that blockchain’s assetization mechanism could be used to 
represent water as a digital asset. This idea was not pre-defined at the start but emerged 
through iterative experimentation and stakeholder engagement. It allowed the company 
to create a secondary marketplace for offsetting water waste through a credit system, 
similar to carbon credits, while still ensuring transparency of all water transactions.
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The affordances of blockchain technology, such as its assetization mechanism, 
became a central driver of innovation. These affordances were discovered as stake-
holders experimented with the technology and explored its potential applications. For 
example, while the initial problem statement focused on the trading of physical water, the 
blockchain’s ability to digitize water assets led to the creation of mechanisms like digital 
water tokens, which could incentivize sustainable water use. This affordance emerged 
through the use of technology and improved communication between the company and 
the developers. 

As new affordances were discovered, goals (opportunities) were iteratively refined. 
The creation of a secondary marketplace for water offsetting became a new goal that was 
not initially envisioned, as well as the creation of a nudging mechanism to offset water. 
Moreover, the goals in the initial layer dictated that there needed to be traceability; this 
could also be further facilitated through this mechanism and, therefore, remained within 
the scope of the problem. 

Additionally, these opportunities translated into new project requirements to support 
the trade of digital water assets and incentivize sustainable behaviors, ensuring that the 
technology could effectively support the newly discovered goals. 

The application of our extended conceptualization to the blockchain-based water 
trade project illustrates how the integration of referential and effectual layers supports 
both structured problem formulation and iterative innovation. By leveraging emergent 
affordances like blockchain’s assetization mechanism, the project adapted to new oppor-
tunities, evolving goals, and dynamic requirements, ensuring a flexible and responsive 
approach to the challenges at hand while remaining grounded in the referential scope of 
the problem. 

5 Discussion 

This paper contributes to the ongoing evolution of the DSR paradigm by addressing the 
challenges associated with dynamic, uncertain contexts and coevolving problems and 
solutions. While traditional DSR approaches are well-suited for tackling clearly defined, 
stable problems [3, 9, 20], they often lack guidance when applied to contexts where 
problem boundaries, stakeholder needs, and technological affordances are fluid, and 
problems and solutions coevolve. By proposing an extension to the conceptualization 
of the problem space by Maedche et al. [1], this study aims to accommodate DSR 
researchers and practitioners to better navigate uncertainty and align solutions with 
emergent stakeholder needs and affordances. 

A key contribution of this work lies in the layered model—comprising both ref-
erential and effectual layers—extending the conceptualization proposed by Maedche 
et al. [1]. While the original model provides a structured, referential foundation for 
understanding the problem space through stakeholders, needs, goals, and requirements, 
providing a reference for the problem scope, our adaptation introduces an additional 
iterative dimension that explicitly accounts for coevolving problems and solutions. The 
referential layer provides a stable, structured starting point for scoping and defining the 
problem space, offering clarity and focus during the early stages of design. The effectual 
layer adds flexibility and adaptability, enabling iterative exploration and coevolution as
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new affordances, opportunities, and requirements emerge during the design process. By 
accommodating the emergence of affordances through stakeholder-artifact interactions 
and enabling iterative goal and requirement refinement [14, 15], the model aligns DSR 
more closely with the realities of coevolving problems and solutions. 

We argue that this approach can help DSR researchers better navigate emergent 
opportunities by shifting focus from rigid problem definitions to the discovery of 
new possibilities as they arise. This iterative perspective supports the identification of 
unforeseen affordances, allowing researchers to explore innovative solutions that might 
otherwise remain unconsidered [22]. 

For designers, this model encourages an open mindset by emphasizing iterative learn-
ing and adaptation, aligning well with principles of divergent and convergent thinking. 
While this adaptive approach enables researchers to navigate complex and evolving 
problem spaces, it also introduces the risk of scope creep—the unintentional expansion 
of a project’s boundaries, objectives, or deliverables [37]. Scope creep can occur when 
the iterative discovery of affordances and emergent opportunities leads to a continu-
ous redefinition of goals, potentially diverting resources and diluting focus. As such, 
an initial convergent scope based on the initial referential layer is necessary to create 
a reference for the remainder of the project. While these boundaries can be somewhat 
fluid, they provide an anchoring, ensuring that the iterative process remains purposeful 
and focused on addressing the core challenges. 

6 Future Research 

We applied the model to a single case, and its broader validity remains to be tested 
through empirical application across diverse real-world contexts. To assess its utility, 
scalability, and adaptability, the proposed layered model requires practical implemen-
tation across various domains. Future research could further explore its applicability 
to DSR projects facing similar challenges in different settings. Specifically, studies 
could investigate the conditions under which the dynamic, effectual layer provides added 
value versus when traditional DSR approaches might be more effective. For instance, in 
well-defined, stable problem spaces, future research could examine whether the struc-
tured efficiency of traditional methodologies outweighs the complexity introduced by a 
coevolutionary approach. Additionally, further research could evaluate scenarios where 
incorporating the effectual layer leads to unnecessary iterations or resource expendi-
tures, helping refine guidelines for selecting the most appropriate approach based on the 
specific characteristics of a given problem space. 

A key aspect of this discussion is the evolving nature of both the problem and 
solution spaces. While our study, similar to Maedche et al. [1], centered on the problem 
space, we abstracted the solution space to a relatively static “IT artifact”. In reality, this 
space consists of many more elements (design principles, user behavior, etc.) and is 
anything but static. We used affordances as interaction-driven potentials to capture how 
artifacts and their contexts coevolve (e.g., blockchain’s tokenization feature enabling 
unforeseen sustainability mechanisms). Building on this foundation, future research 
could more explicitly model the evolution of the solution space and examine how these 
shifts reshape problem definitions over time. A deeper exploration of the solution space
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would not only refine the model’s applicability but also provide clearer guidelines on 
when and how effectual and coevolutionary mechanisms offer the most value in different 
DSR contexts. 

7 Conclusion 

This paper builds on the existing DSR paradigm by addressing the evolving challenges 
associated with coevolving problem and solution spaces in uncertain contexts. While 
traditional DSR frameworks have been effective in addressing well-defined problems, 
they often have no clear guidelines on how to define the problem when it is embed-
ded with fluidity, uncertainty, and the iterative nature of real-world design challenges, 
particularly in technologically and socially complex contexts. To address this gap, we 
extend the model proposed by Maedche et al. [1], incorporating a layered perspective 
that integrates referential elements with dynamic, effectuation-based processes. Central 
to this approach is the concept of affordances, which emphasizes the emergent possi-
bilities enabled by interactions between artifacts, stakeholders, and environments. Our 
proposed model supports the coevolution of problem and solution spaces by highlight-
ing iterative affordance discovery, adaptive goal formation, and emergent requirements, 
thereby enhancing DSR’s capacity to tackle complex design challenges. 
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Abstract. Design Science Research (DSR) has proven effective in generating 
knowledge on innovative solutions to real-world problems. DSR methodology 
has matured with DSR processes involving multiple design phases, each requiring 
distinct skills and resources. Previous work, however, has primarily considered 
humans to conduct DSR tasks. At the same time, in many areas of our modern 
lives, we increasingly see the use of artificial intelligence (AI) in value-adding 
human-AI collaborations. This research investigates the potential of AI to sup-
port and enhance DSR. Drawing from recent advancements in AI applications 
across various domains, we explore how AI technologies can be systematically 
integrated into different DSR tasks. We propose an exploratory framework that 
provides guidance for researchers and practitioners seeking to leverage AI in DSR. 
We examine the potential benefits of AI integration in each task. The research con-
tributes to the advancement of DSR methodology by exploring AI integration in 
DSR, potentially increasing efficiency and effectiveness in design knowledge cre-
ation and reuse. Our findings suggest that while AI can significantly enhance DSR 
activities, success requires careful consideration of AI capabilities and limitations 
within each task. Our work addresses an important gap in current DSR literature 
by suggesting AI integration while maintaining the methodological rigor essential 
to design science research. 

Keywords: Artificial Intelligence · Design Support · Research Methodology · 
AI-based Design · DSR 

1 Introduction 

Design Science Research (DSR) focuses on generating knowledge for solving real-
world problems by developing and evaluating innovative solutions, including concepts, 
models, methods, and instantiations [28]. The DSR methodology has its roots in the field 
of engineering, with a particular focus on designing socio-technical systems to develop
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utility in specific real-world use contexts [58]. Real-world problems, or often so-called 
wicked problems, tend to be complex challenges, and the organization of such DSR 
projects is also challenging. While various contributions to the DSR methodology exist, 
a core element is to decompose DSR into distinct tasks focusing on different aspects and 
requirements of design, comprising problem analysis, objectives definition, solutions 
design, solution demonstration and evaluation [36, 47, 57, 61], and each phase posing 
specific requirements and demanding particular proficiencies [27]. 

The fast development of AI technologies and their application in various domains, 
ranging from using AI-based tools to design and craft scenes and landscapes in video 
games [8] to AI support to create and improve complex microchip design [23], pro-
vides new opportunities for DSR. Conducting DSR projects includes many different 
design activities where AI has a great potential to support design science researchers 
and practitioners. For instance, in the problem exploration phase, AI can help researchers 
identify and extract design knowledge from existing research [17, 20]. Moreover, apply-
ing such methods facilitates design knowledge reuse, fosters knowledge accumulation, 
and supports scientific progress [49]. AI-supported tools have proven to be effective 
within the phases of requirement definition and the design and development of artifacts 
(e.g., through automated checking of requirements fulfillment [33] optimizing based on 
interface-related metrics [37] or design heuristics [16]). In the evaluation phase, AI-
powered tools have been utilized for software testing (e.g., as summarized in [66]) or 
freed researchers from performing repetitive tasks, such as coding qualitative interview 
results [12]. 

Applying AI in design processes can significantly speed up the design process and 
lead to remarkable design output. However, designers need to understand the capabilities 
and challenges of applying AI in design activities and adapt the way they do their 
design work [55]. For instance, researchers introduced the concept of delegation in AI-
based human-computer interactions [2]. Moreover, there is a gap in providing structured 
guidance for design science researchers leveraging AI in design activities along the DSR 
process. In summary, it can be said that AI adoption in DSR is still at an early stage, and 
given the fast technological development, DSR needs to revisit the potential use of AI 
for DSR constantly. For that purpose, we intend to provide a conceptual framework to 
conduct such an assessment. 

In this essay, we aim to investigate and explore the potential use of AI in DSR. 
To structure our investigation, we refer to the specific phases of a DSR process. We 
frame the broader discourse on how AI can be applied at each step of the DSR process 
and propose an exploratory framework that suggests various ways of applying AI in 
DSR. Furthermore, we illustrate the benefits and potential risks of leveraging AI in each 
process step and provide practical examples. The remainder of this paper is structured 
as follows. In the next section, we briefly account for the current state of research in 
DSR processes to establish a frame of reference. We then attend to AI-based design. 
Next, we integrate both fields by systematically discussing how to apply AI in each step 
of the DSR process. We give examples of contemporary tools, models, and algorithms, 
and, in the interest of dealing with fast technological development, we also abstract our 
findings further to get to types of AI solutions and affordances for DSR. We close with 
some concluding remarks.
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2 Research Background 

Our research is positioned at the interface of established DSR processes and tools and 
the rapidly developing field of AI-based design. Below, we provide a brief insight into 
both fields of design science research processes and tool support. 

2.1 DSR Process 

DSR enables the design of novel IS artifacts [28, 58] with different types of knowledge 
generation and contribution [24]. Researchers can use routine design to apply known 
solutions to known problems, use inventions to develop new solutions to new problems 
or follow an improvement approach to adapt mature solutions from another domain to 
create better solutions to known problems. In the field of IS, there exist many guidelines 
and reference processes that guide designers in conducting DSR projects. On the process 
level, for instance, Peffers et al. [47], Kuechler and Vaishnavi [36], Sein et al. [57], or 
Tuunanen et al. [61] provide guidance by proposing reference models describing the 
DSR process and its underlying activities for conducting DSR projects. On the tool 
level, tools such as BAUSTEIN [54], the DSR grid [7], or MyDesignProcess [6] provide 
support in structuring, organizing, and managing DSR projects. 

Following the proposed reference processes, typical DSR projects require complet-
ing the following phases: problem analysis, objective and requirement definition, design 
and development, demonstration, evaluation, and communication [36, 47, 57, 61]. Addi-
tionally, each phase demands sub-activities and tasks to be conducted by design science 
researchers. 

2.2 AI-Based Design 

The vast development of AI and AI-based applications offers new possibilities for sup-
porting design science researchers in conducting DSR projects. Especially generative 
AI’s capabilities have increased in recent years. Its applications can be found in many 
different domains and design tasks. For instance, game designers use AI as co-designers, 
supporting them in repetitive design activities, such as crafting large landscapes in open-
world games or designing realistic roads in rugged landscapes [56]. Another example 
of AI used in the design process is the field of microchip design. Chipmakers leverage 
AI to improve conceptual design, simulations, analysis, verification, and testing [23]. 
Generative AI, more specifically, large language models (LLM) and its applications, 
for instance, ChatGPT,1 Claude.ai,2 Gemini,3 Copilot,4 and many more, are advanced 
AI systems to understand, generate, and process human-like text. LLMs are large-scale 
generative models, typically powered by transformer architectures [62]. LLMs enable in-
context learning, allowing the model to perform new tasks [15]. To contextualize LLMs

1 https://chatgpt.com/. 
2 https://claude.ai/. 
3 https://gemini.google.com/. 
4 https://copilot.microsoft.com/. 
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for the use case at hand, LLMs can be fine-tuned and exhibit capabilities with zero-
shot [48], few-shot, and Chain-of-Thought (CoT) prompting [31]. These capabilities 
have great potential to support designers in conducting DSR tasks, such as formulating 
requirements, generating code, or supporting in writing (see [21, 35, 44, 53]). 

Franzoi et al. have presented research on applying LLMs to generate design knowl-
edge in the space of process management [18]. They introduced using generative AI 
to allow for representation-agnostic process knowledge organization. They report on 
a DSR project with a multinational company; they developed and evaluated a digital 
agent to import process knowledge from various formats, e.g., text, video, and audio, 
and, in turn, provide process knowledge in various formats, such as text, video, or audio. 
Another example can be found in the chip design domain. Researchers demonstrated the 
potential use of AI in the design process of hardware chips as a powerful tool to create 
new chip designs and reduce human workload [41]. 

The use of AI tools in design projects can produce astonishing design outcomes, 
but new capabilities are required to apply these tools successfully in design processes. 
Designers need to be able to manage AI tools and understand the often surprising behav-
iors and novel usage strategies of tools as they generate design artifacts [55]. The aim 
of this research is to provide systemic guidance on leveraging AI in DSR processes. 

3 An Exploratory Framework for AI-Based DSR 

Design science research aims to generate design knowledge for solving real-world prob-
lems [28]. This knowledge is generated during various phases of the design process, 
and different types of knowledge can be generated in DSR projects [3]. Typically, each 
DSR endeavor includes a problem analysis, defines design objectives or design require-
ments, implements the artifact, demonstrates and evaluates, and finally communicates 
the findings (see [36, 47, 61].). In each phase of the design process, researchers conduct 
sub-activities that contribute knowledge to the specific phase. In the following, we illus-
trate the potential use of AI in each phase of the DSR and provide selected examples 
derived from the literature. 

3.1 Problem Analysis 

The problem analysis phase intends to explore the domain, context, and stakeholders’ 
needs of the problem to get a profound understanding of the problem space [8]. AI 
offers significant potential to enhance research rigor and efficiency. AI technologies 
can support multiple aspects of problem exploration, particularly systematic literature 
analysis [65]. Especially through natural language processing, knowledge search and 
extraction can provide support in exploring the knowledge base [17]. Besides exploring 
scientific knowledge, AI may also be leveraged to perform automated reviews of existing 
software artifacts [22]. Additionally, AI can provide reading support, e.g., in the form 
of summary generation. 

Another approach during the problem exploration phase is applying qualitative inter-
views with experts or stakeholders [46]. Interviews are time-consuming and do not scale. 
Chatbots can interact in a structured manner with potential users or experts on a large
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scale [19, 26, 50]. Analyzing and interpreting the data, sentiment analysis, theme extrac-
tion, and comprehensive problem space mapping have a high potential to support the 
descriptive synthesis [65]. Moreover, AI can facilitate data pattern recognition and con-
text analysis, enabling researchers to identify and validate problems more effectively. 
However, most AI systems–especially deep learning systems–operate as backboxes, 
making it difficult for humans to interpret. It is crucial when using AI-based problem 
exploration that researchers need to preserve the ability to critically select, analyze, and 
interpret the sources [45]. Furthermore, conducting interviews with problem owners also 
contributes to building empathy in the problem analysis phase. Thus, we believe that the 
hybrid combination of human-based interviews with AI-based interviews represents a 
promising approach. 

3.2 Objectives and Requirements Definition 

In the objective and requirement definition phase, artificial intelligence offers the poten-
tial for generating explicit requirements from problem space descriptions. Generative AI 
techniques, particularly natural language processing, can systematically analyze com-
plex textual descriptions of problem domains to extract and formulate structured require-
ments [35, 40]. Apart from providing support in generating requirements, LLMs can also 
leverage support in requirement quality assurance by evaluating the requirements against 
predefined characteristics, such as completeness, feasibility, correctness, and many more 
[39]. Additionally, AI-driven approaches can help researchers uncover hidden depen-
dencies and potential conflicts that might be overlooked in traditional manual analysis 
[1]. 

The AI-generated requirements can serve as a robust foundation for subsequent 
design science research phases, enabling more systematic, comprehensive, and rigor-
ous artifact development by providing a clear, scientifically derived articulation of the 
problem space’s specific demands and constraints. By articulating requirements, the 
scoping of the problem space also takes place. This important and challenging task can 
be supported by AI, but the final decisions must remain in the hands of the designer. 

3.3 Design and Development 

During the design and development phase, AI has a huge potential to serve as a co-creator 
in design activities [59]. Although some recent work has focused on generating inter-
faces via image-based AI methods such as Stable Diffusion [68], LLMs are increasingly 
employed to support various design tasks. With LLMs, designers can easily search for 
interface examples using natural language and inspiring designs [32]. Additionally, AI 
can significantly enhance the prototyping process by rapidly generating multiple design 
variations based on specified requirements and user stories [33]. For example, AI can 
leverage historical user behavior data to recommend prototypes that align with estab-
lished usability heuristics while maintaining consistency with brand guidelines [16]. 
Tools like GPT-4 can understand natural language descriptions of desired interfaces 
and generate corresponding wireframes [5, 11], accelerating the iterative prototyping 
process. Moreover, AI can convert rough sketches or mockups into working code for 
a graphical interface [51]. Advanced generative AI models can understand context,
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user requirements and constraints [9], and accessibility guidelines to create responsive 
and inclusive interfaces. The AI can also suggest interactive elements, animations, and 
micro-interactions that enhance user experience while ensuring compliance with design 
systems and technical constraints. 

Code generation in the design and development phase of DSR has been revolutionized 
by AI technologies, particularly large language models. AI systems, such as GitHub 
Copilot,5 Amazon Q Developer,6 or Cursor,7 an AI code editor, can efficiently translate 
high-level requirements into functional code across multiple programming languages 
while automatically generating necessary boilerplate code, test cases, and documentation 
[42]. By analyzing patterns in existing codebases, AI can suggest optimizations, identify 
potential bugs, and assist with code refactoring to improve maintainability and increase 
code understandability [44]. Although human verification remains essential to ensure the 
generated code meets specific project requirements and security standards, AI-powered 
code generation significantly accelerates the development process. It enables researchers 
to prototype and implement their design artifacts more rapidly compared to manual 
coding [53]. This capability allows DSR practitioners to focus more on innovative aspects 
of their research while reducing time spent on routine coding tasks. 

3.4 Demonstration 

The demonstration phase aims to use and apply the designed artifact to solve one or more 
instances of the problem. This can be done in experimentation, simulation, case study, or 
other appropriate proof [47]. For user interface demonstrations, AI-generated content can 
be used as interactive innovations to augment processes and enhance design outcomes. 
Virtual showcases can be used to interact with products and asses design elements before 
the actual release [29]. Natural language-based AI has also been used to style artifacts for 
users during the artifact’s usage [30], offering personalization. Moreover, AI-based assis-
tance has the capability to transform artifact descriptions into comprehensive podcasts. 
Tools such as NotebookML8 learn from user-uploaded multimodal content and provide 
a comprehensive podcast, including virtual hosts discussing the provided material [14]. 
Generative AI, such as ChatGPT, also has the potential to analyze data collected in the 
demonstration phase. For instance, it can be applied in exploring qualitative data, having 
the power to disrupt the coding of data segments by generating descriptive themes [43]. 

3.5 Evaluation 

The evaluation phase is crucial in evaluating the designed artifact and the design the-
ory and ensuring the rigors of the research [63]. In this phase, AI offers sophisticated 
support for rigorous artifact assessment through advanced analytical capabilities. First, 
generative AI may be used to review and suggest improvements to evaluation designs. 
Furthermore, generative AI has great potential in simulating user data, creating realistic

5 https://github.com/features/copilot 
6 https://aws.amazon.com/q/developer/ 
7 https://www.cursor.com 
8 https://notebooklm.google.com/ 
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experiments, and making specific quantitative studies feasible or safer with synthetic 
data [52]. For example, generative AI allows the creation of artificial users that can 
interact with the software artifact and, on this basis, provide evaluation data. 

As another example, AI has been used to predict the perceived tappability of mobile 
UI components, guiding designers to improve interface understanding. Moreover, AI 
technologies enable comprehensive performance measurement by conducting automated 
usability testing and performing comparative analyses across multiple dimensions of 
design artifacts [4, 25]. Finally, large language models (LLMs) may support automated 
data analysis. 

Especially in adopting LLMs in the evaluation phase of DSR projects, researchers’ 
oversight remains critical to ensure contextual understanding and awareness of potential 
bias in the applied models [67]. Furthermore, a potential reproducibility risk of using 
LLMs as substitutes for human study participants and data analysis has recently been 
raised and discussed [34]. This issue becomes particularly critical if AI-based assistance 
inadvertently replaces authentic human input, for instance, when crowd-workers rely on 
AI despite clear instructions not to [64]. 

3.6 Communication 

A critical phase of the DSR process is the communication phase. Due to the complex 
nature of DSR projects, it can be challenging to report the results and communicate the 
important aspects of DSR projects [10, 24]. The advances of LLMs have enabled many 
capabilities supporting researchers in the communication phase. For instance, LLMs can 
support summarizing, paraphrasing, rewriting in certain tones, or idea generation and 
inspiration tasks [21]. 

Another potential application of AI in the communication phase is supporting 
researchers by reviewing and providing feedback on paper drafts. Recent research illus-
trates that the feedback of LLMs, in this case OpenAI’s GPT-4, is perceived as useful 
and beneficial, especially in the manuscript improvement process. However, there are 
also limitations, and LLMs struggle to provide feedback in certain aspects and often 
struggle to provide an in-depth critique, for example, feedback on the research method 
design [38]. 

The goal of this paper is to explore the potential use of AI along the above-described 
phases of a typical DSR project and open up the possible design space for designers 
to reuse and produce design knowledge using AI. Table 1 provides an overview of 
our exploratory framework, including a summary of the potential use of AI along the 
discussed DSR phases and activities. 

4 Discussion and Implications 

Following DSR reference processes, researchers need to conduct many different activi-
ties during the single phases of DSR projects [36, 47, 57, 61]. Managing and executing 
these activities can be challenging and requires different proficiencies [27]. The develop-
ment of AI and its applications have rapidly increased in the past decades. The capabilities 
and illustration of the results of AI-based tools are promising to support design science
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Table 1. Exploratory Framework: Overview of the potential use of AI along the DSR process. 

DSR Activity Potential AI Support 

Problem Analysis • Knowledge-based Search and Review
• Interview Bots: Data Collection & Analysis
• Reading Support Including Summary Generation 

Objectives and Requirements Definition • Generating Requirements Based on the Problem 
Space Description

• Supporting Requirement Quality Assurance 

Design & Development • UI Prototyping
• Generation of Code (Frontend and Backend) 

Demonstration • Generate Interactive Demonstrations
• Systematically Collect and Analyze 
Demonstration Data 

Evaluation • Perform Evaluation Design Reviews and Suggest 
Improvements

• Quantitative Evaluation with Artificial Users 
(Simulation)

• Data Analysis Support 

Communication • Writing Support
• Friendly Review Support 

researchers in conducting DSR activities. They can be beneficial for the design process 
and increase the output performance of the designed artifact [55]. 

The successful integration of AI in DSR depends critically on data quality, proper 
alignment with existing DSR methodologies, and maintaining the balance between auto-
mated support and human interpretation. AI-based augmentation of the problem explo-
ration phase has the potential to enhance the rigor and relevance of DSR outcomes while 
maintaining the essential human-centered approach that characterizes design science 
research. In the design and implementation phase, AI can serve as a co-designer, creat-
ing parts or event entire artifacts. LLM-based tools are capable of transferring text-based 
requirements into prototypical user interfaces or into functional code that can be exe-
cuted [33, 59]. Leveraging such tools can speed up the prototyping or development phase 
and allow exploring the solution space on a large scale by testing multiple solutions.
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However, there are also challenges in current AI-based tools applied in scien-
tific research, such as hallucinations, misapplications, unreasonable expectations, inter-
pretability, or bias issues [60]. Due to the black box characteristics of AI tools, these 
issues are difficult to identify. Critical reflection and thorough use of AI-generated output 
are needed when using such tools in scientific research [45]. Additionally, ethical issues 
need to be considered when applying AI in design processes that address both immediate 
and long-term societal impacts. As demonstrated by Dignum et al., the integration of eth-
ical considerations must occur at the architectural level rather than as a post-development 
consideration [13]. Recent studies emphasize that bias in AI design systems can perpet-
uate societal inequalities, particularly in generative design applications [69]. To address 
this, designers need to be aware of the following aspects: (1) algorithmic fairness, includ-
ing the detection of bias across multiple demographic dimensions through both super-
vised and unsupervised methods; (2) transparency mechanisms, which encompass the 
interpretability of results; and (3) the protection of privacy regarding the data provided 
to AI tools. 

In this paper, we propose an exploratory framework for supporting design science 
researchers in leveraging AI in DSR activities along the DSR process. We explore the 
potential of leveraging AI-based tools and their applications to support researchers or 
practitioners in conducting DSR projects. This study comes along with some limita-
tions. First, the proposed exploratory framework provides only suggestions based on 
existing research and practice of leveraging AI in design and lacks, therefore, the actual 
insights and needs of design science researchers. Future research could address this 
issue by conducting interviews or focus groups, collecting qualitative data, and deriving 
additional requirements from (experienced) design science researchers. Second, the pro-
posed framework does not contain a complete list of AI-based tool support available in 
the field. We illustrate, using a limited set of AI-based tools, the potential of leveraging 
these tools in a selected set of DSR activities. Some DSR projects might require dif-
ferent DSR activities where different AI tools might provide better support. Finally, the 
proposed framework is not evaluated. This is ongoing research, and as a next step, we 
plan to evaluate the framework. We will demonstrate the proposed framework to design 
science researchers with different backgrounds and different levels of experience and 
evaluate its usefulness in conducting DSR projects. Moreover, we hope our exploratory 
framework for leveraging AI in DSR will advance DSR projects and their outcomes. 
Future research can also rely on our findings and provide practical tools by instantiating 
the proposed framework and implementing tangible AI-based support for researchers 
and practitioners. 

5 Conclusion 

Scholars in the DSR field and beyond are excited about the possibilities of using AI 
to support various research tasks. In this paper, we have explored how AI can benefit 
the DSR process, outlining the opportunities for leveraging AI along the DSR process. 
The proposed exploratory framework illustrates the potential of applying AI in the single 
phases and activities of DSR projects. Moreover, we demonstrate the potential challenges 
and pitfalls in each phase. With this paper, we hope to stimulate a discussion about the
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benefits and risks of applying AI in DSR and, on this basis, to drive the topic forward in 
the DSR community. 

Disclosure of Interests. The authors have no competing interests to declare that are relevant to 
the content of this article. 
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Abstract. Action Design Research (ADR) explicitly promotes reflection and 
learning as an important stage for supporting other ADR stages (e.g., building, 
intervention, and evaluation). Yet, very few ADR studies demonstrate a clear 
trajectory for how to reflect and learn, what varieties of reflection and learning 
do exist, and if there are any methods for supporting the reflection process. In 
response to the possibility of further evolving the reflection and learning stage, 
for this paper, we explore how ADR can be used as a reflective practice for sense-
giving and sense-making of meaning. We do so by employing a phenomenological 
approach that serves an epistemology for a reflective practice together with con-
cepts for conceptualizing variances of meaning, sense-giving, and sense-making. 
The results of our work propose three phenomenological themes for engaging 
with ADR as a reflective practice: (1) Anticipatory Reflection and Learning, (2)  
Retrospective Reflection and Learning, and  (3)  Contemporaneous Reflection and 
Learning. Consequently, the themes’ utility is illustrated via two different ADR 
projects, and the implications of the themes for practice and theory are discussed as 
fruitful for future ADR, as well as Design Science Research (DSR), in Information 
Systems (IS). 

Keywords: Action Design Research · Reflective Practice · Phenomenology · 
Meaning · Sense-Making · Sense-Giving 

1 Introduction 

Action Design Research (ADR) is a research approach in the field of Information Systems 
(IS) that reflects and incorporates a combination of ideas from both Design Science 
Research (DSR) (e.g., [1, 2]), and Action Research (AR) (e.g., [3, 4]). ADR emphasizes 
the collaboration among researchers and industry partners to identify and solve specific 
problems in organizational settings through development of design knowledge (e.g., 
design principles) that stem from the building, intervention, and evaluation of ensemble 
artifacts (e.g., socio-technical systems, IT-artifacts) [5]. Since the introduction of ADR in 
2011 to the IS field in general, and the design science community in particular, the decade

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 
S. Chatterjee et al. (Eds.): DESRIST 2025, LNCS 15703, pp. 32–56, 2025. 
https://doi.org/10.1007/978-3-031-93976-1_3 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93976-1_3&domain=pdf
https://orcid.org/0000-0002-1202-9797
https://orcid.org/0000-0001-8130-2737
https://orcid.org/0000-0002-1600-4706
https://doi.org/10.1007/978-3-031-93976-1\sb {3}


Exploring Action Design Research as a Reflective Practice 33

of applying ADR demonstrates its acceptance and use across different areas of IS research 
[6]. Working accordingly to the ADR approach does also generate certain challenges for 
researchers who want to balance developing viable solutions for solving organizational 
problems, with knowledge that formalizes learning outcomes into generalizable outputs 
[7]. One particular challenge is about how to meaningfully engage with third stage of 
Reflection and Learning [8]. 

Engaging with reflection and learning in an ADR project is important because it 
helps the researcher to transit conceptually from building a solution for a particular 
instance to applying that learning to a broader class of problems. According to ([5], 
p. 44), being able to consciously reflect on the problem framing, the theories chosen 
for an ADR project, and the emerging ensemble artifact, is critical to ensure that con-
tributions to knowledge are identified. More specifically, ([5], p. 43) provide a set of 
tasks for an ADR researcher to facilitate reflection and learning: (1) reflect on the design 
and redesign during the project, (2) evaluate adherence to principles, and (3) analyze 
intervention results according to stated goals. Subsequently, the tasks are aligned with 
the principle of Guided Emergence, which emphasizes that the ensemble artifact will 
reflect not only the preliminary design created by an ADR team but also the ongoing 
shaping by organizational use, perspectives, and participants, as well as by outcomes 
of authentic and concurrent evaluation ([5], p. 44). Moreover, the principle emphasizes 
that the ADR team should be sensitive to signals that indicate an ongoing refinement of 
the ensemble artifact, which then feeds into formalized design principles. 

However, even though the ADR approach has been applied by a large group of IS 
researchers over a decade, extended and further developed by a modest amount of IS 
researchers (e.g., [9, 10]), and critiqued by some IS researchers (e.g., [11]), very lit-
tle—if any work—has been written about ADR and how to engage with reflection and 
learning throughout an ADR project. On the other hand, in other design research tradi-
tions that ADR draws inspiration from—e.g., Participatory Design (PD) [12]—design 
is considered as a reflective practice, which emphasizes Donald Schön’s [13] notions 
of “reflective activity”, “reflection-in-action”, and “knowing-in-action”. According to 
([13], p. 62), when a practitioner or researcher reflects in and on his practice, the possi-
ble objects of his reflection are as varied as the kinds of phenomena before him and the 
systems of knowing-in-practice that he brings to them. This reasoning has been proposed 
by [14] for improving knowledge generation in DSR, whereas other design researchers 
have advocated the importance of reflection and learning regarding (i) tacit norms and 
appreciations that underly a judgement, (ii) the strategies and theories implicit in the 
design process, (iii) the feeling for a situation that has leads to adopt a particular course 
of design action helps researchers to give sense to, and (iv) make sense of, meaning 
in design [15]. Hence, based on such ideas, for this paper we take the opportunity to 
explore the following research question: how can ADR be used as a reflective practice 
that engages scholars with sense-giving and sense-making of meaning? 

We approach the prompted research question via two ongoing ADR projects: one 
project that emphasizes reflection and learning of designing Immersive Virtual Real-
ity (IVR) training for meaningful learning of conflict management, and one project 
that centers on creating meaningful technologies to tackle environmental sustainability 
challenges, also emphasizing reflection and learning. The first author of this paper is the
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principal researcher of the first project, whereas the second and third authors are focusing 
on the second project. Together, we explore the formulated research question by high-
lighting insights from our own reflective practice and elucidate how we have engaged 
with the third ADR stage of reflection and learning. As a way of engaging with ADR as 
a reflective practice, we reflect upon the activities that we engaged with for sense-giving 
and sense-making of meaning in each project. But because the ADR method is “agnos-
tic” in the sense that it does not recommend any specific kinds of methods or theories for 
reflection and learning, we employed a phenomenological approach that allowed us to 
contemplate our lived experiences on how and why we experience ADR as a reflective 
practice. Phenomenology is nevertheless considered to be the underlying epistemology 
of a reflective practice [16, 17], where reflecting the lived experiences is a central task 
for understanding how a method, theory, or practice engages with sense-giving and 
sense-making of meaning [18]. 

Against this backdrop, this study engages with a phenomenological approach for 
understanding how ADR is used as a reflective practice within two different ADR 
projects. As a result, the study proposes a possible extension of the third ADR stage 
by introducing three overarching themes that explicate reflection and learning in ADR 
projects: (1) Anticipatory Reflection and Learning; (2)  Retrospective Reflection and 
Learning; and (3) Contemporaneous Reflection and Learning. This extension was then 
incorporated with a phenomenological approach on what “meaning” means, how mean-
ing structures emerge in a process of reflection and learning, and how ADR scholars 
can engage with sense-giving and sense-making of meaning across different abstraction 
levels. The main contribution of this paper is thus to help others in the design science 
community with guidance on how they can structure a narrative for thinking and writ-
ing about their reflection and learning processes, whereas a second contribution is to 
introduce a clear definition of “meaning” for the DSR community and demonstrate how 
sense-giving and sense-making of meaning makes the project experience not only “ef-
ficient”, “sufficient”, or “relevant”, but also “meaningful”. Finally, the study shows the 
viability of phenomenology as a form of meta-reflection that unveils how a process of 
reflection and learning becomes meaningful for IS researchers in the design science 
community. 

2 Reflection and Learning in Action Design Research 

ADR is, as far as we know, one of the few seminal variants of DSR methods that explic-
itly highlights a stage for reflection and learning, whereas other seminal DSR methods 
provide frameworks that highlight other aspects of a DSR project, such as: evaluation 
[19], framing and executing DSR projects with a focus on formulating problems, formu-
lating solutions, design and evaluation of IT-artifacts, demonstration and communication 
of DSR outputs [2, 20], positioning of DSR outputs [1], and theory development [21]. 
When employing ADR, scholars are encouraged to work in cycles by following four 
stages as depicted in Fig. 1. 

As  shown in Fig.  1, the ADR framework highlights reflection and learning as an 
integrated stage with the stages of problem formulation, and building, intervention, and 
evaluation (BIE). Most ADR projects seek to accompany cycles of BIE with reflection
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Fig. 1. Action Design Research: Stages and Principles [5] 

and learning. For example, ([8], p. 2) describe their ADR project as “[…] highly itera-
tive… where each iteration concludes with a consideration of the artifact… [that] acts as 
the impetus for thorough reflection and learning, which then feeds back into the problem 
formulation.” It is through reflection and learning that ADR scholars challenge “[…] 
‘organizational participants’ existing ideas and assumptions about the artifact’s specific 
use context in order to create and improve the design.” ([5], p. 42). This quality of ADR, 
highlighting the implications of reflection and learning, has subsequently been applied 
sufficiently in a wide array of research projects, and “[…] because of its ever-expanding 
applications, the ADR concepts and process model continue to grow and evolve to meet 
the demands of new and challenging environments.” ([10], p. 6). It is thus no surprise that 
ADR is a powerful method for design-oriented research in IS field, but why is reflection 
and learning important for the ADR project? In 1988, ([22], p. 8) argued that it was “[…] 
not sufficiently simply to have an experience in order to learn; without reflecting upon 
this experience, it may quickly be forgotten, or its learning potential lost. It is from the 
feelings and thoughts emerging from this reflection that generalizations or concepts can 
be generated.” After all, “[…] we learn from reflection on experience. Reliving of an 
experience leads to making connections between information and feelings produced by 
the experience.” ([23], p. 9). Moreover, “[…] reflection allows us to draw conclusions 
about our past experiences and develop new insights that we can apply to our future 
activities.” ([24], p. 11). The importance of reflection and learning as an intertwined unit 
of activities and experiences is, as can be seen from the shared citations so far, important 
for engaging with research as a reflective practice, something which [13, 25] intercon-
nects with experimentation where practitioners constantly interpret situations by means 
of problem setting and problem solving, a process which can lead to a reframing of the 
situation. 

In a similar way as Schön’s notion of a reflective practice, we can see examples 
of ADR projects where scholars have generated insights about problems and solution 
spaces as if they were conducting a reflective practice [26, 27], or projects that emphasize 
reflection for generating implications for theory and principles [28, 29]. Most notably 
of how an ADR scholar has systematically engaged with a reflection and learning, 
can be seen in [8]‘s study, where they provide vignettes for their process of reflection
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and learning based on [30]‘s “What? Model of Reflection”. The focus of [8]‘s study 
is, however, not solely on reflection and learning, nor on the potentials of exploring 
ADR as a reflective practice, but on the importance of the problem formulation stage 
in ADR, which interplays with the stage of reflection and learning. We acknowledge 
the importance of both [8]‘s and others’ important work on why further ADR scholars 
should engage with the problem formulation stage. However, for this study, we wish to 
explore further how ADR can be considered as a reflective practice that engages with a 
sense-giving and sense-making process of meaning, which requires a further look into 
what “meaning” is and how a meta-reflection can further unveil a deeper understanding 
about the ADR stage of reflection and learning. 

3 The Phenomenological Approach: Sense-Giving 
and Sense-Making of Meaning in a Reflective Practice 

In design research circles, scholars generally refer to Schön as the philosopher and edu-
cator who, through his proposal of the reflective-practice concept, offered an alternative 
to the symbolic information processing (SIP) approach defended by [31] in his  Sciences 
of the Artificial. In describing what a reflective practice is, Schön ([13], p. 54) has sug-
gested that phrases such as “thinking on your feet” and “keeping your wits about you” 
suggests not only that “we can think about doing something but that we can think about 
something while doing it”. In relation to characterizing a reflective practice, [13] intro-
duced other interrelated notions such as “reflection-in-action” and “knowing-in-action”, 
where the former notion is the reflective form of the latter notion [32]. It is Schön ([13], 
pp. 8–9)‘s assumption that “[…] competent practitioners usually know more than they 
can say. They exhibit a kind of knowing in practice, most of which is tacit… Indeed, 
practitioners themselves often reveal a capacity for reflection on their intuitive knowing 
in the midst of action and sometimes use this capacity to cope with the unique, uncer-
tain, and conflicted situations of practice.” In other words, the reflection that lies behind 
actions, are to be found in practice, which in itself, according to the phenomenologist 
Van Manen [17], requires a form of epistemology of reflection. It is Van Manen’s, as 
well as other scholars’ [33, 34], convincing idea that phenomenology provides a episte-
mological grounding of the reflective practice, something that [35] also addresses as a 
constitutive part of a phenomenology of practice. 

Phenomenology is known as arguably the first philosophy of consciousness founded 
by Edmund Husserl, and then later further developed by successors such as Martin 
Heidegger, Maurice Merleau-Ponty, Alfred Schütz, Dan Zahavi, and Max Van Manen. 
At its core, phenomenology provides a method for transcendental reflection that makes 
an effort to disclose the phenomena of the world as they appear in our lived experiences 
[18]. Phenomenology views the lived experience as a way of “being-in-the-world” of 
sense-giving and sense-making of meaning, where the “lived experience” is viewed from 
within the lifeworld, experiences and choices that a person has in each situation, and the 
knowledge that a person reflects in relation to a world of practices [36]. The lifeworld 
is in turn referred to as the world of immediate experiences common to all of us, not 
the private world of any individual, but rather the “self-evident”, “pre-scientific”, and 
“taken-for-granted” world that is the nexus between all people and is all that constitutes
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meaning in the social world [37]. These phenomenological ideas, as well as others, have 
been adopted by prior IS researchers to study artifacts [38], situated practices [39], the 
immersive virtual reality [40], embodiment [41], design research [42], and the cyberspace 
[43]. For this study, however, we want to emphasize how phenomenology can be used 
for sense-giving and sense-making of meaning. 

3.1 Variances of Meaning in Phenomenology 

The phenomenological inquiry helps a reflective practitioner to both (a) give-sense, and 
(b) make-sense, of meaning. In phenomenology, “meaning” is not reduced to semantics 
nor language per se—as it is in other traditions such as semiotics [44]. Moreover, the 
phenomenological view on meaning is also distinguished from psychological, socio-
logical, ethnographic, biographic, and social and human science disciplines. As such, 
phenomenological meaning is found in the lived experience which announces the intent 
to explore directly the variances of meaning through reflection [45]. Phenomenology in 
its original sense aims thus at retrospectively bringing to our awareness some experi-
ence we lived through to be able to reflect phenomenologically on the living meaning 
of this lived experience [46]. Subsequently, Table 1 provides a synthesized overview of 
variances on what meaning is in phenomenology. 

To approach meaning through phenomenology, is to reflect upon how a reflective 
practice can localize ‘horizons’ that open up for sense-giving and sense-making [54]; 
‘localize’ here means finding out the intentionality (e.g., the direction of) of the lived 
experience, whereas a ‘horizon’ signifies a background that, from the outset, presents 
itself as stable with a structured feeling of objectivity, whereas in reality, the horizon 
stands still until it is disrupted through phenomenological sense-giving and sense-making 
of meaning [35]. 

3.2 Phenomenological Approach for Sense-Giving and Sense-Making 

“Sense-giving” in phenomenology (also known as ‘Noesis’) refers to the process of 
developing means for familiarity, and is found through different types of sense-giving: 
narrational sense-giving that conceptualizes meaning structures in the lived experiences 
[18], expressional sense-giving that contextualizes meanings of things and experiences 
through cues, language, and relational content of events [45], and spatial sense-giving 
that attributes practical sense to meaning via codes, inscriptions, norms, and values in 
places/spaces. Sense-giving of meaning also happens on an intersubjective level through 
actions, signs, and expressions that take place between individuals, where one individ-
ual’s status in society might influence the variant(s) of meaning that attributes human 
actions, signs, and expressions [55]. Sense-giving is thus, in a similar way that Gioia & 
Chittipeddi ([56], p. 442) describe, concerned with the process of attempting to influence 
sense-making and meaning construction of others toward a definition of a reality. 

“Sense-making”, on the other hand, refers in phenomenology (also known as “Noe-
ma”) to the process of overcoming the subject-object split by encompassing a phe-
nomenological ontology, which focuses different types of sense-making: phenomenal
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Table 1. Categories of ‘Meaning’ in Phenomenology 

Variances of Meaning Description 

Meaning as Cultural Signs, Materials, and 
Symbols 

This category draws on Schütz’s [37] idea of  
meaning as cultural signs, materials, and 
symbols, which together, are pivotal for making 
a world seemingly intelligible. In turn, 
technology is a mediator of meaning in that 
space, where examples of such include how 
digital technologies mediate sense-giving of 
‘digital attitudes’ in digital experiences that 
occur through a taken-for-granted manner of 
sense-given meaning of avatars in virtual reality 
[47]. 

Meaning as Content of Intersubjective 
Expressions 

This category draws on Van Manen’s [36] idea  
of meaning as the content of expressions that 
emerge through actions, practices, and 
processes in the social world. Content refers to 
what is relatable to humans’ intersubjectivity 
and include expressions that are for instance 
brought forth through technology in relation to a 
practice. This can be agreement on a shared 
definition, which for instance can is seen in 
research on sense-giving of meaning through a 
technology-mediated perspective-taking and 
perspective-making [48]. 

Meaning as Structure of Focal Things This category draws on Heidegger’s [49] idea of  
meaning as something that emerges when 
encountering ‘focal things’. Focal things are 
defined as modern technologies that create a 
framework for a world in which relations and 
identities are formed [50]. This kind of 
‘en-framing’ (Ge-stell) makes it possible for 
humans to create and share meaning within the 
structure of the framework, through an 
encountering with technology instances, such as 
sense-making of meaningful practices [51]. 

Meaning as Gripping a Horizon of Relations This category draws on Merleau-Ponty’s [52] 
idea of meaning as an act of gripping a horizon 
of relations. Gripping can be actual or potential 
but is an active event that transcends a specific 
world’s perceived boundaries through 
chiasm/crossing of interworlds, such as when 
technology mediates co-extended spaces for 
sense-making of meaning [53].
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sense-making “de-worlds” ([57], p. 317) a particular situation by transcending mean-
ing structures from the outside [58]; detached-deliberate sense-making is cognitive-
discursive and it involves engaged abstraction that generates conceptual sense of re-
viewing meaning from an intersubjective perspective; involved-deliberate sense-making 
emerges when habitual behaviours of the natural attitude to the world (e.g., taken-for-
granted attitude to everyday life) is interrupted through a breakdown (e.g., an unexpected 
event) that leads to a contextual opening of meaning in action (e.g., what actions mean for 
that specific context); and immanent sense-making is implicated in individuals’ skillful 
enactment and performance of routine activities and is achieved by sensorially grasping 
the meaning of a situation [59].

Moreover, the phenomenological approach for sense-giving and sense-making of 
meaning departs from the mainstream view in organizational research, which focuses 
on episodic interruptions of organizational activities, forcing individuals to deliberately 
search for how to restore the interrupted activity [60]. Instead, the phenomenological 
view emphasizes a relation between types of sense-giving and sense-making along three 
levels: intersubjective level (e.g., individuals interact to synthesize new meaning so that a 
merged subject emerges; generic subjective level (e.g., individuals become substitutable 
in filling in roles and following scripts); and extrasubjective level (e.g., individuals enact 
taken-for-granted institutional meaning) [61]. It is along these levels that different types 
of sense-giving and sense-making takes place phenomenologically through sensibility 
(e.g., conceptual, contextual, practical, or spectatorial), embodiment (e.g., meaning that 
is given or made sense of via/through the body), and temporality (e.g., sense-giving and 
sense-making of meaning in and over time). 

4 Research Setting: Horizons for Phenomenological Examples 

A phenomenological reflection of sense-giving and sense-making can only be done 
from a first-person perspective and is characterized by both an “opens up” (also known 
as “Epoché”) and “closes down” (also known as “Reduction”) ([35], p. 822) that aims to 
reflect the phenomenological question: “What is this experience like?”. Consequently, in 
order to ask instances of that question, phenomenologists emphasize the importance of 
“examples”, or as when Casey ([62], pp. 23–37) refers to Husserl when he says that “[…] 
it is on the basis of examples, and of examples alone, that the phenomenologist is able to 
attain eidetic insights.” The “eidetic insights” refer here to the meaning structures that 
appear in the lived experience, where examples are experiential data of these insights that 
can be manifested as a study, investigation, probing, reflection, analysis, interrogation. 

Phenomenological examples are usually cast in the practical format of lived 
experience descriptions, such as: anecdotes, stories, narratives, vignettes, or concrete 
accounts—without being treated as “illustrations” nor as empirical “samples” of factual 
data ([35], pp. 256–260). The following section aims to show how we, for this study, 
use the “method of examples” in pursuing phenomenological questions and insights that 
help us explore ADR as a reflective practice, and to give-sense to, and makes-sense of, 
meaning in two different ADR projects. In this section, we outline the horizons and 
then present the questions and rationale we used for conducting our phenomenological 
reflection.
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4.1 Overview of the Horizons: ADR Projects 

In presenting the research setting of this study, we stay true to the phenomenological 
approach that is used for conducting a reflection on how ADR can be used as a reflective 
practice that engages scholars with sense-giving and sense-making of meaning. The 
“horizons” that we aim to disrupt are thus located in each authors’ ADR experiences, 
whereas the sense-giving and sense-making of meaning is something we will engage in 
through phenomenological questioning. The ADR projects are thus considered as the 
horizons for conducting a phenomenological questioning that demonstrates how ADR 
can be used as reflective practice. The projects are summarized in Table 2. 

Table 2. ADR Projects: A Summary 

ADR Project Short Summary Project Period & Conducted 
Cycles 

1. Designing Immersive 
Learning Environments for 
Training Conflict 
Management 

The aim of the project is to 
develop knowledge about how 
to design immersive learning 
environments in VR for 
preparing operators for conflict 
management onboard trains. 
An alpha prototype has been 
built in VR, and evaluated 
together with train operators as 
end-users. Subsequently, design 
knowledge has been developed 
and communicated in form of 
mid-range theories and design 
principles 

Mid 2023-Mid 2026 
2 ADR cycles 

2. Designing 
Blockchain-Based 
Multi-Sided Platform for 
Smart Distribution of Water 

The aim of the project is to 
develop knowledge about how 
to design blockchain-based 
multi-sided platforms for smart 
distribution of water that yields 
transparency, traceability, and 
resource equity for increased 
sustainability. Subsequently, 
design knowledge has been 
developed and communicated 
in form of design principles. 

Aug 2022–Feb 2024 
2 ADR cycles 

The first ADR project’s research setting consists of a shared world together with the 
partners SJ, Tenstar, and Hypr10; SJ is Sweden’s train operating company and is the main 
stakeholder of the project in need of the immersive learning environment (as described 
in Table 2), whereas Tenstar and Hypr10 are involved partners in form of companies that 
develop immersive learning environments in VR. The cycles of reflection and learning
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have so far been conducted as integrated with the BIE cycles of: (1) design thinking 
workshops for developing a conceptual model with user journeys and narratives that 
conceptualize training scenarios of preparing train operators for conflict management 
in VR; (2) an alpha prototype for one of the training themes in IVR that deals with 
managing conflicting ticketing scenarios onboard trains. The aim of the reflection and 
learning has thus been to reflect upon results from the BIE cycles and to generate early 
version of design principles, and to continuously reflect upon developed knowledge that 
ingrains the alpha prototype within the large ADR team. Examples of the BIE-outputs 
are shown in Fig. 2. 

Fig. 2. ADR Project 1: Alpha Prototype and Immersive Learning Environment in VR 

The second ADR project’s research setting consisted of partners Botanical Water 
Technologies (BWT) and Fujitsu. BWT, an Australian start-up, aimed to develop a 
blockchain-based platform for tracking and verifying the sustainable sourcing and dis-
tribution of water. Fujitsu Belgium was responsible for designing and developing this 
platform to meet BWT’s requirements. The primary objective of the blockchain plat-
form was to embed sustainability into every aspect of its design. The ADR process in this 
project also followed iterative cycles of BIE, with reflection and learning as a continuous 
and central activity in every step of the BIE process. The BIE cycles resulted in two des-
ignated interventions in which reflection and learning was stimulated with all workshop 
participants. During these interventions, the Benefits Dependency Network (BDN) was 
employed as a tool to facilitate reflection and learning, serving as a shared language. The 
outcomes from these interventions resulted in: (1) an ends-driven formalization of the 
BDN framework, that focuses on obtaining sustainable outcomes through designated 
means, and (2) an affordance-means-driven framework, focusing on the blockchain’s 
action potential and its emergent features. The trigger points for the interventions were 
initiated by mismatch between theoretical constructs and real-world observations, as the 
blockchain was both a tool and an enabler for sustainable decision making. This urged 
the researchers to reframe the project’s scope and theoretical foundations. Results from 
the ADR project are illustrated in Fig. 3. 

4.2 Phenomenological Questions 

In coming up with phenomenological questions for reflection, we incorporate the phe-
nomenological approach of giving-sense and making-sense of meaning from our ADR
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Fig. 3: ADR project 2: Affordance-based BDN 

projects. More specifically, the phenomenological approach underpins the prompting 
of questions with the aim of generating eidetic insights that helps us making an under-
standing about a reflective practice more accessible, concrete, or intelligible [35]. Phe-
nomenological questions are thus prompted to reflect on examples to express the vari-
ances of meaning, which are typically tacit until made knowable as a phenomenon in its 
singularity [36]. 

A “singularity” cannot be grasped through concepts because concepts are already 
generalized bits of language, and language universalizes. But phenomenological ques-
tions make the “singular” seen from within in retrospect ([63], p. 10), by focusing 
temporality of questions as: “What?” (a description of the phenomenon), “So What?” (a 
reflection about the phenomenon), and “Now What?” (eidetic insights following from 
understanding the phenomenon), all of which are contextualized within the experience 
from a particular setting (e.g., ADR project). 

“What” questions are in phenomenological questioning supplemented with “When” 
questions that reflects temporality of events and happenings [35], whereas “Why” ques-
tions are added to unveil why an event is singular and provides eidetic insights for express-
ing exemplary aspects of meaning of a phenomenon (e.g., aspects of why reflection and 
learning is integrated with the design process of an ADR project). For this study, we 
combined these categories of questions and prompted the following phenomenological 
questions: 

– What was it like reflecting and learning before, during, and after, in the ADR project? 
– What was it like engaging with the BIE cycles and reflection at the same time during 

the design process of the ADR project? 
– What was it like working with theory/theories for reflection and learning in the ADR 

project? 
– What was it like co-reflecting together with other members of the ADR team? 
– What was it like not reflecting and learning in the ADR project?
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– What was meaningful with the reflection and learning process of the ADR team? 
– When was it meaningful to reflect during the ADR project? 
– When did you not reflective and learn during the ADR project? 
– When did co-reflection occur during the ADR project? 
– When did the design activities help you reflect in the ADR project? 
– Why do you think that reflecting and learning was important for the formalization of 

learning outcomes in your ADR project? 
– Why do you think that reflection and learning needs to be integrated with the design 

process in your ADR project? 
– Why do you think that the design process helps the ADR researcher to reflect, and the 

ADR team to co-reflect together? 
– Why do you think that reflection and learning is meaningful for an ADR project? 

Together, the phenomenological questions above engaged the authors of this paper in a 
phenomenological reflection about the reflection and learning stage of each ADR project. 
The reflection and learning stage are focused because it is that specific stage that opens 
up for exploring eidetic insights that provide an understanding about how ADR can be 
used as a reflective practice. 

5 Phenomenological Themes for Engaging with Action Design 
Research as a Reflective Practice 

In this section, we present the eidetic insights from the phenomenological questioning in 
form of phenomenological themes (shown in Table 3) that depict examples of how ADR 
can be used as a reflective practice for engaging with sense-giving and sense-making of 
meaning. Providing eidetic insights via themes, is a common approach in phenomenol-
ogy of practice for helping scholars to recognize the meaningfulness of certain human 
experiences and events [45]. The phenomenological themes are, in other words, an inter-
mediate reflective tool for engaging other scholars and readers into reflections that induce 
them into a wondering engagement with certain phenomenological questions [35]. As 
such, the phenomenological themes opens up and closes down our eidetic insights about 
the reflection and learning cycles of each ADR project, which the authors flesh out via 
the themes in form of anecdotes, narratives, or vignettes. Subsequently, each theme con-
nects to the phenomenological approach for sense-giving and sense-making of meaning 
to demonstrate each authors’ concrete account of their reflective practice in the ADR 
projects. 

Each theme in Table 3 brings forth how the reflection and learning stage of ADR can 
be understood in relation to temporality as a phenomenological factor. We will now dis-
cuss each theme in union with our phenomenological approach that unveils the authors’ 
projects as examples of how ADR can be used as a reflective practice. Subsequently, 
quotes from each author will be provided to depict answers to the phenomenological 
questions. Here, we would like to emphasize that “Author 1” is working with the first 
depicted ADR project, whereas “Author 2” and “Author 3” are working with the second 
ADR project. Subsequently, “Author 2” is a junior researcher (doctoral student), whereas 
“Author 3” is a senior researcher, which also distinguishes their reflections from each 
other—e.g., the junior researcher’s retrospective reflection and learning was sometimes
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Table 3. Phenomenological Themes for Using ADR as a Reflective Practice 

Theme Description Sense-Giving 
Examples 

Sense-Making 
Examples 

Anticipatory 
Reflection and 
Learning 

Reflection and learning 
that concerns the 
future—e.g., future 
emerging events 
during BIE-cycles of 
an ADR project. 

Narrating meaning for 
affecting future 
stakeholder 
perspectives 
Contextualizing shared 
meaning creation for 
developing future 
emerging design 
principles 
Attributing meaning 
for influencing the 
selection of design 
methods 

Construction of 
meaning-making for 
future 
meta-requirements 
Envisioning of future 
design processes 
through intersubjective 
meaning 

Retrospective 
Reflection and 
Learning 

Reflection and learning 
that concerns past 
experiences of—e.g., 
past events that are 
reflected upon during 
the reflection and 
learning cycles of an 
ADR project 

Inscribing anecdotal 
meanings from past 
problem formulations 
Value-setting shared 
meaning from past 
formalized learning 
outcomes 
Weaving new cultural 
meaning from past 
encounters with 
shaping the ensemble 

Embodiment of 
meaning structures 
from past design of 
artifact 
Interpretation about the 
past structural meaning 
of intervention 

Contemporaneous 
Reflection and 
Learning 

Reflection and learning 
that concerns the “here 
and now”– e.g., a 
stop-and-think type of 
reflection about 
concurrent events of an 
ADR project 

Distributing situated 
meaning for present 
ensemble interventions 
Framing meaning 
structures for present 
decision makings 
Re-defining meaning 
expressions for 
transformation of 
present problem spaces 

Enacting 
intersubjective 
meaning-making from 
present breakdowns 
Re-viewing meaning 
of past problem spaces 
from present problem 
perspectives 

of anticipatory nature for the senior researcher because of their different levels of project 
experience. 

5.1 Anticipatory Reflection and Learning 

How reflective is the anticipatory moment where the ADR scholar is mostly engaged with 
giving sense to future ADR activities, and what is it like reflecting and learning before 
future ADR activities have been evoked and executed? These questions are overarching
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questions of the first theme. By means of concrete experiential examples, the eidetic 
insights of the authors are for this theme distinguished into three forms of anticipatory 
reflection and learning: (a) sense-giving the anticipation of something, (b)  sense-giving 
the anticipation with something and the passing of time belonging to it, and (c) sense-
making profound anticipations. We now apply the phenomenological approach of sense-
giving and sense-making, to explore how these forms of anticipatory reflection and 
learning can elaborate ADR as a reflective practice. 

For example, when the authors reflected upon “What” questions, eidetic insights 
about sense-giving and sense-making of meaning through anticipatory reflection and 
learning, were mostly related to first form. Here, the phenomenological reflection 
concerned examples about the “selection of design methods”, and “considerations of 
affecting the selection design methods and future stakeholder perspectives”: 

“What I remember is that the ADR team reflected early upon what design method 
to adopt for conducting the second ADR stage cyclically. This boiled down to 
anticipating what meaning we can attribute to the selection process by inferring 
from the competencies in members’ prior experiences of using design thinking.” 
(Author 1) 

“Early on in the first design cycle, we observed and reflected on the mismatch 
between our theoretical assumptions and what was observed. We understood early 
on that our sense-making was affected by predefined theoretical constructs that 
did not match reality. As such we reflected on alternative theoretical framings, to 
implement in our next intervention.” (Author 2) 

“We had a lot of conversations about how we could do design research in a context 
characterized by uncertainty in the problem space, as we were engaging with the 
fuzzy, badly understood, high-level notion of sustainability, and the solution space, 
with blockchain being an emergent technology. This notion of wickedness made us 
anticipate a highly iterative, emergent, even ‘surprising’ design process, where we 
would have to be ready to improvise or pivot method and use of theory.” (Author 
3) 

When reflecting upon “When” questions, the authors’ reflection exemplified insights that 
were mostly related to the second and third forms of anticipatory reflection and learning, 
with respect to reflections concerning examples about the “development of future design 
principles”, and “formulation of future meta-requirements”: 

“About less than 5 months through the project, we started thinking about what 
kind of design principles we need to develop, in what order of the project, and 
how to develop them to give sense to a class of problems. Now, we are anticipating 
to refine the principles in order for them to encapsulate newly developed design 
knowledge from new BIE cycles.” (Author 1) 

I understood early on in the project, that there was little stability throughout the 
project. As a young researcher, I’ve realized that making sense of the fuzziness of 
the process would be challenging and I needed to equip myself with the necessary
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tools to do so. To find some stability, I looked to the literature to help define the 
meta-requirements for our blockchain platform, seeking insights from how other 
projects in similar domains had approached this challenge. By reviewing these case 
studies, we were able to anticipate the kinds of principles that would guide our 
design process, particularly in ensuring that our platform could remain adaptable 
and sustainable.” (Author 2) 

“In wrapping our heads around the wicked design context we were engaging with, 
we spent time anticipating what meaning we could reasonably attribute to our 
design prescriptions. The notion of trying to cater to a desirable ‘propositional’ 
nature of design principles came out strong.” (Author 3) 

Finally, when reflecting upon “Why” questions, the authors’ reflection exemplified 
insights that were mostly related to the third form of anticipatory reflection and learning, 
with respect to reflections about “alteration of understanding future solution spaces”, 
and “envisioning future design processes”: 

“Some of the ADR members anticipated that we would shape our understand-
ing about future solution spaces via learning outcomes from the design thinking 
process. The anticipation was based on experiences from prior design research 
projects, and thus gave sense to define a solution space that allows us to be flexible 
and less chained to isolating views on how we perceive future variants of solution 
spaces in the project.” (Author 1) 

“What made the project so interesting for me was learning how the notion of 
“sustainability by design” is rather fuzzy. Finding a partner company that was 
willing to explore that with us gave us the confidence that it was more than just a 
‘fuzzy concept’.” (Author 2) 

“One of the reasons I wanted to do this project, was that it allowed us to reflect 
in practice about a common perception or pre-conception of a negative rela-
tion between blockchain implementations and sustainability. We, thus, antici-
pated adding meaning to ‘sustainability by design’ with a ‘controversial’ case 
of blockchain technology in point; also anticipating potential meaningful gener-
alization for similar perceptions related to other emergent technologies such as 
AI.” (Author 3) 

5.2 Retrospective Reflection and Learning 

How reflective is the retrospective moment where the ADR scholar is engaged with 
making sense of past ADR activities, and what is it like reflecting and learning after 
ADR activities have been executed when the ADR team is still engaged with anticipating 
the future? These questions are overarching questions of the second theme. By means 
of concrete experiential examples, the eidetic insights of the authors are for this theme 
understood in relation to two different forms of retrospective reflection and learning: 
(a) sense-making something from the past, and (b) sense-giving something emerging
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by sense-making something similar from the past. We now apply the phenomenological 
approach for sense-giving and sense-making, to explore how these forms of retrospective 
reflection and learning can elaborate ADR as a reflective practice. 

For example, when the authors reflected upon “What” and “When” questions, eide-
tic insights about sense-making of meaning through retrospective reflection and learn-
ing, were primarily related to first form. Here, the phenomenological reflection con-
cerned examples about the “embodiment of meaning structures”, “inscribing anecdotal 
meanings”, and “value-setting shared meaning from past formalized learning outcomes”: 

“During the second cycle, we worked with reflecting on how we can embody 
ideas, impulses, and insights from the past design process, to make sense of what 
makes the design activities meaningful for our own reflection and learning as 
researchers.” (Author 1) 

“In the second BIE cycle, we came to understand that our design activities were 
fundamentally a continuous process of sense-making. While our creative approach 
to the project appeared chaotic at times, it was, in fact, a deliberate and meaningful 
sequence of decisions shaped by deep reflective exercises throughout the process. 
This was mostly facilitated by the fact that the ADR research team consisted of a 
junior scholar, making sense of the environment, and a senior scholar providing 
guidance throughout the project, based on past experiences.” (Author 2) 

“In retrospect, the work on this project challenged our meaning of ADR as a 
design process progressing ‘in stages’, at least for this problem class. The sense 
of design process linearity implied in the notion of ‘stage’ did not reflect well the 
experience of an interconnected system of design activities, with reflection and 
learning continuously engaging with other activities.” (Author 3) 

When reflecting upon “Why” questions, the authors’ reflection exemplified insights 
that were primarily related to the second form, with respect to reflections concerning 
examples about “weaving new cultural meaning from past encounters with shaping the 
ensemble”, and “interpretation of past structural meanings of intervention”: 

“We can now, after 1 and a half year, see how our project has brought new cultural 
meaning to the stakeholders’ organizational practices by letting them encounter 
the shaping process of the ensemble artifact cyclically. This is similar to weaving 
dots into a thread that gets larger and longer over time, to a degree where others 
also start seeing what the process and outcome of the weaving means to their 
lifeworld.” (Author 1) 

“It was inspiring to see how our workshops on ‘sustainability by design’ had 
impact on the decision-making process of the company. From feedback with the 
company, we learned that they meaning of sustainability had changed over the 
course of the project. Mostly this was due to the fact that throughout the project 
I was making sense their operations and how I could match that with the notion 
of ‘sustainability’, triggering multiple questions, that (coincidentally) challenged 
the way they viewed the concept.” (Author 2)
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"Through this project of making sense of and giving sense to ‘sustainability by 
design’, the company has demonstrated that its commitment to sustainability goes 
beyond offering a sustainability product to the market. It extends to how they build 
and operate their business, making their claims of dedication to a sustainable 
world far more credible for internal and external stakeholders." (Author 3) 

5.3 Contemporaneous Reflection and Learning 

How reflective is the contemporaneous moment where the ADR scholar is engaged with 
giving sense to, and making sense of, on-going ADR activities? And what signifies 
this kind of reflection that takes place here and now, as opposed to in the past or for 
the future? These questions are overarching questions of the third and final theme. By 
means of concrete experiential examples, the eidetic insights of the authors are for this 
theme understood in relation to three different forms of contemporaneous reflection 
and learning: (a) sense-giving and sense-making something here and now, (b)  sense-
giving the seemingly urgent, and (c) sense-making from the past and future in order 
to understand the present. We now apply the phenomenological approach for sense-
giving and sense-making, to explore how these forms of contemporaneous reflection 
and learning can elaborate ADR as a reflective practice. 

For example, when the authors reflected upon “What” questions, eidetic insights 
about sense-making of meaning through contemporaneous reflection and learning, 
were primarily related to first and second forms. Here, the phenomenological reflec-
tion concerned examples about the “distribution of situated meaning”, and “enacting 
intersubjective meaning-making”: 

“Workshops with stakeholders that allow them to test a version of the prototype, 
reflect, and talk out loud about their reflections, have been useful for reflecting 
in the moment. Another technique we adopted was gamification-based roleplays 
in the physical room with stop-and-think points, which deliberately facilitated 
reflective moments during roleplay scenarios to understand the situated meaning 
of a virtual training scenario, played out in a non-virtual environment.” (Author 
1) 

“I think that making sense of the here and now is more difficult to fabricate, than 
it is to reflect upon the past or the future. The ‘here and now’ is spontaneous 
and emerges from in situ actions and interactions with each other. Giving sense 
to the here and now is also something that happens through enacting with the 
others’ reflection. There is a sense of co-reflection here that we [researchers and 
stakeholders] can engage with via something that triggers us to think about.” 
(Author 1) 

“Sense-making in the moment often revolved around navigating the ambiguity of 
sustainability and the diversity in perspectives. During stakeholder workshops, 
real-time adjustments to the BDN helped align these perspectives and connect 
meaning. These moments of reflection shaped immediate decisions and offered 
clarity in addressing emergent challenges providing guidance for the next cycles.” 
(Author 2)
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“During the workshops, we constantly experienced how rich yet challenging it 
was to engage in collective design with our diverse ADR team. For instance, some 
team members had little to no familiarity with the technology—the means—but 
were essential for representing the sustainability perspective—the ends—and vice 
versa. A critical skill we had to rely on a lot ‘in the moment’ was actively finding 
ways to connect meaning somewhere ‘in the middle.’ I remember that, rather 
early in the project, we used a drawing with ‘the ends’ on one side, ‘the means’ 
on the other, and a big question mark on the line connecting them, to signal the 
challenge.” (Author 3) 

When reflecting upon “When” questions, the authors’ reflection exemplified insights 
that were primarily related to the second form, with respect to reflections concerning 
examples about “framing meaning structures”, and “re-defining meaning expressions”: 

“The here-and-now, stop-and-think kind of reflection, helped us in the project to 
frame what we think is meaningful for the activity we are encountering. This kind 
of reflection is different from a retrospective one which is more of an exploration 
of embodied information from the past. The here-and-now reflection is more con-
frontative, urging the team to give sense to what is going on in the room” (Author 
1) 

During discussion with my supervisor, I was often challenged on my assumptions 
on how I tried to make sense of the observations from the workshops. I needed to 
rethink my I needed to rethink my interpretations and consider alternative perspec-
tives. This process of re-evaluation was crucial in refining my understanding of 
the meaning behind ‘sustainability’ and ‘blockchain’. By critically examining my 
initial assumptions and being open to different viewpoints, I was able to develop 
a more nuanced and comprehensive understanding of these complex concepts, 
guided by my supervisor. (Author 2) 

“I paid close attention to people’s body language during the meetings—the way 
they shared their ideas, spoke about their experiences, responded to questions, and 
expressed their opinions. These interactions revealed subtle signs of underlying 
issues with meaning. We needed to address them in the moment, not later, because 
we aimed to co-create meaning directly, with everyone in the room. This way, the 
meaning would be co-owned” (Author 3) 

Finally, when reflecting upon “Why” questions, the authors’ reflection exemplified 
insights that were related to the third form of contemporaneous reflection and learn-
ing, with respect to reflections about “re-viewing meaning of past problem spaces from 
present problem perspectives”: 

“After completing the project, we realized there was more to the story—partic-
ularly around the process itself and the role of constant reflection throughout. 
We realized there was an extra layer to our principles that focused on the itera-
tive, reflective nature of our work. This addition aims to inform future projects by 
emphasizing how ongoing reflection shaped our approach and decision-making,
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providing a reflective framework for managing uncertainty and complex challenges 
in future challenges.” (Author 2) 

“I guess what really made us decide to pivot to an affordances conceptualization of 
meaning on this ADR project was not an anticipatory or retrospective theoretical 
consideration, but rather a very tangible feeling of discomfort and difficulty with 
a live exercise of making sense of a capabilities-based conceptualization by the 
practitioners during one of the workshops.” (Author 3) 

6 Concluding Discussion 

This study explored the research question: how can ADR be used as a reflective practice 
that engages scholars with sense-giving and sense-making of meaning? The question 
was prompted due to the lack of extensive research nor insights on how the reflection and 
learning stage is facilitated in an ADR project [8], and thus the possibility of producing 
insights that can help ADR scholars facilitate the third ADR stage as reflective practice. 
As a result, the study employed a phenomenological approach inspired mainly by phe-
nomenologists such as Van Manen and Zahavi, but also others (e.g., [57, 58, 61]) that 
inspired this study to explore a phenomenological approach for sense-giving and sense-
making of meaning. Consequently, the study followed the phenomenological tradition of 
prompting questions that enable a self-reflective practice for generating eidetic insights 
that were presented as phenomenological themes for engaging with ADR as a reflec-
tive practice. In this section, we will discuss the themes’ implications for practice and 
theory by connecting them to Schön’s [13] notions of “reflective activity”, “reflection-
in-action”, and “knowing-in-action”. The discussion will also highlight the viability of 
phenomenology for centralizing a clear understanding of ‘meaning’, the variances of it, 
and why it is fruitful for IS researchers to engage with a self-reflexive practice about 
meaning in DSR (in this case, ADR). The section ends with outlining the limitations of 
this study and an outlook on future research. 

6.1 Implications for Practice 

Practicing ADR is typically guided by principles of ADR along with tasks for each 
ADR stage (see [5], pp. 40–44). At the same time, as indicated by ADR scholars (e.g., 
[8, 11]), not everyone who use ADR report how they have followed the principles or 
engaged with every task across the ADR stages. Nor is it completely obvious what kind 
of overarching principles that govern a successful ADR project, given the emerging 
nature of challenges and problems that an ADR scholar must learn how to navigate in a 
project [7]. It is against this background, that we discuss what implications of our study 
has for practicing ADR as a reflective practice. 

First, our study mainly contributes to elaborating how the third ADR stage of reflec-
tion and learning can be elaborated in relation to the phenomenological concept of 
temporality. An ADR project exists over a period that stretches from 2–4 years depend-
ing on the complexity of the project [5]. During this time, reflection and learning occurs 
as an integrated process, cyclically, through an interplay with BIE-activities that, to use
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the phenomenological terminology, “open up” and “close down” for a reflective practice; 
e.g., opens up through the need of reflecting the design and redesign during the project, 
and closes down after analyzing intervention results according to stated design goals. In 
other words, the reflective practice occurs if there is a reason for reflection and learning 
to occur (e.g., need for refining design goals, prototype improvement), and that reason 
generally emerges and is identified via cycles of BIE. The BIE cycles are thus important 
for giving the ADR scholar an impulse to reflect and learn continuously. It is in the con-
text of this on-going interplay that our work has implications for practicing reflection 
and learning over time as proposed by the phenomenological themes. For example, the 
themes provide ADR scholars a temporal structure to explain how they reflected upon 
their work, what reflections they did before a BIE cycle, after a milestone in a project, 
and in the moment of conducting a design process. Another example deals with the 
temporal nature of reflection, something that both Schön [66] and Van Manen [17] point 
out as inevitable for a reflective practice to happen. The phenomenological themes thus 
help ADR scholars to organize their reflection and learning stage accordingly to the three 
different aspects of temporality (anticipatory, retrospective, and contemporaneous). 

Second, our study contributes to the practice of ADR by demonstrating how ADR 
scholars can ask phenomenological questions to pursue a self-reflexive practice, which 
is similar as doing a reflection about the reflection and learning stage. The prompted 
questions of this study can be used as guidelines for how to formulate similar questions 
that address the “What”, “When”, and “Why” aspects of a self-reflexive practice. As 
advocated by Van Manen [35], only what is given or what gives itself in lived expe-
riences are proper phenomenological data for reflection and eidetic insights about the 
quality of the lived experience. The “lived” in turn is, here, referring to the experiences 
that carry the meaningfulness character of concrete, contextualized, and situated events 
in an ADR project, which triggered the necessity of thinking through reflection. The 
phenomenological gesture, which we proposed in this study, is thus to lift up and bring 
into focus with language any such raw moments of lived experiences, and help the ADR 
scholar to orient himself/herself to the lived meanings that arise in their experiences. It 
is this latter aspect that, as demonstrated in our study, phenomenological questions help 
an ADR scholar to conduct on a meta-level. 

Finally, our study contributes to practicing reflection and learning in ADR by empha-
sizing the notions of sense-giving and sense-making, both of which are central to both 
phenomenology [18] as well as studies in organizations theory (e.g., [58]). By pursuing 
in a reflective practice through ADR, the scholar can use the phenomenological approach 
demonstrated in this study to give sense to, and make sense of, his/her eidetic insights 
on what makes their learning outcomes meaningful, and how their sense-making gives 
sense to the formalization of learning outcomes (e.g., influencing the development of 
design principles by describing what makes them meaningful). 

6.2 Implications for Theory 

Promoting ADR as a reflective practice has implications for how to understand the poten-
tials of other DSR methods to emphasize the importance of reflection. Phenomenology



52 A. Haj-Bolouri et al.

can be used to guide DSR scholars in their reflective practice by centralizing the impor-
tance of “meaning” through a sense-giving and sense-making process. As such, the phe-
nomenological approach of this study demonstrates clear concepts and aspects of both 
sense-giving, sense-making, and embodiment of meaning variances, which together 
help other scholars to conceptualize the significance of their reflective practice. This 
contribution has implications for theory in a number of ways. 

First, our study contributes theoretically to the ADR method by extending the reflec-
tion and learning stage with three phenomenological themes, which unveil qualitative 
and temporal aspects of the stage to engage with. The contribution has, to some degree, 
similar implications as prior work that aimed to extend the ADR framework with both 
new and additional stages (e.g., [64]), or work that emphasized a particular component 
of the ADR framework (e.g., [9, 65]). Our proposed themes flesh out a nuanced way 
to theoretically understand the subtle aspects of reflection as an activity over time by 
providing specific concepts that enable the ADR scholar to practice reflection through 
sense-giving and sense-making of meaning. For instance, an anticipatory form of reflec-
tion can be done in relation to a typical DSR activity such as evaluation, where ex-ante 
evaluations emphasize the importance of identifying future evaluands (objects of eval-
uation) and techniques for evaluation [19]. Here, an anticipatory form of reflection can 
for example be used to conceptually entail the nature of ex-ante evaluations into sense-
giving of what makes the evaluation meaningful, or sense-making of how reflection 
in itself constitutes an important part of evaluating emerging design knowledge (e.g., 
design principles) prior to the actual design of prototypes. 

Second, the phenomenological approach in this study introduced the notion of 
“meaning” to the DSR community by unveiling the different phenomenological vari-
ances that can be useful for scholars that want to supplement the DSR notions “efficiency” 
and “sufficiency” with meaning. Doing so, one can for instance go beyond instrumental 
values of reflection and learning (e.g., causality of a reflected learning outcome and 
a refined design goal) to “[…] express the exemplary aspects of meaning of a phe-
nomenon.” ([35], p. 814). An aspect of meaning could in this case deal with concrete 
accounts of an experienced conflicting perspective between researchers and stakehold-
ers, or researchers themselves. As pointed out by [5], the ways of which an artifact is 
shaped cannot be done without friction and conflicts in the organizational use, perspec-
tives, and participants, especially if the project includes interventions. The meaning of 
the conflicts, how they hold a certain tension for making the singular intelligible, are 
aspects that the ADR scholar open up through a sense-giving and sense-making process. 
Implications of such process is for instance relevant for the guided emergence principle 
of ADR ([5], p. 44) as variances of meaning capture vital traits of describing culminat-
ing change that causes anticipated and unanticipated consequences—e.g., consequences 
that indicate how an ongoing refinement of design principles might be meaningful over 
time due to their significance for facilitating the design process as a reflective practice. 

Finally, our work has theoretical implications for understanding ADR as a reflective 
practice by incorporating phenomenological reasonings around Schön’s [13] notions of 
“reflective activity”, “reflection-in-action”, and “knowing-in-action”, all of which are 
relevant for the reflection and learning stage of ADR. For example, a reflective activity
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stretches across a temporality of reflection and can thus not be considered as an iso-
lated activity alone, especially because reflections might overlap as being anticipatory 
and retrospective (e.g., basing an anticipatory reflection on the reflection from the past). 
In phenomenological terms, the “intentionality” (direction) of a reflective activity is 
thus always in relation to time and space as influencing factors, whereas the content 
of the reflection might happen in action. As described by Van Manen ([45], p. 814), 
“[…] methodologically speaking, phenomenology does not rely on (numerical, coded or 
objectifying) data but rather on data as ‘phenomenological examples’”. A reflection-
in-action is thus a reflection on the examples that unveil meaning in-action through for 
instance sense-making, as was exemplified by the authors of this study when describ-
ing the third phenomenological theme of contemporaneous reflection and learning. A 
“stop-and-think” type of reflection also includes a mode of “knowing-in-action” as the 
reflective ADR practitioner have to be confronted with meanings of a lived experience 
that are not always rooted in a theoretical concept—e.g., evaluating adherence to design 
principles a-theoretically [8]. 

6.3 Limitations and Future Research 

The limitation of our study is that we have followed the phenomenological approach 
along with a set of formulated phenomenological questions to only three scholars from 
two ADR projects. For future research, we thus propose that both ADR and DSR scholars 
test to apply the phenomenological approach, together with the proposed themes for 
reflection and learning, to come up with a set of own original questions that help them 
to engage with a reflective practice that is based on sense-giving and sense-making of 
meaning. 
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Abstract. Design science research (DSR) creates novel artifacts to address real-
world challenges. Yet, DSR often overlooks explicit articulation of research 
projects’ underlying values and future visions. This gap hinders effective com-
munication, reduces design knowledge reusability, and may lead to questionable 
results. To address this issue, we shed light on the role of vision in DSR. We 
propose a vision cycle and exemplarily show its integration into Hevner’s (2007) 
three-cycle view by emphasizing the importance of clearly formulating, reflecting 
on, and communicating a DSR project’s vision, especially the direction in which 
solutions are explored. Drawing on vision communication literature, the vision 
cycle guides researchers to define overarching values, envision a preferred future, 
and outline a mission for realizing that vision. We contribute to the discussion on 
design knowledge communication by highlighting the importance of vision articu-
lation and reflection to address grand societal challenges, offering methodological 
guidance, and promoting transparency in DSR. 

Keywords: Design Science Research · Communication · Vision · Cycle 

1 Introduction 

Design science research (DSR) enables the creation of artifacts that solve practical prob-
lems while ensuring scientific rigor [1, 2]. An important phase in DSR is the communi-
cation of contributions to the outside world to enable further researchers to build on the 
acquired knowledge and to solve real-world problems [1, 2]. Although scholars stress 
the importance of DSR communication (ibid.), we have identified severe challenges 
relating to this and the contribution that DSR can provide for science and practice. 
We discovered these challenges during a DSR meta-study project that aimed at bring-
ing together design knowledge of different research groups engaged in solving similar 
real-world problems [3]. While we systematically analyzed and synthesized contribu-
tions of prior DSR projects, we observed contradictions in the communicated design 
knowledge. Although the creative approach of DSR may lead to diverse solutions [4], 
design principles (DPs) that contradict are neither applicable in practical contexts nor
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can they be built upon in further research. We found that the occurrence of contradic-
tory design knowledge shows that researchers often disagree on their picture of a future 
world. For example, in reviewing learning technology literature, we found DPs for pro-
moting learners’ autonomy (e.g., [5, 6]), while others advocate controlling students via 
learning analytics (e.g., [7, 8]). Although practitioners or researchers may agree on the 
one or the other worldview, we argue that the latter should be communicated because 
clear communication is vital for making DSR artifacts reusable [2]. Without an explicit 
objective, practitioners and researchers struggle to understand the intended benefits and 
underlying values, which reduces adoption. We consider this lack of communication a 
limitation of current research, as scholars should not only discuss how to achieve a goal 
but also which goal they pursue [9, 10]. Given that theorizing through design often leads 
to artifacts that are tied to specific conditions and serve dedicated low-range outcome 
variables, we consider it a drawback that it is rarely explained how gradual advances 
align with broader, for example, societal developments [9, 11]. Although this seems to 
be an inherent problem of (design) research that reduces the potential of design contri-
butions [12], we advocate for adopting a holistic perspective on DSR as a method for 
creating a better future [9]. We argue that DSR projects always need something like a 
vision of the future and better world that is supposed to be achieved via artifacts and 
corresponding design knowledge. A vision is an idealistic depiction of a future scenario 
that directs long-term impact and meaningful change [13]. 

In DSR, a focus on a vision is hardly pronounced [9]. Organizations in practice 
instead typically articulate their vision explicitly, plan 3–5 years ahead, and continuously 
review their vision [14, 15]. In this research-in-progress paper, we adapt this practice-
oriented perspective on visions to DSR. A vision should help researchers to articulate, 
continuously refine and communicate their view of a better world. Hence, we address 
a first research question (RQ1): How can we introduce a vision of a future world 
into DSR? As we strive for a first applicable showcase, we formulate a second research 
question (RQ2): How can we conceptualize a vision cycle that supplements Hevner’s [1] 
overall accepted three-cycle-concept of DSR to adopt, apply, and communicate research 
visions in DSR projects? In the following, we justify the need for a vision in DSR and 
share our insights concerning the relevance of a vision in different methodological DSR 
approaches. We then exemplary show for the three-cycle view of Hevner [1], how a 
vision can be anchored in a DSR project. We finish our paper with an example of a 
research project that brings the vision cycle into a researcher’s life. 

2 Research Background 

2.1 Visions in DSR 

DSR, as a key approach in information systems (IS) research, cannot be value-free [16]. 
While explanatory research in the natural sciences focuses on understanding how things 
are, design science is concerned with how things ought to be, meaning the development 
of artifacts to achieve specific goals [17]. DSR seeks prescriptive knowledge on how to 
design and implement artifacts to solve specific problems [18]. It is necessary in DSR to 
explicitly specify the goals of artifact development in scientific contributions [18]. Con-
cerning its goals, aims or problem solving, however, it is recently discussed that DRS
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should emphasize broader objectives and even visions for developing different types of 
design knowledge [16]. Given DSR’s openness to diverse theoretical and philosophical 
streams, personal values and worldviews inherently influence the design process [4] 
without being explicitly stated [19]. Apart from personal worldviews, researchers argue 
that great challenges of the IS field should be leading its research [20]. Also critically 
reflected IS visions, such as full virtualization, increasingly integrate IS discipline goals 
into broader economic and societal contexts [21]. Consequently, DSR is expected not 
only to focus on individual projects but also to serve as a “supermethodology” addressing 
global challenges [9]. This perspective is reinforced by conferences like WI2022, which 
addressed both “Grand Challenges for IS” and “IS for Grand Challenges”. Regarding 
visions, the perspective of “organizing visions” highlights the role of shared visions in 
legitimizing, diffusing, and applying IT innovations and supports the need for collective, 
cross-disciplinary future visions in IS research [22]. Here, visions that relate to a funda-
mental value system are already incorporated in value-sensitive design [23], that argues 
for embedding ethical considerations early in a value-based engineering process. Closer 
to the DSR paradigm, incorporating digital responsibility in IS research entails aligning 
the DSR process itself as well as the evaluation of artifacts with underlying values and 
asks for transparency in key decision-making during artifact creation process [10, 24]. 

While IS research step by step recognizes the need to consider vision, a systematic 
method for communicating vision in DSR remains absent. Guiding visions that most 
likely drive researchers and research groups, are neither systematically assessed for 
alignment with economic or societal future scenarios nor integrated into widely accepted 
guidelines for presenting research contributions. This omission not only raises challenges 
regarding their practical impact on organizations but also threatens the anchoring of 
design knowledge in a sustainable knowledge base, hindering its further development. To 
integrate the vision perspective in DSR, we acknowledge that multiple DSR frameworks 
exist (e.g., [19, 25, 26]). We focused on Hevner’s [1] three-cycle view, as its emphasis 
on balancing relevance with rigor makes it an ideal foundation for demonstrating how 
broader aspirations and values can inform each DSR project phase. 

2.2 Vision Communication in Practice 

Our conceptualization of vision’s role in DSR draws on literature about vision com-
munication in practice. The vision is based on the interplay of the vision statement, 
mission, and value system. Practitioners use the articulation of an overarching vision 
to set strategic directions and inspire change [14, 15]. These visions not only impact 
individual organizations but also provide a foundation for addressing grand societal 
challenges [10]. A vision is a forward-looking depiction of the desired long-term impact 
that aims for meaningful transformation [13]. Forming and implementing a shared vision 
is often challenging due to contrasting stakeholder interests, different worldviews and 
established processes [13, 14]. Hence, the vision’s enactment should be preceded by a 
systematic forming process (ibid.). Practitioners use vision statements to communicate 
this vision effectively, which they derive from core values [15, 27]. They clearly articu-
late the long-term goals of an endeavor. Underlying these statements are values, which 
are fundamental (ethical) guidelines that direct actions toward realizing the vision [13, 
28]. Values represent normative anchors for guiding action, while a vision translates
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them into a desired future scenario [13]. Closely linked to the vision is the mission. The  
mission describes specific strategies for transforming certain overarching (e.g., societal) 
phenomena and outlines how the vision will be achieved [13, 29]. 

3 Integration of a Vision in DSR Projects 

In the following, we first illustrate how the vision cycle can be integrated into different 
DSR frameworks and then demonstrate the integration for Hevner’s [1] model. 

3.1 Positioning the Vision Cycle in DSR Frameworks 

Yet, current DSR frameworks would benefit from a systematic way to articulate an 
overarching vision to guide project evolution (see Sect. 2.1). Hevner’s [1] widely cited 
three-cycle view organizes research into the relevance, rigor, and design cycles. Nonethe-
less, while each cycle may be influenced by underlying values, the framework does not 
explicitly incorporate a mechanism for continuously articulating and refining a project’s 
vision. An added “vision” cycle would systematically unify these existing cycles around 
a shared mission, ensuring that broader ambitions, ethical stance, and forward perspec-
tives inform design decisions. In such a configuration, the relevance cycle would not only 
address immediate, practice-based problems but also ensure that the externally derived 
vision aligns with the design intentions of the researcher. In the rigor cycle, only those 
established theories and strands of design knowledge that are coherent with the overall 
vision would be employed, ensuring that long-term aspirations guide theoretical contri-
butions. Moreover, because the design cycle inherently connects with both the relevance 
and rigor cycles, positioning the vision as an overarching layer over the design cycle 
reinforces the idea that ethical and societal considerations, as well as the researcher’s 
creative stance, should permeate the artifact development. 

Process models such as those proposed by Peffers et al. [25] and Kuechler & Vaish-
navi [30] outline iterative steps, from problem identification and motivation, to conclu-
sion or communication, but these models rarely translate their initial problem orientation 
into an explicit, value-based vision. They often treat grand challenges, such as sustain-
ability or digital responsibility, as implicit aspects of the problem statement, rather than 
as clearly articulated long-term visions that guide development. By integrating a unify-
ing vision, these models would anchor the entire design process in ethical and societal 
objectives, ensuring each step tangibly contributes to a future-oriented mission. Notably, 
although the Peffers et al. [25] model includes a dedicated communication phase, it does 
not explicitly integrate the underlying vision into this process. 

Similarly, the eDSR methodology [26] breaks complex projects into hierarchical 
echelons to manage intricacy, a strength that supports design knowledge accumulation. 
Nonetheless, a clear vision that transcends these echelons could unify short-term objec-
tives with ethical or societal goals, making the project’s evolution more transparent. 
The BAUSTEIN approach [19] includes a vision component (‘vision BAUSTEIN’) that 
mainly reflects the researcher’s personal creativity without a systematic method to contin-
uously capture, refine, and integrate an overarching vision. By extending this component
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into a sustained, guiding vision, BAUSTEIN could better align personal creativity with 
long-term impact and foster consistent decision-making across the project. 

According to vom Brocke et al. [2], design knowledge hinges on the relationship 
between problem and solution spaces, a dynamic interplay where each DSR project 
contributes to a broader, evolving body of knowledge. A vision cycle could make these 
relationships explicit by aligning each design decision with a unifying vision, addressing 
both immediate problems and long-term values. By incorporating a dedicated vision, 
researchers could continuously articulate long-term aspirations that explicitly bind the 
problem and solution spaces. This approach would ensure that each contribution is not 
only evaluated on its immediate projectability but also on how it advances a future vision. 
In doing so, the vision would contribute to transparency, guide iterative refinement, and 
foster ethically and socially aligned knowledge accumulation. 

In line with prior insights on vision articulation [9, 22], we argue that the absence 
of a clearly defined vision may hamper the ability to articulate overarching aspirations, 
track the evolution of goals, and communicate the foundational worldviews that underpin 
diverse design artifacts. By explicitly formulating such a vision and continuously refining 
it throughout the project lifecycle, existing frameworks could better unify disparate sub-
problems, align artifact designs with long-term ethical and societal objectives, and guide 
ongoing communication among stakeholders. This integration is not only applicable to 
Hevner’s [1] three-cycle view but also extendable to methodologies like eDSR [26] and 
BAUSTEIN [19], thereby enhancing transparency, future orientation, and consistency 
across diverse stakeholders in complex, multi-year projects. 

3.2 Exemplary Conceptualization of the Vision Cycle 

In the following, we first show exemplarily how the vision cycle can be integrated into 
Hevner’s [1] three-cycle view as an overarching DSR framework (see Fig. 1). 

Fig. 1. An extension of Hevner’s [1] three-cycle view through the vision cycle 

Since designers typically implement the design cycle with a process framework, we 
then draw on Kuechler and Vaishnavi’s [30] framework to illustrate how the vision cycle
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accompanies each of the steps of the design cycle. We position the vision cycle on top 
of the research framework. With this decision, we emphasize that researchers can guide 
their activities in the design cycle by the overall vision and can adapt the vision during 
or after artifact evaluations. By cutting across the design cycle, the vision cycle also 
integrates with both the relevance and rigor cycles (as detailed in Sect. 3.1). The vision 
cycle serves to clearly communicate and achieve the long-term impact on a societal 
phenomenon [27, 29]. We base the research activities in the vision cycle on literature 
on how practitioners communicate visions [13, 29] and have adapted them to the DSR 
context. These activities are routed into the core elements vision statement, values, and 
mission, which we will explain in more detail in the following. The vision cycle centers on 
the vision for a future world [27, 29]. A vision can be generalized or specific [13]. The 
researchers’ creativity shapes the vision, which is influenced by existing worldviews 
and broader research philosophies [4]. A vision statement expresses the vision. This 
statement is a concise formulation that emphasizes the vision’s long-term impact [13, 
29]. The vision statement aligns with fundamental values held by the researchers [31]. 
These values are both individually and ethically grounded [32]. It is crucial to ensure 
these values align with fundamental human values since new technologies can cause 
unexpected negative effects [10]. For learning technologies, the OECD highlights, for 
instance, that these values relate to positivity in learning, collaboration, or resilient 
and sustainable education [33]. The mission explains how the vision can be achieved. 
It describes the concrete activities to achieve the overarching goal [13]. The mission 
defines key steps, actions, and mechanisms to drive overarching societal change (ibid.). 
While the vision specifies “what” to achieve, the mission describes “how” to achieve 
something [29]. For learning technology, the mission could involve adopting specific 
innovations, such as transforming the education system through motivating pedagogical 
conversational agents (PCAs) like chatbots for student support. Figure 2 visualizes the 
relationship between vision, vision statement, values and mission. 

Fig. 2. Research activities in the vision cycle
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The figure also shows five phases of research activities in the vision cycle, which 
we explain in the following. The examples for the researchers’ value system, vision 
statement, and mission relate to our demonstration case which will be explained in more 
detail later. To apply the vision cycle, we suggest that researchers integrate a vision lens 
into each phase of the design cycle—using, for example, the process model proposed by 
Kuechler and Vaishnavi [30]—to steer the project’s direction. Figure 2 above exemplarily 
shows how the vision accompanies each of Kuechler & Vaishnavi’s [30] original DSR 
phases (awareness of problem, suggestion, development, evaluation, and conclusion) 
with phases of a vision cycle (impact of problem, vision suggestion, vision integration, 
vision evaluation, and vision reflection and communication). Following the iterative 
perspective on DSR [30], the vision cycle can involve circumscriptions, meaning that a 
formulated vision statement can be reviewed, refined, or modified throughout the process. 
Involving practitioners is advisable to ensure the vision addresses real-world needs. 
In the first phase (impact of problem), researchers prove if their suggested problem 
has a visionary impact. This step includes checking whether the problem described is 
based on fundamental values and if the problem pursues a vision that aligns with the 
one of the practice [9]. In the second phase (vision suggestion), scholars formulate a 
desired future scenario that directs the DSR project. This vision statement should align 
with their value system and mission [13, 29]. To ensure the vision adheres to ethical 
and societal principles, researchers can assess how their findings align with established 
frameworks like the “Universal Declaration of Human Rights”, ethical guidelines, or 
sustainability standards. This step also involves actively questioning which values one 
consciously rejects. These decisions influence which suggestion researchers choose in 
the design cycle (e.g., in the case of digital learning, whether they ground the artifact 
with theories of autonomy or control). The third phase (vision integration) aligns 
the development in the design cycle with the defined vision. For learning technologies, 
researchers could, for example, consider whether the instantiated mechanisms fulfill 
autonomy or control. This step ensures that the development activities align with the 
vision. The fourth phase (vision evaluation) aims to assess whether the results of the 
artifact evaluation in the design cycle contribute to the validation of the vision [31]. 
This decision involves justifying the evaluation strategy by referring to the vision (e.g., 
to consciously choose constructs that serve to test the vision). The fifth phase (vision 
reflection and communication) involves a final review and communication of the vision. 
This review captures lessons learned and provides an outlook for future iterations [34]. 
Researchers generate insights on how their overarching vision can be fulfilled or how 
it might need to be expanded or adjusted. For the reflection, possible methods include 
proving whether the outcome aligns with ethical guidelines, discussing the outcomes 
with stakeholders regarding the vision, and considering potential global changes of 
the examined designs. The reflection could also lead to the conclusion that, based on 
(potentially negative or undesirable) outcomes, researchers discover that their suggested 
solution does not fulfill the vision or is not in line with their value system. Overall, this 
approach helps link the long-term impact of a research idea with practical studies and 
adjust it in new research iterations.
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4 Demonstration of the Vision Cycle 

The use case centers on a dissertation project on “game-inspired PCAs”, which encom-
pass educational chatbots that apply gamification or serious games [35]. The research 
on game-inspired PCAs in different roles emerged in several design cycles, accompa-
nied by vision cycles. The research comprises seven projects, from the identification 
of target group’s challenges and research gaps to DP derivation, evaluation and synthe-
sis. Parallel to each design cycle, the author used the vision cycle to reflect on how the 
results contributed to the further development of the vision. Figure 3 shows an excerpt of 
the vision cycle application; the digital appendix details all seven projects: https://doi. 
org/10.6084/m9.figshare.28334984. In the following, we explain how the vision cycles 
informed the communication of the findings in this endeavor. 

Fig. 3. Excerpt: Vision cycle applied to a research endeavor on designing game-inspired PCAs 

The author started the research endeavor by addressing the problem of students’ 
low motivation in digital learning [6]. Based on this problem, the first project started 
with an initial statement, namely, “Envision a future where learners actively transform 
their education from a burden into an enjoyable, collaborative journey that fosters per-
sonal growth”. This decision was informed by an initial stakeholder workshop. Since the 
research is part of a broader project on PCAs, the mission was defined as deploying PCAs 
to support learners during this journey. The research focused on PCAs since technolog-
ical advances enable them to guide students individually, offering potentials for better 
equity and broadly accessible learning support [6]. Given that existing PCAs in practice 
do not sufficiently fulfill the overarching vision despite the potentials mentioned in litera-
ture (ibid.), the research investigated the connection of PCAs with game approaches. The 
author grounded the vision and mission in values deemed vital, specifically “positivity 
in learning, collaboration, as well as resilient and sustainable education”. These values 
align with current guidelines like the OECD guidelines on twenty-first-century skills 
[33]. The author chose „positivity in learning” to highlight that learning is seen as an 
engaging experience rather than a stressful and unmotivating activity. “Collaboration” 
was chosen to express the important role of social relatedness in learning [6]. “Resilient 
and sustainable education” highlights that the solution should not only contribute to

https://doi.org/10.6084/m9.figshare.28334984
https://doi.org/10.6084/m9.figshare.28334984
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motivating the individual, but also to creating a sustainable education system at all that 
is resilient to dynamic societal changes. To ensure an effective vision communication, the 
author limited the selection to values most relevant to the context. This reflection involved 
deliberately rejecting certain values, such as strict performance optimization and student 
control, which might reduce motivation. The first project deepened the understanding 
of target groups’ challenges. It provided insights into their issues such as motivation 
in self-regulated and social learning. Subsequent projects built on this foundation and 
adjusted the mission based on the research findings. For example, reflecting on the find-
ings from the first project, the author decided to focus on game approaches, as they are 
established for fostering motivation, which aligns with the value of positivity in learn-
ing [6, 35]. The literature review highlighted challenges, such as the lack of clarity on 
how game-inspired PCAs motivate self-regulated and collaborative learning in different 
contexts. The author evaluated game-inspired PCA artifacts in projects 3 to 6, including 
the contexts of self-regulated English education, collaborative business IS education, 
and creativity in entrepreneurship education. These projects validated whether the solu-
tions contributed to the vision and helped sharpen it. The artifact evaluations confirmed 
game-inspired PCAs’ effectiveness in fostering motivation as well as an enjoyable and 
collaborative learning journey. The studies also revealed boundary conditions, such as the 
dependence of vision fulfillment on cultural, individual, and learning-context-specific 
factors. For instance, Chinese learners had different expectations regarding the social 
role of a game-inspired PCA. Moreover, the results indicated that collaborative and com-
petitive game mechanics should be balanced, and learners exhibited varying preferences 
regarding autonomy. While these findings did not alter the vision, they provided new 
insights for the mission. Finally, a meta-study in project 7 synthesized insights from all 
projects and related literature and identified boundary conditions influencing the effec-
tiveness of game-inspired PCAs. This final project confirmed the vision’s adaptability 
to diverse educational contexts. Since game-inspired PCAs require contextual adapta-
tion, the mission evolved across projects as follows: “Combining competitive, game 
approaches with collaborative learning through PCAs, while promoting self-regulated 
learning and group learning, and choosing the right design depending on the context”. 

5 Conclusion and Outlook 

Regarding our contribution, we address RQ1 by emphasizing the need to explicitly for-
mulate and reflect on visions in DSR projects and address RQ2 by demonstrating how 
integrating the vision cycle with Hevner’s [1] three-cycle view links individual artifacts 
to their broader impact. Articulating vision is crucial to highlight the impact of IS for 
a responsible future world grounded in core human values (which is often not clear in 
times of dynamic change). Incorporating a vision enhances transferability and the fur-
ther development of DSR contributions. By explicitly documenting visions, subsequent 
researchers can quickly assess synergies or divergences in values and goals. We also 
provide methodological guidance for the vision cycle, which suits both individual paper 
projects and entire research pipelines, such as dissertations, where perspectives may 
evolve over time. Moreover, we respond to the DSR community’s call for greater trans-
parency [24] by presenting the vision cycle as a means to clearly document changes in
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research visions. We acknowledge the limitations of our ongoing research. In our exem-
plary case, the overarching vision was considered from the outset but documented only 
near the end, indicating that additional guidance is needed for developing visions from 
scratch. While this paper primarily focuses on articulating the role of vision in DSR and 
offers only initial suggestions for its integration, future work will refine the vision cycle 
in collaboration with other DSR scholars (e.g., through workshops that systematically 
capture and reflect on potential visions in IS research). We will also explore methods 
to rigorously test visions and substantiate the relationship between the vision cycle and 
the rigor and relevance cycles (e.g., checklists to assess the fit between research visions 
and overarching philosophies). Finally, we intend to investigate how stakeholders can 
be integrated into the vision cycle. 
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Abstract. Design Science Research (DSR) holds substantial promise for 
entrepreneurship by aiming to advance knowledge through innovative problem-
solving approaches grounded in methodologically rigorous frameworks. While 
substantial progress has been made in advancing analytical and evaluative meth-
ods in DSR, there remains a lack of structured guidance on how to systematically 
integrate creativity into the design science process. This gap is particularly critical 
for entrepreneurship, where innovation and adaptability are essential for solving 
challenges unique to specific contexts. This study proposes a typology of cre-
ativity strategies, outlining six distinct approaches to creativity. We draw on the 
componential theory of creativity to ground these strategies in a theoretical frame-
work. We demonstrate the applicability of the strategies across the main activi-
ties of DSR providing guidance for deploying creativity methods in DSR. This 
study contributes by advancing the methodical repertoire of creativity methods in 
entrepreneurship. 

Keywords: Design science research · Creativity · Entrepreneurship 

1 Introduction 

Design Science [DS] scholars can leverage a matured methodological repertoire for 
facilitating rigorous DS [1–6]. By methodological repertoire, we refer to any procedures 
related to analyzing [problems], creating artifacts, and subsequently evaluating their 
usefulness. Advances have been made in the area of analytical methods [1–3] and eval-
uative methods [4–6]. Overall, the DSR community significantly advanced in offering 
both analytical and evaluative guidance. 

However, despite these important contributions, what remains underdeveloped is 
a methodological creativity repertoire [7]. By methodological creativity repertoire, we 
refer to explicit guidance, methods, or knowledge to utilize and enhance creativity in 
DSR. Creativity, defined as producing novel and fitting solutions [8], translatable to a 
process of producing new, original, human-caused novelties through deliberate actions
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[9], is central to innovative problem solving. The latter is central to the design phase and 
relies on creativity, which in turn complements rigor [10, 11]. Furthermore, creativity 
addresses ambiguity and uncertainty in DSR, which can be helpful during the phase 
of framing the problem or solution space to be solved [10]. Overall, creativity has an 
essential role within DSR in enhancing the theoretical soundness [12] and practical 
applicability of research outcomes [13]. Yet, despite its critical relevance - especially 
to DSR in entrepreneurship, specific creativity guidance remains scarce, unlike in other 
disciplines such as Management [14]. 

As Dimov et al. [15] argue, entrepreneurship inherently embraces creativity and 
disruption, posing unique challenges for design science [15]. This highlights the crit-
ical need for a methodological repertoire that provides sound, theoretically grounded 
tools to effectively leverage creativity—an essential element in entrepreneurship [16, 
17]—within the context of design science research. As main contribution, the outlined 
strategies intend to provide tools to address practical challenges, foster innovation and 
design impactful solutions. These goals align with entrepreneurship and DSR: emphasiz-
ing actionable frameworks and artifacts that bridge theory and practice to solve complex, 
real-world problems [17, 18]. 

The purpose of this article is to provide concrete methodical guidance in the form of 
a typology for using creativity methods in DSR. We introduce Teresa Amabile’s seminal 
creativity theory to the DS discourse. Amabile’s componential theory [8] details the 
creativity process and its internal and external components. Building on these insights, we 
define distinct creativity strategies, characterized by a common core mechanism [19], the 
degree of structuredness, established creativity methods, connected to creativity theory 
[8, 20] as well as an evaluation of strengths and weaknesses [21, 22]. We demonstrate the 
applicability of these strategies across the DSR phases [18] using an entrepreneurship-
focused example. 

This article has three contributions. First, it shifts the focus from evaluative (e.g., [15, 
23]) and analytical (e.g., [4, 6, 24]) methods to developing a creativity repertoire. Second, 
we provide specific guidance for scholars in choosing, utilizing, and evaluating relevant 
creativity methods. This manifests by our suggestion of a novel and comprehensive 
typology of creativity strategies, supported by the demonstration of applicability. Third, 
this study contributes to reconciling the often-discussed rigor and creativity dichotomy 
[10]. While rigor is often associated with evaluative methods, rigor refers to the “adher-
ence to state-of-the- art-rules” ([18], p. 9). Thus, creativity methods need to be performed 
rigorously, leading us to the title of our paper. 

2 Componential Theory of Creativity 

To enable the theorization necessary for the development of creativity strategies, we 
draw on Amabile’s Componentional Theory of Creativity (CToC) [8]. Understanding 
CToC’s components is crucial for unlocking creativity and advancing diverse domains. 
CToC explicates the creative process and its influencing components [8]. CToC’s com-
ponents act within or outside the individual: domain-relevant skills, intrinsic motivation, 
creativity-relevant processes are the internal components, whereas the social environ-
ment acts externally. We find CToC especially well-suited for practical guidance in DSR
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contexts: it clarifies creativity’s essential building blocks [8], whereas other theories 
emphasize cognition or broader theoretical or cognitive approaches [25–27]. 

Amabile’s model identifies the social environment—including factors like motiva-
tion, resources, and management—as an external creativity influence [28]. The social 
environment influences creativity by stimulating or obstructing intrinsic motivation 
through extrinsic factors, such as collaborative teams, supportive leadership, and freedom 
in task execution. Social networks, especially weak ties, provide diverse perspectives that 
foster problem-solving and enhance creativity [29]. Team creativity surpasses the sum 
of individual creativity, emerging through group interactions [30, 31]. Both composition 
[32, 33] and leadership [34, 35] shape external conditions, enabling autonomy, resource 
management, and effective collaboration to foster synergy. Over time, aggregated efforts 
amplify creativity [30, 36]. 

Amabile’s componential theory of creativity identifies three key internal compo-
nents influencing the creativity process: domain-relevant skills, intrinsic task motiva-
tion, and creativity-relevant processes [8]. Domain-relevant skills are defined as skills 
that “include knowledge, expertise, technical skills, intelligence, and talent in the partic-
ular domain where the problem solver is working - such as product design or electrical 
engineering.” ([37], p. 135). These skills are critical for enabling creativity, as they 
provide the raw ingredients for problem-solving and have been empirically linked to 
creative outcomes [38, 39]. 

Intrinsic task motivation is defined as “passion: the motivation to undertake a task or 
solve a problem because it is interesting, involving…or satisfying - rather than under-
taking it out of the extrinsic motivation arising from contracted-for rewards, …, or 
requirements to do something in a certain way.” ([37], p. 135). According to Amabile, 
this intrinsic drive lies at the core of creativity, as individuals are most creative when 
personally engaged [37]. However, it can be complemented by synergistic extrinsic 
motivators, such as inspirational leadership, which has been shown to enhance creativity 
through team identification [31, 40]. 

Creativity-relevant processes involve “include a cognitive style and personality char-
acteristics that are conducive to independence, risk-taking, and taking new perspectives 
on problems, as well as a disciplined work style and skills in generating ideas.” ([37], 
p. 135). These processes empower problem solvers to explore unconventional solutions 
iteratively while resisting conformity [31]. 

3 Towards a Typology of Creativity Strategies 

To provide structured guidance to DSR scholars on leveraging creativity [37], we intro-
duce a coherent typology of creativity strategies (see Table 1). By creativity strategies, 
we refer to strategic groupings of creativity techniques, organized by shared mech-
anisms, commonalities from theoretical underpinnings, and application characteris-
tics. This coherent typology offers DS researchers orientation on how to purposefully 
select and apply creativity-enhancing approaches across the different phases of a DSR 
project—such as problem framing, cause analysis, and artifact design. 

The underlying structure of the typology is threefold. First, each strategy is defined 
by a core creativity mechanism, representing the process that drives change, aligned
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with Bunge’s understanding of mechanisms as “how something ticks” [19]. This links 
each strategy to a distinct logic of how creativity is enacted.

Second, we to offer practitioners guidance on when to use which strategy, we evaluate 
the strategies based on their degree of structuredness. We define structuredness as the 
extent to which a creativity strategy utilizes predefined processes and guidelines to 
address a problem, balancing flexibility with established methods. The utility of this 
measure lies in understanding when to use which strategy. Strategies with a higher 
degree of structuredness are helpful in situations that are well-defined and benefit from 
systematic approaches. In contrast, a lower degree of structuredness is helpful in open-
ended situations that demand flexibility and exploration. Each strategy is exemplified by 
three illustrative methods, whose effectiveness in enhancing creativity is demonstrated 
through the provided example papers. 

Third, as seen in rows 4 and 5, we elaborate how these strategies are informed by 
creativity theory. We evaluate which component of CToC has the largest role in enabling 
success for the strategy [37]. Furthermore, we categorize each strategy along the type 
of creativity enabled: combinational, explorational, or transformational [20]. Last, in 
row five of Table 1, we offer an assessment of the strengths and weaknesses of each 
creativity strategy. With broad reference to the works of Thorngate [21] and Weick [22], 
we evaluate the strategies based on their accuracy of use, the simplicity of deployment, 
and the generality of applicability. 

3.1 Guided Strategy 

The core mechanism of the guided strategy is systematizing. Systematizing is representa-
tive as the respective creativity methods provide a structured set of instructions and guide-
lines for a process that systematically approaches and aims to resolve well-structured 
problems. Systematizing acts here as a mechanism by affecting change through leading 
the creative process through an orderly progression to enable organized ideation. Meth-
ods like Six Thinking Hats, morphological box, and TRIZ - all with a structured set of 
instructions - exemplify this strategy and have been shown to boost creativity [41–43]. 
Consequently, the guided strategy has a high degree of structuredness. 

The guided strategy is primarily informed by creativity-relevant processes [37]. The 
guided strategy primarily relies on creativity-relevant processes [37], including disci-
plined work styles and systematic exploration. It deploys transformational creativity, 
which encompasses the alteration of fundamental dimensions or parameters of a prob-
lem space. It aims to generate entirely new structures and previously inconceivable ideas 
[20]. The transformational aspect can be exemplified by viewing the creativity method 
six thinking hats. It shifts perspectives to transform how researchers view problems, lead-
ing to novel insights. We evaluate the guided strategy as high on accuracy and simplicity 
but moderately lower on generality. 

Grounded in the works of Thorngate [21] and Weick [22], we define accuracy, gen-
erality, and simplicity as follows. Accuracy is dependent on how precisely a strategy 
manages to address the specifics of a creative problem or design at hand. Simplicity 
refers to the ease of understanding and implementation of the strategy. It considers the 
number of involved elements, relationships, or special knowledge required. Generality 
refers to the breadth of applicability of the strategy across distinct types of problems
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or situations [21, 22]. The creativity methods of this strategy are high in accuracy, as 
they are designed to examine a specific problem or situation closely. These methods are 
versatile regarding their application area. However, their generality is relatively lower, 
as they need to be tailored to the specific type of problem or designed artifact. We argue 
for a high score on simplicity due to the inherent nature of having clear and structured 
instructions. However, the simplicity depends on the specific context and the familiarity 
with the method. 

3.2 Exploratory Strategy 

Central to the exploratory strategy is the mechanism of envisioning. It facilitates imag-
ining diverse possibilities through creativity methods like thought experiments, scenario 
planning, and pre-mortem analysis. Previous research either listed these methods as 
tools for creativity or demonstrated a positive impact on creativity [44–46]. This mech-
anism leads to change by encouraging practitioners to explore and evaluate potential 
outcomes before they occur, shaping the analysis, problem space, solution space and 
design choices. As the strategy requires a specific topic to explore, and the methods are 
based on clear instructions, the level of structuredness is high. 

The strategy is strongly informed by creativity-relevant processes [37], requiring new 
perspectives, and enabling researchers to systematically envision innovative scenarios. 
When deploying the exploratory strategy, the type of creativity leveraged is explorational. 
Explorational creativity is defined as the process of generating novel and unexpected 
ideas by thoroughly exploring and experimenting within a conceptual space [20]. This 
is innately given through the nature of how the creativity methods of the exploratory 
strategy intend to work. 

Exploratory strategy scores high on generality [21, 22]. The creativity methods are 
designed to enable the exploration of a broad range of scenarios. They are not limited to 
specific artifact types or problem areas. Thus, they are applicable across a wide section 
of research-related evaluative instances. Simplicity and accuracy scores are relatively 
lower [21, 22]. Envisioning future possibilities inherently negates the ability to have an 
accurate view. As for simplicity, the scoring is shaped by the specifics of the designed 
artifact to be evaluated. Depending on the artifact, the researcher may be confronted with 
the requirement of a deep and nuanced understanding of multiple variables interacting 
with the artifact in hypothetical scenarios. 

3.3 Facilitated Ideation Strategy 

The core mechanism - enabling - of facilitated ideation strategy (FIS) is representative 
of how creativity methods such as Brain-, Group-, or Gamestorming, Brainwriting and 
nominal group technique (NGT) function. Various researchers across disciplines have 
shown the positive impact of these methods on creativity both conceptually and empir-
ically [47–49]. Enabling as a mechanism, fosters change by creating an environment 
conducive to the free flow of ideation, removing psychological or procedural barriers 
that hinder creativity. It offers structured guidance for a targeted ideation process, bal-
ancing creative freedom with structure for individuals or groups. Though these methods
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suggest high structuredness, the strategy allows flexibility, resulting in a medium degree 
of structuredness. 

FIS is primarily informed by domain-relevant skills [37], as participants’ knowledge, 
expertise and skills are necessary to ensure ideation. The FIS utilizes both explorational 
and combinational creativity. The creativity demonstrated via a groupstorming session 
is explorational as it allows the team members to explore structured conceptual areas 
within their domains of expertise. However, it involved combining elements that were 
familiar, at least to the respective expert of the field. Thus, it can be argued that it is also 
combinational, which is defined as the novel combination of familiar concepts, often 
through structural mapping, to generate unique and insightful ideas [20]. 

As the associated creativity methods are versatile and can be applied across broad 
problems and groups, FIS scores high on generality [21, 22]. It scores lower yet mod-
erately high on accuracy [21, 22]. The inherent focus on ideation within a structured 
process can lead to relevant and specific ideas. The accuracy can be impacted by the 
specifics of the group dynamic as it may introduce variability or bias. The basic concepts 
of these creativity methods are easy to execute, yet the facilitation of the process may 
require experience, skill, or specific knowledge. Thus, the simplicity score is lower [21, 
22]. 

3.4 Visualization Strategy 

Regarding the visualization strategy, the core mechanism is mapping. Mapping effec-
tively represents the visualization strategy as it deploys creativity methods such as con-
ceptual diagrams, mind mapping, and storyboards. A range of publications support the 
notion that these creativity methods are intricately linked to an increase in creativity or 
used in creative-related activities [50–52]. The mechanism fosters clarity by organiz-
ing and visualizing ideas or complex relationships, enhancing understanding. Enhanced 
understanding is pivotal to creativity, simplifying complex ideas for further development. 
Leaning more toward flexibility, even when following a specific method, the visualization 
strategy has a moderate level of structuredness. 

Theorizing on the impact this strategy can have; we conclude that understanding is 
paramount. Hence, this strategy is also informed primarily by domain-relevant skills, 
as successful visualization hinges on the ability to structure, organize and interpret the 
relevant information of the problem or solution space. In a mind map, the identified 
main topic or problem is used as the central node, from which branches are added 
to sub-nodes that represent subtopics, data, theories, and ideas. In visually organizing a 
plethora of information, creative connections and insights are enabled. However, domain-
specific expertise is necessary to ensure truthful representation. Visualization strategy 
mainly uses explorational creativity [20]. The creativity methods of this strategy involve 
systematically mapping out and exploring a multitude of aspects of a complex issue 
along a structured visual framework, facilitating the discovery of novel insights, which 
is a characteristic of explorational creativity [20]. 

The highest-scoring characteristic of the visualization strategy is simplicity [21, 
22]. The creativity methods are user-friendly and easily understood. As they enable 
clarifying and structuring thoughts, their inherent focus is simplification or, in other 
words, simplicity. Accuracy also earns a high score, as these methods aim to represent
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complex ideas, processes, or systems accurately, leading to a precise understanding of 
the subject matter [21, 22]. Moderately lower is the score on generality [21, 22]. While 
these methods can be applied across a breadth of fields, they are the most effective if the 
need for clarity and visualization emerges. 

3.5 Stimulus Strategy 

The stimulus strategy’s core mechanism, associating, expands cognitive boundaries 
by linking disparate ideas (e.g., analogy, metaphors, random stimulus) [53–55]. These 
methods connect unrelated concepts to spark innovation. Because it depends on sponta-
neous, unpredictable connections rather than a prescribed process, the strategy has lower 
structuredness. 

Requiring risk-taking and diverse perspectives, the stimulus strategy aligns with 
creativity-relevant processes [37]. The stimulus strategy can be assigned to combina-
tional creativity [20]. It maps parallels between core concepts and random elements, 
aiming to yield novel insights by linking familiar and unfamiliar ideas, in line with the 
core definition of combinational creativity [20]. 

Regarding generality [21, 22], the stimulus strategy scores high, as it demonstrates a 
high adaptability across various domains. Both, accuracy, and simplicity [21, 22], score 
relatively lower. These methods can enable the ideation of novel concepts. However, the 
reliance on subjective interpretations of the associations made, could lead to less precise 
or relevant outcomes. Furthermore, an adept mind and an aptitude for creative thinking 
are required. Hence, the utilization of these methods is not simple. 

3.6 Access Strategy 

The access strategy’s core mechanism, priming, fosters mental clarity and flexibility 
for creative thinking [56]. Creativity methods that are exemplary of the potential of 
the access strategy are mindfulness, gratitude, and meditation. Mindfulness practices 
have been shown to increase aptitude or behavioral inclination for creativity [57, 58]. 
Meditation has been shown to enhance creativity performance [59, 60]. The level of 
structuredness is low, as even though all three methods require a specific method, these 
depend on individual experiences and subjective mental states. The execution or the 
outcome is undefined, self-directed, and fluid, thus unstructured. 

The sole requirement is that the researcher or group of researchers want to enhance 
their mindset regarding creativity. Hence an intrinsic task motivation is the main rel-
evant creativity component [37]. Being motivated by a task offers the opportunity for 
individuals to also venture into different paths such as practicing mindfulness. It can be 
argued that the access strategy deploys combinational creativity [20] as, for example, 
mindfulness involves the synthesis of thoughts and sensations, which can be hypothe-
sized to lead to new combinations. To deploy this strategy, there should be a prevalent 
need to attune the researcher’s mindset towards creativity, which, in turn, can be said to 
hinge on open-mindedness. 

As this strategy can be applied to various contexts, it is high on generality [21, 
22]. However, as it involves internal mental processes involving potentially complex 
techniques, it is moderately lower on accuracy and simplicity [21, 22].
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4 Demonstration 

The utility and necessity of creativity during design-related activities within DSR is 
undisputed [10, 11, 61, 62]. However, we argue, these strategies can be applied across the 
entire DSR spectrum. Following Seckler et al. [18], DSR comprises three main phases: 
analysis, design, and evaluation The analytical phase addresses problem identification, 
while the design phase refines new artifacts or solutions using existing scientific knowl-
edge and theoretical principles [18]. Finally, the evaluation phase assesses an artifact’s 
usefulness [18]. 

4.1 Analytical Phase 

In the analytical phase, a deep understanding of the problem space is essential for DSR 
success. Domain-relevant skills, as emphasized by Amabile [8], play a key role and 
must be paired with broader perspectives to uncover hidden challenges. We illustrate 
this with a DSR use case on renewable energy rural SMEs, where DSR team is analyzing 
the adoption barriers of renewable energy solutions. During the analytical phase, their 
objective is to identify the underlying challenges to later design an actionable frame-
work for improving adoption. The guided strategy supports structured exploration. For 
instance, Six Thinking Hats offers sequential, role-based perspectives [63]: the white 
hat collects facts (e.g., energy costs), the black hat highlights risks (e.g., financial bar-
riers), and the red hat captures emotional aspects (e.g., perception of sustainability). 
This method fosters creativity by prompting structured, role-based thinking—enabling 
the DS research team to analyze the energy adoption challenge through various lenses. 
Leveraging the systematizing mechanism of the guided strategy enables the research 
team to enhance analytical depth when exploring complex problem spaces. 

To complement such a structured approach, applying combinational creativity via 
the stimulus strategy shows further potential during the analytical phase. Linking unre-
lated concepts via metaphor exemplifies the stimulus strategy [55]. To use this method, 
researchers must first identify the core concept of the research project and then envision 
random elements that share similarities with it. These elements could include every-
day objects, newspaper articles, or video clips. By drawing parallels between the core 
concept and these elements, a metaphor is created, which can lead to new insights and 
connections [55]. For example, a “river” metaphor frames adoption as “boats” navi-
gating regulatory “currents” and financial “rocks,” revealing insights for improving the 
design framework. The strategy is chosen here as the associating mechanism supports 
creativity relevant processes, which in turn enables in-depth insight generation of the 
problem space. 

4.2 Design Phase 

To guide the initial search for suitable solution types, as the design phase creates and 
refines new artifacts or solutions using existing scientific knowledge and theoretical 
principles [18], the team applies the facilitated ideation strategy using the Nominal Group 
Technique (NGT). This structured group method ensures that diverse perspectives—such 
as those from policy experts, rural entrepreneurs, and technical specialists—are equally
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considered. Each participant first generates ideas individually before sharing them in a 
in the plenary [47]. This approach promotes a wide exploration of potential directions, 
such as financing platforms, shared ownership schemes, or bundled service offerings. 
By combining structure with inclusive participation, NGT supports creative yet focused 
generation of solution concepts in the early design phase. FIS is selected here due to its 
enabling mechanism, supporting creativity relevant processes (e.g., divergent thinking) 
to surface and refine solutions/artifacts in a complex, multi-perspective environment. 

To deepen understanding of how these preliminary ideas might unfold in practice, the 
team uses the visualization strategy via storyboarding. This technique helps represent 
potential user interactions with each idea in a narrative, scenario-based format [52]. 
For instance, one storyboard might depict a small business owner navigating a local 
cooperative platform to access solar equipment, while another might show a government-
backed grant service embedded into an SME financing portal. Mapping these imagined 
experiences visually highlights touchpoints, emotional reactions, and feasibility issues 
that may not surface through discussion alone. By visualizing usage scenarios early, the 
team refines their understanding of what types of solutions might resonate most with the 
target context. The strategy is chosen here as its mapping mechanism leverages domain-
relevant skills necessary to support iterative refinements and deconstruction of complex 
potential artifacts. 

4.3 Evaluative Phase 

Although creativity is often linked with the design phase, it also offers value in evalu-
ation. This phase assesses the artifact’s usefulness, effectiveness, and practicality [18] 
using rigorous metrics and data collection [4]. Continuing the renewable energy exam-
ple, the DS team evaluates a leasing model for solar panels in rural businesses. During 
the evaluative phase, the researchers must rigorously assess the viability and useful-
ness. The exploratory strategy offers significant potential during this phase. By leverag-
ing thought experiments, researchers can anticipate challenges and assess the utility of 
the designed artifact. Thought experiments, defined as reasoning about the real impact 
of imagined scenarios [64], induce creativity by encouraging scenario-based thinking. 
These imagined scenarios (e.g., policy shifts or demand spikes) can foster creative fore-
sight and support robust evaluation. This structured reflection enables researchers to 
explore potential weaknesses and adapt designs accordingly. The envisioning mecha-
nism of this strategy leverages creativity-relevant processes to anticipate hypothetical 
scenarios, which in turn can help to uncover artifact weaknesses. 

Although usable in any phase, the access strategy particularly aids evaluation by 
enhancing researcher’s ability to engage in critical yet open-minded reflection. The 
strict and necessary requirement for rigor in evaluations [4] can introduce the risk of 
dismissing unexpected findings or alternative interpretations. The access strategy fos-
ters mental clarity and openness, enabling researchers to approach evaluation with a 
balanced mindset. The exemplary DS research team can leverage mindfulness and med-
itation techniques to remain attentive and reduce bias during user feedback analysis. For 
example, rather than ignoring negative input about financial flaws due to confirmation 
bias, a creativity-primed mindset might uncover improvements like peer-to-peer lending 
or dynamic pricing. The underlying priming mechanism of the access strategy enables
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a focus on the intrinsic task motivation, counteracting potential cognitive biases which 
could impact the evaluation. 

With these strategies, researchers gain practical guidance on deploying creativity 
across DSR phases [18], understanding when and how to apply each strategy—and what 
kind of value it can unlock. 

5 Concluding Discussion 

While many scholars have highlighted the importance of creativity in DSR [10, 65, 
66], concrete guidance for DS scholars remains scarce. Whilst we recognize the sig-
nificant advancement in both analytical (e.g., [1–3, 15, 23]) and evaluative (e.g., [4–6, 
24]) methodological repertoire, we address creativity’s underdevelopment and provide 
explicit guidance integrating creativity in DSR. 

Our research extends DSR creativity research [10, 65, 66], particularly in 
entrepreneurship [15], providing a structured methodical contribution that complements 
existing analytical and evaluative approaches. Building on Amabile’s theoretical founda-
tion, we advance the discourse towards incorporating creativity methods in DS research. 
Our proposed typology of creativity strategies is designed to enhance creativity across all 
phases of DSR [18], shifting the focus from purely evaluative and analytical approaches 
to an explicit creativity repertoire through structured strategies. 

We go beyond proposing a typology by demonstrating the feasibility of creativity 
strategies in DSR processes. In line with an initial design evaluation, we demonstrate the 
applicability of the different strategies across the three phases of DSR [18]. The typol-
ogy represents a framework for future empirical evaluation. To successfully enrich the 
methodical diversity within DSR, balancing rigor and creativity is necessary. The cre-
ativity strategies and their associated methods should be applied rigorously. For example, 
following established procedures—such as conducting individual brainstorming before 
team brainstorming—can maximize effectiveness. By introducing a structured typology 
of creativity strategies, we provide explicit methodological repertoire for creativity in 
DSR contributing to the reconciliation of rigor and creativity. 

Despite our contributions, we acknowledge several limitations in our study. These 
stem from the conceptual nature of this research effort, the complexity of measuring 
creativity impact as well as the dependency on different contextual variations across 
DSR application possibilities. While recognizing these limitations, we believe our typol-
ogy of creativity strategies represents a first methodological guidance and a conceptual 
foundation to enable the DS community to leverage the potential of creativity. 

Future research should focus on empirically validating and exploring the effective-
ness of the proposed creativity strategies in real-world DSR projects. Understanding the 
effectiveness of these strategies can be achieved by applying the strategies in controlled 
settings and evaluating the impact. Furthermore, an assessment of their longitudinal 
impact would increase understanding of how creativity can enhance the DSR approach. 
Lastly, an exploration of possible influencing factors e.g., context or varying research 
team compositions could enhance the practical utility of the strategies. Refinement of 
the typology based on empirical evidence can further the strategy typology.
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Abstract. Large language models and generative artificial intelligence are dis-
rupting academic research. They have reached a stage of maturity that enables 
them to function as proxies for humans in certain tasks and domains. This abil-
ity to simulate humans has major implications for the production and evaluation 
of knowledge. When coupled with agents, large language models become even 
more powerful proxies for humans. However, several authors have warned against 
the risks and limitations of using large language models to simulate humans in 
academic research. In this research, we focus on artifact evaluation leveraging gen-
erative agents. We argue that current research lacks a nuanced approach required 
in the application of generative agents in artifact evaluation, and that the method-
ological apparatus developed in design science research can provide a basis for 
this nuanced approach. Building upon this methodological apparatus, we develop 
a framework for artifact evaluation with generative agents. The main components 
of the framework are three design principles (applicability depending on arti-
fact and evaluation methods, objectives of evaluation methods with generative 
agents, implementation choices aligning generative agents with artifact evalua-
tion process), a typology of artifacts, and a matrix of augmentation. We apply the 
framework to two recent paper exemplars. 

Keywords: Artifact · Evaluation · Generative AI · Agents · Generative agents 

1 Introduction 

Large language models (LLMs), and generative artificial intelligence (AI) more gener-
ally, are revolutionizing several domains, including research in information systems [1]. 
A recent application of LLMs in research is the simulation of humans. Current models 
can, in certain domains or tasks, function as believable proxies for humans. This has 
major implications for evaluating research outputs, including artifacts. 

When generative AI is coupled with agent-based modeling (ABM), it becomes even 
more powerful for evaluating research outcomes. LLM-based agents or, more generally, 
generative agents [2], have thus emerged as a research topic, including applications of 
these agents to the production or evaluation of research outcomes.
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Despite the promises of generative agents as “simulacra of human behavior” [2], 
several papers have warned against the potential risks of using LLMs as substitutes for 
humans in research, some even pointing out that the very nature of LLMs makes them 
unable to reproduce all the subtleties of human cognition [3]. 

This research focuses on the application of generative agents to artifact evaluation. 
As argued by Abbasi et al. [4], evaluation of generative AI artifacts is a complex issue. 
Similarly, artifact evaluation with generative AI, including generative agents, is a com-
plex issue. Current approaches do not capture all the nuances required in this context. 
We need to consider what artifacts and evaluation methods are amenable to generative 
agents, what may be augmented by generative agents depending on objectives, and what 
criteria to consider when implementing generative agents in artifact evaluation. Design 
science research (DSR) is well equipped to answer these questions. It has developed a 
methodological apparatus for evaluating artifacts and, more generally, knowledge pro-
cesses and outcomes [5–7]. Building upon this apparatus, we propose a framework, 
named GALEA1 (Generative Agents Leveraged in the Evaluation of Artifacts). The 
framework comprises three design principles (applicability depending on artifact and 
evaluation methods, objectives of evaluation methods with generative agents, implemen-
tation choices aligning generative agents with artifact evaluation process), a typology 
of artifacts, and a matrix of augmentation. The typology of artifacts is based on the 
DOLCE ontology [8]. The matrix of augmentation considers the categories and levels 
of augmentation. To illustrate how GALEA captures the nuances of artifact evaluation 
with generative agents, we apply it to two recent exemplar papers. 

The paper is structured as follows. Section 2 reviews previous research. Section 3 
presents the typology of artifacts used in the GALEA framework. Section 4 presents the 
framework and Sect. 5 demonstrates its application. Section 6 concludes. 

2 Literature Review 

LLMs can simulate personality types. For example, the “big five” personality traits 
(extroversion, agreeableness, conscientiousness, emotional stability, openness to expe-
rience) can be used to define different personas with LLMs. Once initiated, the personas 
can behave in a predictable way according to their personality [9]. 

Beyond simulating individual personas, LLMs may simulate potentially large sam-
ples of humans (“silico samples”) in academic research. These samples may be used 
to produce or evaluate knowledge, for example in social science research [10], mar-
keting [11], and computer information systems [12]. There can be many advantages in 
using LLMs as proxies for humans in research: speed, scale, cost reduction, and better 
handling of the complexity and dynamics of social phenomena. With LLMs as proxies 
for humans, multiple simulations may be produced, testing many different parameters 
without being constrained by the limited attention span of human subjects; replacing 
human subjects with LLMs is also relevant in high-risk projects [13].

1 Galea is the Latin word for helmet. It is used in anatomy or botany to refer to a helmet-shaped 
structure or organ. Source: https://www.wordreference.com/definition/galea. 

https://www.wordreference.com/definition/galea
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Despite the promises and benefits of LLMs, several authors have warned against the 
risks and limitations of using them as proxies for humans in academic research [3, 11, 
13, 14]. More specifically: 

• LLMs differ fundamentally from humans. They rely on probabilistic patterns to 
predict the next word and fail to reproduce all the subtleties of human cognition. 

• The samples on which LLMs are trained may differ from the samples of humans 
that they are supposed to simulate. In particular, several LLMs are trained mostly 
with data from Western, Educated, Industrialized, Rich, and Democratic countries 
(WEIRD). Moreover, LLMs may be smarter (e.g., GPT 4o as opposed to GPT 3.5) or 
less toxic/more prosocial than the humans they are supposed to represent. They also 
struggle with tasks not encountered in their training data [3]. Therefore, rather than 
algorithmic bias, the fundamental issue is algorithmic fidelity [10], which should be 
estimated for a given model, sample, and topic or domain. 

• The results obtained by simulating humans with LLMs may be sensitive not only to 
the model, but also the model version, training data, prompts, model parameters (e.g., 
Softmax temperature), and fine-tuning. 

• Several issues are issues generally encountered with LLMs, e.g., hallucinations, 
privacy concerns and more generally ethical issues, copyright, transparency and 
replicability, data quality, and environmental cost. 

• There is generally a trade-off between internal and external validity [13]: big models 
trained with a lot of data but with little transparency and control possibilities (priority 
to external validity), versus models trained with less data, but with more transparency 
and control (priority to internal validity). 

When using LLMs as proxies for humans in research, one size does not fit all. For 
example, in psychological science, LLMs as proxies for participants may be most useful 
for specific topics, specific tasks, specific research stages, and specific samples [14]. 

To make LLMs even more powerful in simulating humans, generative agents have 
been proposed [2], combining generative AI with agent-based modeling (ABM). Park 
et al. [2] define generative agents as “computational software agents that simulate believ-
able human behavior” and present an architecture for generative agents with three com-
ponents: memory stream, reflection, and planning. Generative agents interact with their 
environment (including other agents), make decisions, plan, and act on their environ-
ment. Interactions with and between generative agents are in natural language. Agents 
may cooperate with each other to execute complex tasks (multi-agent systems [15, 16]). 
Chain-of-Thought (CoT) strategies may be used [17], prompting agents to decompose 
complex tasks. Thanks to their LLM component, generative agents may react dynami-
cally depending on context [18], instead of being limited by pre-specified and often lim-
ited rules [19]. Generative agents may reflect personality types, demographic characteris-
tics, attitudes, and values. Simulating humans with generative agents (a.k.a. LLM-agent 
hybrids) is particularly relevant in social science research [13], including for simulating 
social interactions, cooperation, and emotion [20, 21]. When generative agents are the 
counterparts of real individuals, this facilitates the assessment of their believability, by 
comparing their responses with those of the human they represent [22]. Several papers 
have already applied generative agents to evaluating research outcomes (including arti-
facts) or mentioned potential applications [2, 15–25]. The risks associated with using
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generative agents as proxies for humans in research are essentially the same as those 
regarding the use of LLMs not combined with agents. 

This research focuses on artifact evaluation with generative agents. Artifact evalua-
tion with generative agents is a complex issue, and current research does not capture the 
nuances required to address this complexity. DSR has developed a rich methodological 
apparatus regarding the evaluation of artifacts, and the validity of DSR knowledge more 
generally [5–7]. Building upon this apparatus, we propose a framework to capture the 
nuances of artifact evaluation with generative agents. Next, we present the typology of 
artifacts that we use in this framework. 

3 Typology of Artifacts 

Traditionally, DSR in information systems (IS) has focused on information technology 
(IT) or IS artifacts. However, as illustrated below, generative agents have been used or 
proposed for evaluating a variety of artifacts beyond IT and IS. Examples include gov-
ernment policies and architectural design. We contend that the methodological apparatus 
developed in DSR in IS is applicable to a variety of artifacts, in the social sciences in 
particular. Consequently, GALEA may be applied to artifacts in a broad sense. We are 
interested in leveraging an IT artifact (generative agents) to evaluate other artifacts, 
which may be non-IT or IS artifacts themselves. DSR, with the methodological appara-
tus it has developed regarding artifact evaluation, is perfectly suited to address this issue, 
even if this requires adaptations to consider the wider range of artifacts addressed. 

Consistent with the intended scope of GALEA, we need a typology of artifacts 
not limited to IS, IT, or technical artifacts. This typology needs to be detailed enough 
to account for the variety of artifacts. It will be used in the first design principle of 
GALEA. The typology of March and Smith [26] is widely used. However, it is defined 
at a high level (distinguishing between constructs, models, methods, and instantiations) 
and specific to DSR in IS. Other typologies are either specific to DSR in IS or focused 
on technical artifacts [27–30]. Therefore, we need to define our typology of artifacts. 
Instead of defining it from scratch, we reuse a foundational ontology. 

The ontology that we use is DOLCE, a Descriptive Ontology for Linguistic and 
Cognitive Engineering [8, 31]. We define an artifact as an entity intentionally produced 
by a human or a collective of humans to fulfill a function [29, 32]. Our typology of 
artifacts is a subset of DOLCE (Fig. 1). The concepts of DOLCE are explained in [8, 31, 
33, 34]. At a high level, endurants are distinguished from perdurants. Endurants represent 
physical or non-physical objects. Perdurants typically represent events or processes. 
The fundamental difference between endurants and perdurants is temporal: endurants 
(e.g., a table) are wholly present any time they are present, while perdurants (e.g., a 
manufacturing process) unfold progressively through time. We content that for an artifact 
to be qualified as such, it should be present completely at any time it is present; therefore, 
all artifacts are endurants. Within the category of endurants, non-physical objects are 
decomposed into mental objects and social objects. Since mental objects are specific 
to the minds of individuals, they are not artifacts. A social object is the product of a 
community. It may have agency or not. Institutions are examples of agentive social 
objects. Non-agentive social objects that qualify as artifacts are concepts, descriptions,
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and information objects. Descriptions define or use concepts. They include information 
encoding systems (e.g., classification systems or grammars), methods (descriptions “that 
contain a specification to do, realize, behave, etc.”), social descriptions (e.g., laws, norms, 
or peace treaties), systems as descriptions (“the descriptive, unifying aspect of a system 
(usually it includes at least a design, or project, plan, etc.).”), and theories. Examples of 
information objects are diagrams, words, or text. Physical objects may be agentive or 
non-agentive. Robots with agency are examples of agentive physical objects that qualify 
as artifacts. According to the DOLCE terminology, non-agentive physical objects are 
the only ones that qualify as material artifacts. 

Fig. 1. Typology of artifacts based on the DOLCE ontology [33]. 

Table 1 shows the lowest levels of the typology of artifacts (leaf nodes in Fig. 1), 
with examples for each artifact type, and examples of applications of generative agents 
to evaluate artifacts of this type. For some artifact types, we did not find examples of 
applications of generative agents to evaluate artifacts of these types. We will provide 
explanations for this when detailing the first design principle of GALEA. 

Table 2 maps the typology of artifacts of GALEA with the typology of March and 
Smith [26]. “?” denotes ambiguity in mapping a concept of a typology into concepts of 
the other typology, and ∅ indicates that a concept of a typology cannot be mapped or 
can only be partially mapped into concepts of the other typology. 

Mapping the typology of GALEA into the one of March and Smith [26] (left column 
of Table 2), we note that some agentive social objects may not be mapped easily. For 
example, it is unclear if organizations should be defined as instantiations, models, or 
methods. Similarly, it is unclear if social descriptions such as laws should be charac-
terized as models or methods, and the distinction between models and methods does
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Table 1. Typology of artifacts: examples of artifacts and evaluation with generative agents. 

Artifact type Examples Evaluation with generative 
agents 

Agentive social object Organization, institution, 
generative agent 

Holacracy (a decentralized 
form of organization) [23] 
Generative agents [16] 

Concept Concept in a language, 
construct in a theory 

Information-encoding system Taxonomy, grammar of a 
programming language, query 
language 

Method Project management 
methodology, conceptual 
modeling methodology, 
specification of an algorithm 

Hiring methods [15] 
Recommendation 
algorithms [20] 

Social description Regulation, law, norm, policy Scare resource allocation 
policies [21] 
Government policies [22] 

System as description Conceptual model, business 
process model, system 
architecture 

Spatial designs in urban 
planning [19] 

Theory Explanatory theory, predictive 
theory, prescriptive (DSR) 
theory [35] 

Social science theories [2, 
18]* 
Filter bubble effect [20] 

Information object Text, diagram, software, 
implemented algorithm 

Artificially generated text 
(e.g., chatbot, LLM) [24] 
LLM-generated text [17] 
Digital services [25] 

Agentive physical object Robot with agency 

Material artifact Robot without agency, 
building, shirt, computer, 
smartphone 

*Theory development, which implicitly includes theory evaluation.

not appear relevant here. Theories have no equivalent in March and Smith [26]. When 
mapping the typology of March and Smith [26] into the one of GALEA (right column 
of Table 2), some instantiations may not be mapped into any concept in the typology of 
GALEA. For example, an information systems development method is a method accord-
ing to March and Smith [26] (and according to GALEA); its execution is an instantiation 
according to March and Smith [26]. However, according to the typology of GALEA, 
this execution is not an artifact, because it would be characterized as a perdurant in 
DOLCE. Summing up, there is only partial mapping between the two typologies, which 
have different scopes and levels of detail. 
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Table 2. Mapping the typology of artifacts to and from the typology of March and Smith [26]. 

To March and Smith [26] From March and Smith [26] 

Agentive social object → instantiation,? 
Concept → construct 
Information-encoding system → construct 
Method → method 
Social description →? 
System as description → model 
Theory → ∅  
Information object → instantiation, model, 
method 
Agentive physical object → instantiation 
Material artifact → instantiation 

Construct → concept, information-encoding 
system 
Model → system as description, information 
object 
Method → method, information object 
Instantiation → agentive social object, 
information object, agentive physical object, 
material artifact, ∅ 

We now turn to the description of the GALEA framework. 

4 A Framework for Leveraging Generative Agents in Artifact 
Evaluation 

We propose the GALEA framework for leveraging generative agents in artifact evalu-
ation (Fig. 2). “Leveraging” implies that generative agents should “complement rather 
than replace human stakeholders in design processes.” [2]: they should augment the 
artifact evaluation process, rather than automate it completely. There should be at least 
one researcher controlling the evaluation process. Generative agents play the role of 
secondary participants [5] in evaluation, as proxies for human subjects and/or human 
evaluators. For example, they may evaluate artificially generated text [17, 24]. 

Fig. 2. The Generative Agents Leveraged in the Evaluation of Artifacts (GALEA) framework. 

GALEA builds upon prior work on knowledge evaluation and validity in DSR [5–7]. 
At a higher level, program theory proved useful to structure the framework. A program 
theory is “an explicit theory or model of how an intervention, such as a project, a 
program, a strategy, an initiative, or a policy, contributes to a chain of intermediate
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results and finally to the intended or observed outcomes” [36, p.xix]. Program theory 
facilitates evaluation (a.k.a. theory-based evaluation) by making causal links explicit, 
e.g., from inputs to activities to outputs to outcomes (for participants) to impacts (for the 
broader community). In GALEA, essential inputs are types of artifacts and evaluation 
methods (evaluation techniques, forms, and criteria). The intended outcome (objective) 
is to improve the resource efficiency or validity of evaluation. The three design principles 
(described below) may be considered as activities to be applied sequentially. 

FEDS [6] distinguishes between formative and summative evaluation, and between 
artificial and naturalistic evaluation. We agree with Sarstedt et al. [11, p.1254] that 
“silicon samples hold particular promise in upstream parts of the research process [..], 
where researchers collect external information to safeguard follow-up design choices.” 
In other words, generative agents are primarily for formative evaluation. Regarding the 
distinction between artificial and naturalistic evaluation, generative agents are artificial 
but are in some cases hardly distinguishable from human subjects or evaluators. 

4.1 Design Principles 

Table 3 presents the design principles, using the schema of Gregor et al. [37]. 
As mentioned above, applying LLMs (and generative agents) in research requires 

considering the specificities of topics/domains, tasks, research stages, and samples. The 
specificity of the topic or domain is taken into consideration in DP1, which determines 
the applicability of generative agents for evaluating the artifact at hand. The specificity of 
tasks (evaluation methods, in our case) is considered in DP2. The specificity of research 
stages is taken into consideration by applying generative agents to formative evaluation 
primarily. The specificity of samples is considered in DP3, as a criterion to choose 
between several alternative solutions for implementing generative agents. 

We now detail each design principle. 

Table 3. Design principles in GALEA. 

Design principle 
title 

DP1: Applicability 
depending on artifact 
and evaluation 
methods 

DP2: Determine 
objectives of using 
generative agents in 
evaluation methods 

DP3: Implementation 
choices aligning 
generative agents with 
artifact evaluation 
process 

Aim, implementer 
and user 

For artifact designers to evaluate an artifact for the target population of 
this artifact (e.g., IT professionals, consumers, policy makers) 

Context When leveraging generative agents in evaluation

(continued)
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Table 3. (continued)

Design principle
title

DP1: Applicability
depending on artifact
and evaluation
methods

DP2: Determine
objectives of using
generative agents in
evaluation methods

DP3: Implementation
choices aligning
generative agents with
artifact evaluation
process

Mechanism Determine 
applicability of 
generative agents to 
artifact evaluation 
depending on the 
artifact and the 
evaluation methods 

Based on the 
applicability of 
generative agents and 
on the objectives, 
choose the evaluation 
methods to which 
generative agents will 
be applied, and what 
will be augmented by 
generative agents 

Based on the  
objectives and specific 
context (e.g., research 
transparency and 
replicability 
constraints, available 
resources, target 
population of the 
artifact), choose the 
LLM, library, or 
off-the-shelf software 
for generative agents, 
aligning the generative 
agents with the artifact 
evaluation process 

Rationale Because applicability 
of generative agents to 
artifact evaluation 
depends on the artifact 
(and more generally 
on its type), on the 
evaluation criteria, 
evaluation techniques, 
and form of evaluation 

Because the objectives 
of using generative 
agents in artifact 
evaluation should be to 
improve the resource 
efficiency and/or 
validity of evaluation, 
which helps determine 
what evaluation 
methods will be 
augmented with 
generative agents and 
how they will be 
augmented (matrix of 
augmentation) 

Because several 
solutions are available 
to implement 
generative agents for 
artifact evaluation, and 
the choice of the 
solution and its 
alignment with the 
evaluation process 
depend on several 
criteria (e.g., sample of 
population on which 
the LLM has been 
trained, necessity for 
fine-tuning, 
transparency 
requirements, cost of 
adapting reusable 
libraries, specific 
topics or domains to 
which the libraries 
apply)
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4.2 Applicability Depending on Artifact and Evaluation Methods 

The applicability of generative agents depends on the artifact. It also depends on the 
evaluation methods and, more specifically, on criteria, techniques, and form of evalua-
tion, as defined in Prat et al. [5]. “Applicability” means that generative agents may be 
applied, but also that they add value (e.g., compared to using LLMs without ABM). 

The applicability of generative agents depends on the type of evaluated artifact. For 
most artifact types, there are papers that mention applications or potential applications 
of generative agents to evaluate artifacts of this type (Table 1). However, we did not 
find examples for the following artifact types: concept, information encoding system, 
agentive physical object, and material artifact. Regarding concepts, it is not surprising: 
evaluating a single concept is not common. For evaluating information encoding sys-
tems, e.g., query languages, we could consider applying generative agents. For physical 
artifacts (agentive physical object and material artifact), we could in theory consider 
applying generative agents (e.g., to evaluate product prototypes). However, the fact that 
we found no examples is consistent with the observation that using generative agents 
for evaluation makes most sense in the upstream research stages, before decisive design 
choices are made and products are put into production. Beyond the artifact type, the 
applicability of generative agents for evaluation may depend on the artifact itself: as 
mentioned above, the topic or domain of the artifact should be considered. 

Regarding the applicability of generative agents to evaluation criteria, for the sake 
of space, we focus on the criteria in the hierarchy of Prat et al. [5, p. 258] that are not 
amenable to evaluation with generative agents. Within the goal dimension, technical 
and economic feasibility are difficult to evaluate with generative agents, which likely do 
not have the required specialized knowledge to evaluate technical feasibility or to make 
cost-benefit computations. In the environment dimension, generative agents, as proxies 
for people, appear most relevant to evaluate this category of criteria, although using 
generative agents to evaluate ethicality is not recommended. Most criteria in structure 
and activity are amenable to evaluation with generative agents. Completeness is hard to 
evaluate without a notion of what “complete” means. Fidelity to modeled phenomena 
requires comparing a model with reality, a challenge for LLMs. Similarly to ethicality, we 
would not recommend using generative agents to evaluate trustworthiness. In evolution, 
learning capability appears difficult to assess by generative agents, and generative agents 
have little potential added value for evaluating robustness and scalability (of algorithms, 
typically). 

Figure 3 shows what evaluation techniques may use generative agents (greyed rect-
angles). As mentioned above, generative agents may be used as substitutes for human 
subjects or evaluators. Therefore, they can be used even in organizational contexts (such 
as case studies, for example). Regarding field experiments, A/B testing with generative 
agents is a relevant substitute or complement to traditional A/B testing [20, 25]. Even 
though generative agents could be used in analytical evaluation techniques and informed 
argument, their added value, compared with plain LLMs, is not apparent. 

Figure 4 shows the forms of evaluation compatible with generative agents. They 
have been used or may be used for most forms of evaluation. However, LLMs are often 
flawed reasoners [3], and generative agents are not recommended for formal proof.
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Fig. 3. Applicability depending on evaluation techniques (split into two parts for brevity). 

Fig. 4. Applicability depending on form of evaluation. 

4.3 Determine Objectives of Evaluation Methods Using Generative Agents 

Once the applicability of generative agents has been examined with DP1, the artifact 
designer should determine the objectives of using them in artifact evaluation. Depending 
on the objectives, he may choose the evaluation methods that will use generative agents, 
and what will be augmented by these agents. Applying generative agents to an evalua-
tion method may pursue such objectives as: reduce evaluation costs and time, increase 
evaluation scale, release constraints of time and space met in physical environments, or 
improve external or internal validity of evaluation. Artifact evaluation should balance 
rigor and resource efficiency [6]. Therefore, using generative agents in an evaluation 
should improve resource efficiency and/or evaluation validity. As design knowledge, 
the validity of evaluation knowledge may be assessed with design science validity cri-
teria [7], e.g., internal or external validity. When considering the benefits of generative 
agents, the comparison is not always between evaluation with humans and with genera-
tive agents. For example, one may consider the benefits of generative agents compared 
to rule-based ABM. To decide what should be augmented when applying generative 
agents to an evaluation method, Fig. 5 proposes a matrix of augmentation.
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Fig. 5. Matrix of augmentation (The icons for the categories of abilities were generated with 
DALL·E 3). 

This matrix draws on the augmentation matrix of De Boeck and Vaes [38, p. 71].  
Its first dimension is the category of abilities. We consider five categories [38–40]: 
cognitive, social, emotional, sensory and physical. The second dimension is the level of 
augmentation. De Boeck and Vaes [38] distinguish between replicate, supplement and 
exceed. We consider four levels. Replicate is the replication of a human ability (without 
changes). Supplement is the extension/improvement of a human ability. Complement 
(exceed) is augmentation through an ability not possessed by humans. We add the level 
“approximate,” since approximating capabilities may sometimes be sufficient. With the 
matrix of Fig. 5, for each evaluation method using generative agents, the artifact designer 
specifies the level of augmentation for each required capability. 

4.4 Implementation Choices Aligning Generative Agents with Artifact 
Evaluation Process 

Depending on objectives and context (e.g., research transparency and replicability con-
straints, available resources, target population), the artifact designer chooses the technical 
solution for generative agents, aligning the generative agents with the artifact evaluation 
process. Several solutions are available: using existing LLMs, writing code to com-
plement an existing library, accessing a library through an API, or buying off-the-shelf 
software. The choice of the solution and its alignment with the artifact evaluation process 
depend on several criteria (e.g., transparency requirements and tradeoffs between inter-
nal and external validity). Multimodal models, 3D virtual environments or metaverses 
enable interactions beyond natural language (e.g., visual abilities).
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5 Application of the Framework 

To illustrate how GALEA captures the nuances of artifact evaluation with generative 
agents, we apply it to two papers (Table 4). The first paper [24] presents a generative agent 
for scoring LLM-generated text, ChatEval. The generative agents serve as proxies for 
human raters and are tasked with assessing the quality of generated text for one task and 
rating the generated text on four dimensions (naturalness, coherence, engagingness, and

Table 4. Examples applying GALEA. 

ChatEval [24] Agent4Rec [20] 

Summary LLM agents as proxies for human 
evaluators. Agents simulate a debate to 
evaluate generated text 

LLM agents as proxies for human 
subjects (users) with the goal of eliciting 
preferences and interpretable feedback 
for the evaluation of recommender 
systems 

DP1 Evaluation of information objects 
(generated text) 
Replace human evaluators to efficiently 
score generated data for system testing 
Quantitative-measured and 
quantitative-perceived 

Evaluation of a method 
(recommendation algorithm) and theory 
(filter bubble effect) 
Replace human subjects to generate data 
for system testing 
Quantitative-measured and qualitative 

DP2 Cognitive approximation. The agents are 
evaluating text, and their evaluations are 
themselves scored against a human gold 
standard 

Cognitive replication: Ratings 
Social approximation: Free-text 
feedback 
Emotional/social supplement: Post-exit 
interviews 

DP3 Proxies for human raters are generative 
agents based on OpenAI GPT-3.5-turbo 
and GPT-4. Evaluation scenarios include 
single-agent and multi-agent simulations 

Implemented with existing framework 
for deploying generative agents 
(LangChain) 
LLM is closed-source GPT-3.5-turbo 
model from ChatGPT 

Remarks Operates at lower levels of augmentation 
(approximation) with a goal of achieving 
replication 
The datasets used include texts 
generated by multiple LLM agents, 
however the analysis is done at the 
aggregate level. There is an opportunity 
here to evaluate not only the generated 
text, but also the text generation models 
themselves 
Reliance on GPT-3.5-turbo means lack 
of transparency and less understanding 
of generalization across LLM models 
and architectures 

Reliance on GPT-3.5-turbo means lack 
of transparency and less understanding 
of generalization across LLM models 
and architectures 
Only using one LLM model for the 
generative agents may introduce 
external threats to validity regarding 
generalization
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groundedness) for the other task. The objective is cognitive replication of human raters. 
The second paper [20] proposes Agent4Rec, a generative agent that simulates human 
raters of items (e.g., movies or books). In this work, a method is evaluated (i.e., recom-
mender systems), and the filter bubble effect is replicated using agent-generated data. 
While this work is more robust in its adherence to GALEA, implementation choices— 
specifically the use of closed-source LLM models from OpenAI—may introduce threats 
to the validity of the study as the models are not transparent and there was not a trian-
gulation of results with other LLM models (closed- or open-source). These examples 
implicitly address DP1 and DP2 through their motivation and experimental setup. Future 
work can build on these exemplars by using GALEA to define and describe decisions 
based on the design principles to achieve stated aims regarding using generative agents 
in evaluation. For example, stating the goals of using generative agents (DP2) and what 
is to be achieved by their inclusion can help place the use of generative agents in context 
of the research question being addressed. The implementation decisions should also be 
carefully considered and explicitly described (DP3).

6 Conclusion 

Recognizing the potential of generative agents as proxies for humans and the complex-
ity of using them in artifact evaluation, we have proposed and illustrated the GALEA 
framework to leverage generative agents when evaluating artifacts. We acknowledge that 
the hierarchy of criteria used in DP1 was originally defined in the context of DSR in IS 
and may need to be extended for application to other types of artifacts. Moreover, the 
design principles will need to be completed, as they do not consider all evaluation steps 
(they stop at implementation choices). Finally, beyond illustration of the framework with 
published research, we will apply it in actual projects building artifacts. 
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1 Introduction 

Design Science Research (DSR) has received significant attention as a vital 
research paradigm in the field of Information Systems (IS) ever since its 
widespread establishment [ 16, 22, 29]. It provides a structured approach to design-
ing and evaluating artifacts that can be applied to the solution of real-world 
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 
S. Chatterjee et al. (Eds.): DESRIST 2025, LNCS 15703, pp. 99–115, 2025. 
https://doi.org/10.1007/978-3-031-93976-1_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93976-1_7&domain=pdf
http://orcid.org/0000-0002-0516-1378
http://orcid.org/0000-0001-6156-1416
http://orcid.org/0000-0002-7235-6001
http://orcid.org/0000-0002-4183-4357
https://doi.org/10.1007/978-3-031-93976-1_7


100 S. Reiners et al.

problems. As the field matured, seminal works shaped and defined its trajec-
tory, influencing both how research is conducted and how findings are applied 
[ 13, 16, 23]. However, less is known about how the field and philosophy of DSR 
have changed over time. A recent study sheds light on the characteristics of 
DSR research based on a bibliometric analysis [ 3]. Our study aims to illumi-
nate the development and enduring impact of influential DSR contributions by 
examining the insights and reflections of its prominent authors. Through their 
reflections, we gain a nuanced and more personalized perspective than standard 
literature reviews of the field’s foundational principles, current challenges, and 
fresh perspectives in DSR. 

In this work, we investigate the long-term relevance of original methods or 
frameworks regarding whether they still effectively address the initial challenges 
in light of technological and methodological advancements. Another consider-
ation involves unintended applications, wherein contributions are used beyond 
their intended scope, prompting exploration of how authors perceive these adap-
tations. 

We conducted 14 in-depth interviews with authors 1 of some of the most cited 
and widely referenced papers 2 in DSR. The findings of this study reveal recurring 
themes across the interviews, including the authors’ emphasis on complexity, 
transdisciplinary research, and the role of DSR in bridging theoretical growth 
with practical impact. By charting the collective experiences of these authors, 
this paper contributes to the ongoing discourse on the future directions of DSR. 
Following a qualitative research approach, we propose directions for the future of 
DSR and seek to provide emerging researchers and practitioners with guidance 
grounded in the field’s legacy. Moreover, this study underscores the adaptability 
and transdisciplinary nature of DSR as it continues to respond to contemporary 
challenges in IS and beyond. 

2 A History of Design Science Research 

DSR is an important research paradigm in the field of IS [ 13]. It is rooted in 
engineering and the science of the artificial [ 26]. Over the past decades, the 
recognition of DSR has grown due to the practical nature of IS problems and its 
relevance to research outcomes while maintaining scientific rigor. DSR aims to 
solve real-world problems by designing innovative artifacts [ 15]. One of the main 
purposes of DSR is to generate design knowledge and contribute to the scientific 
knowledge base by providing descriptive explanations of “how to do something to 
achieve a goal” [ 12, p. 1622]. DSR projects typically produce design knowledge 
describing the means-end relationship between the problem and the solution 
space while novel artifacts are represented in the form of constructs, models, 
methods, and instantiations [ 13, 16]. Because of its problem-solving nature, DSR 
has a central role in disciplines such as engineering, architecture, and IS as 
well as information technology-related disciplines, promoting the development of
1 Cumulative citation count of 227,947 on Google Scholar [25.03.2025]. 
2 Cumulative citation count of 42,902 on Google Scholar [25.03.2025]. 
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innovative solutions. However, the application of DSR methodology is not limited 
to these fields. It can be applied in many disciplines to solve real-world problems, 
for instance, in operations management [ 2] or in the field of entrepreneurship [ 24]. 

The methodological discourse of DSR has advanced over the past few years. 
There exist many frameworks, guidelines, and process models supporting design 
science researchers in conducting DSR projects and structuring the design pro-
cess (e.g., Sein et al. [ 25], Kuechler and Vaishnavi [ 17], Gregor and Jones [ 14], 
Peffers et al. [ 23], Tuuanen et al. [ 28] and more). However, these guidelines sup-
port researchers on the meta level. On the instantiation level, DSR is highly 
context dependent and does not follow a cookbook [ 7]. With the growth of the 
DSR knowledge base and constant change, the complexity of DSR projects is 
increasing [ 28]. Due to emerging technologies and the advancing prevalence of 
DSR, new challenges are arising that need to be addressed. In order to better 
understand the past and what is missing to address future challenges we present 
future DSR themes based on the authors’ perspectives of the most pivotal and 
cited works. 

3 Method 

We pursued a qualitative research approach to derive our insights from 14 in-
depth, semi-structured interviews [ 10, 20]. 

3.1 Ensuring Validity and Reliability of Interview Data 

To ensure the validity and reliability of the qualitative data, we followed the four 
widely established quality criteria [ 18]: credibility, transferability, dependability, 
and confirmability. 

Credibility, measures how well the qualitative data aligns with reality [ 20]. 
To ensure the interview partners are “knowledgeable agents” [ 10], we selected 
and interviewed authors (A1–A14) who actively shaped DSR through purpo-
sive sampling [ 8]. We ensured the credibility of our informants by verifying that 
their papers were either published in highly ranked journals (e.g., MIS Quarterly 
for A2, 10, and 12), cited extensively (e.g., A3 and 7), or both. Transferability 
refers to the degree to which the generated knowledge can be abstracted to 
another context with different interview partners. We provide contextual infor-
mation about our interview partners’ papers in Table 1. Dependability concerns 
the replicability of research findings. By making all our data publicly available 
and presenting in-depth information on our methods, we promote replicability 
through systematism and transparency [ 20]. Lastly, confirmability regards the 
results’ objectivity [ 18]. We proactively addressed potential biases throughout 
the research process, especially during the data analysis and coding. Foremost, 
through iterative discussions, we ensured that all researchers were aware of their 
potential biases (e.g., opinions on what constitutes DSR) and knew methods to 
counter them actively. Moreover, all of the current study’s authors conducted 
the interviews to further prohibit systematic biases and ensure data diversity. In
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the following, we provide detailed information on how we ensured confirmability 
in our data collection and analysis. 

Table 1. Papers of Interviewed Authors 

Acro. Author Title Year 
A1 Abbasi, A., Parsons, J., Pant, G., 

Sheng, O. R. L., & Sarker, S. 
Pathways for Design Research on Artificial 
Intelligence 

2024 

A2 Gregor, S., & Hevner, A. R. Positioning and presenting design science 
research for maximum impact 

2013 

A3 Maedche, A., Gregor, S., Morana, S., 
& Feine, J. 

Conceptualization of the problem space in 
design science research 

2019 

A4 Mandviwalla, M. Generating and justifying design theory 2015 
A5 Mullarkey, M. T., & Hevner, A. R. An elaborated action design research 

process model 
2019 

A6 Seckler, C., Mauer, R., & vom 
Brocke, J. 

Design science in entrepreneurship: 
conceptual foundations and guiding 
principles 

2021 

A7 Tremblay, M. C., Hevner, A. R., & 
Berndt, D. J.  

Focus groups for artifact refinement and 
evaluation in design research 

2010 

A8 Peffers, K., Tuunanen, T., 
Rothenberger, M. A., & Chatterjee, 
S. 

A design science research methodology for 
information systems research 

2007 

A9 Venable, J., Pries-Heje, J., & 
Baskerville, R. 

FEDS: A framework for evaluation in design 
science research 

2016 

A10 Tuunanen, T., Winter, R., & vom 
Brocke, J. 

Dealing with Complexity in Design Science 
Research: A Methodology Using Design 
Echelons 

2024 

A11 vom Brocke, J., Winter, R., Hevner, 
A., & Maedche, A. 

Accumulation and evolution of design 
knowledge in design science research: a 
journey through time and space 

2020 

A12 Baskerville, R. L., Kaul, M., & 
Storey, V. C. 

Genres of inquiry in design-science research 2015 

A13 Hevner, A. R., March, S. T., Park, 
J., & Ram, S. 

Design science in information systems 
research 

2004 

A14 Zolbanin, H., & Aubert, B. A process model for design-oriented machine 
learning research in information systems 

2025 

3.2 Data Collection and Analysis 

Our qualitative data collection comprised 14 interviews with authors of some of 
the most influential DSR papers. Interviews had an average duration of around 
30 min. We conducted the interviews online via digital video communication 
tools. Moreover, we interviewed only one author of each paper as to not skew 
the results to reflect one paper’s views over others disproportionally. We used
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a semi-structured interview guideline, maintaining researcher-participant reci-
procity and reflexivity [ 9]. First, we asked interview partners about their exper-
tise in the domain. Then, in the central part, we asked questions about the 
motivation, challenges, and contributions behind their publications. Notably, we 
also asked reflexive questions, such as, “Would you change something in the paper 
if you wrote it today?” We closed the interview by asking our interview partners 
about their future hopes and aspirations for the DSR discipline. Throughout 
the interview, interviewers were free to follow up on any comments. Once we 
completed the interviews, we transcribed each one 3. Following the approach 
outlined by Gioia et al. [ 10], we initially conducted our inductive coding com-
parable to Strauss and Corbin’s [ 27] open coding, which resulted in a dataset 
of 508 1st-order concepts while remaining faithful to our informants’ wording. 
As we realized that many informants referred to similar concepts using different 
words, we aggregated our 1st-order concepts into 10 2nd-order themes corre-
sponding to Strauss and Corbin’s [ 27] axial coding within iterative discussions 
among this study’s authors. In line with Strauss and Corbin’s [ 27] notion of 
selective coding, we aggregated the discovered 2nd-order themes into three over-
arching dimensions. These groupings have enabled us and empower readers to 
identify, link, and interpret relevant themes in our data between interviewees and 
abstract these into novel knowledge. By adopting this approach, we were able to 
investigate multiple perspectives and gain a comprehensive understanding of the 
dataset’s scope and depth [ 10, 27]. Our data collection and analysis approach is 
illustrated in Fig. 1. 

14 

Data collection 

Author interviews 

• 14 interviews

• 5 interviewers

• 4 independent 

coders 

Data analysis

• 508 1st-order 

concepts

• 10 2nd-order 

themes 

iterative discussions 

Fig. 1. Data Collection and Analysis 

4 Author-Informed Review of Design Science Research 

The author-informed review we conducted reveals a variety of relevant themes 
discussing DSR. By an author-informed review, we refer to engaging in inter-
views with the authors (A1–A14) to reflect on their research. The findings can 
be categorized into three overarching dimensions: the learnings from the past,
3 Repository of all transcripts and videos: https://github.com/Ebas0/DESRIST25-P-

L-F-D. 
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current challenges, and future directions. The adjacent 2nd-order themes are 
displayed in Table  2. The additional columns aggregate the sum of the 1st-order 
concepts for the respective theme as well as an exemplary 1st-order concept for 
this theme. 

Table 2. 2nd-Order Themes and 1st-Order Concepts 

2nd-Order Exemplary 1st-Order Sum 1st-Order 
Complexity Cannot plan the whole DSR process 

in the beginning of the project 
110 

Transdisciplinarity DSR is a combination of different 
research streams 

69 

Maturity Historically, DSR was not 
established as a scientific approach 

55 

Positioning Different IS communities have 
different perspectives of what 
abstraction means 

49 

Rigor Design process must be transparent 48 
Guidance Missing guidance for conducting 

DSR 
48 

Eligibility DSR did not exist as a term but 
people were doing it 

25 

Clinical Inquiry Build artifacts that are meaningful 
for practice 

20 

Value Creation Change the world but change it for 
the better 

19 

Evolution Use modern solutions for DSR and 
do not always rely on the “old” stuff 

9 

Total 508 

4.1 Learning from the Past 

Eligibility. The methodologies and approaches foundational to DSR were 
applied long before the term gained traction: “The term didn’t exist at the time. 
Yet that was what I was doing” (A9). Reflecting on the roots, an author noted 
they performed “design-oriented research, even before it was called that name, 
back in the 80s and 90s” (A10). Despite the lack of explicit nomenclature, these 
efforts laid the groundwork for what would become a recognized IS research 
paradigm. A sense of perpetuity is captured in the assertion, “I sort of disagree 
that we’re doing something new here. We’re doing something that has been done 
[...] since the beginning of time” (A13).
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The publication by Hevner and colleagues in 2004 marked a pivotal moment 
in the formalization of DSR for IS [ 16]. This was explicitly recognized by numer-
ous scholars who credit it with crystallizing the domain. One interviewee noted, 
“I was a first-year PhD student when the Hevner et al. paper came out [...] and so 
that really just changed my life” (A1), signifying the profound impact it had on 
shaping academic trajectories. Overall, the contributions of the seminal paper 
provided much-needed clarity and eligibility [ 16]. It clarified the terminology 
of DSR, whose the principles and practices have deep and enduring origins. In 
doing so, they established “the tension that exists between scientific theory and 
[...] pragmatic design” (A13) which shapes the field to this day. 

Maturity. There was considerable debate surrounding DSR’s fundamental 
nature. As one interviewee noted, “there were multiple views of what this design 
science research was” (A12). This uncertainty was compounded by fundamen-
tal ambiguity among scholars who questioned whether theory should precede or 
follow practice and whether the discipline retained its pragmatic essence: “Does 
theory come first or second? [...] Are we still a pragmatic discipline?” (A5). Fur-
thermore, the very core of the emerging paradigm was scrutinized, with critical 
inquiries such as, “is this science or is this just consulting?” (A6). 

Multiple researchers reflected that the idea for their own influential paper 
was born from a personal and collective academic journey. As one author noted, 
the paper began “in my head, at least when I was working on my PhD” (A4). 
The goals were to “clarify why design science is a scientific approach” (A6) while 
still signifying “how it is related but different from practice or consulting” (A6). 
Further, there was a need to clarify why “design science is a distinct scientific 
approach on par and complementary to explanatory research” (A6). In that 
regard, DSR evolved as a “paradigm with multiple methodologies within it and 
multiple approaches” (A12). 

The pivotal aim, as articulated by the researchers, was to “legitimize doing 
design-oriented research” (A10) within IS, recognizing DSR as a “scientific app-
roach” (A10) that leverages the “scientific method” (A6). The validation was 
especially crucial given that in the early 2000s many young scholars faced dif-
ficulties when their work was evaluated by reviewers unfamiliar with or biased 
against this emerging paradigm. Prior to the aforementioned milestone, “thou-
sands of researchers did design-oriented research in the 1980s and 1990s, espe-
cially in Europe” (A10), but they faced challenges in gaining recognition in top 
IS journals. Authors hoped to provide a theoretical foundation that could be 
easily recognized by reviewers and editors alike, who previously struggled with a 
lack of expertise in the area. One interviewee noted the initial resistance and the 
need for a concerted effort to educate and convince the academic community of 
DSR’s validity. The challenge was further compounded by the novelty of DSR, 
as it “required a lot of expertise from the editors, and in many cases, it was new. 
The expertise in the editors just wasn’t there” (A12). Therefore, the quest to 
establish DSR as a recognized scientific discipline was as much about advancing 
research practices as it was about fostering understanding and acceptance within 
the academic publishing landscape.
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Guidance. DSR evolved through the efforts of scholars grappling with its 
methodological foundations. One researcher reflected, “I was struggling a bit 
because there was no guidance for doing design science research” (A9). Others 
noted challenges of existing approaches: “I don’t really like this model. It was too, 
too abstract, too high level, and it was difficult to sort of think about how would 
I plan my PhD study if I would start with this figure” (A10). This situation 
inspired the development of new articles, particularly for novices, where a “part 
was needed, that is a set of steps. First do this, then do this, then do this, then 
do that” (A9). The aim has been to foster a shared language in the DSR commu-
nity without imposing unnecessary gatekeeping. These reflections highlight the 
ongoing dialogue in DSR about balancing structure, flexibility, and inclusivity. 

Reflecting on whether the authors would change their works in hindsight, 
most concluded their work represents “a product of its time” (A8) encapsulat-
ing contemporary thinking. One author articulated, “I don’t think we’d change 
anything. [...] I think it provided the right, if you will, foundation for additional 
thinking” (A13). Another noted, “I’m not sure there’s anything I would change 
at this point in time in the paper. It seems to be enduring” (A12). Furthermore, 
the timeless nature of conceptual papers is underscored by the thought that they 
are “independent of technology and time, more or less” (A3). As another inter-
viewee reflected, “I wouldn’t change the paper that much [...] it sort of captures 
our thinking in years 2005, 2007 [...] and it has lasted quite well” (A8). 

4.2 Current Challenges 

Complexity. The complexity of the design process is a diverse theme. It can 
be further split into the topics planning & organizing, intermediate artifacts, 
iterative, agility, and stopping. These individual topics are illustrated in the 
following. 

Planning and Organizing. While planning is critical, it must be flexible enough 
to accommodate the unpredictability of real-world dynamics. One scholar high-
lighted this balance, noting, “I mean, you have to have a discipline of planning. 
But as Mike Tyson would say, once you get punched in the face, the plan goes 
out the window. Well, it doesn’t really go out the window because the discipline 
of planning is still there. However, you need to be cognizant of the emergent 
capabilities of the real world” (A13). The complexity increases when planning 
over extended timelines. As one researcher reflected, “if I need to set out the 
layout for design research, which goes through all those phases, and today I plan 
how I am going to evaluate it in two years or three years’ time [...] I have hardly 
understood [the problem] in the very beginning. And of course, I have no clue 
of the solution, really” (A11). This underscores the need to blend structured 
methods with openness to change, allowing researchers to align their work with 
objectives, constraints, and emerging opportunities: “I’ve always been a great fan 
of doing design science research the way you would like to do it [...] Regarding 
your objective, your constraints, and the opportunities you also face in a certain 
project” (A11).
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Intermediate Artifacts. Researchers struggle to package their work. As one 
scholar noted, if “you have a complex artifact, a complex process, lots of stake-
holders, and a complex problem, it’s really hard to document the complete pro-
cess from problem analysis” (A10). Under this light, another author warned to 
not “lose the whole complexity and the whole interesting problem only because 
you cannot publish it in a simple conference paper” (A11). It is crucial to “not 
oversimplify and go the simple way and the easy way, because at the end, the 
simplistic and easy artifacts won’t really help society and won’t really help the 
discipline” (A11). The concept of intermediate artifacts emerged in our author-
informed review to address these challenges. One scholar emphasized, “in our 
paper, we call this intermediate artifacts” (A10), advocating for their legitimacy 
in scholarly publications: “I [...] hope that this paper [...] legitimizes that people 
submit intermediate artifacts and portions of the design process” (A10). This 
approach not only accommodates the complexity of DSR but also encourages 
researchers to “cut out a piece of the design project and publish it as a separate 
contribution” (A10), thereby creating opportunities for cumulative knowledge 
building and reusing of knowledge. These pieces (also called “chunks” (A11) or 
“echelons” (A10)) allow researchers to focus on specific parts of the design process 
(e.g., problem understanding). 

Iterative. As one scholar observed, “design science research really is not a linear 
process” (A11), emphasizing that “the real design science research in the real 
world is never that linear” (A11). This iterative nature allows researchers to 
adapt to emergent insights, revisiting earlier phases upon finding “that you’re 
designing for the wrong thing” (A5). A central characteristic of this approach 
is the build-evaluate-intervene cycle, where each iteration transforms both the 
solution and its environment: “Once you build something, you evaluate it. You 
feel that it has potential to improve an environment. Once you intervene in that 
environment, you’ve changed the environment. You’ve changed the problem for 
the next cycle” (A13). 

Agility. Iterative methods also enable researchers to integrate lessons learned 
from one phase into subsequent activities, fostering agility: “If you run through 
those phases in a linear way, you kind of do not learn much from the result of the 
one phase” (A11). Instead, the iterative approach encourages agility and respon-
siveness, embodying the philosophy that “design science is a journey through 
space and time” (A11). This perspective aligns with the principles of agile meth-
ods, which, as another scholar noted, contrasts sharply with the “waterfall-y” 
(A11) tendencies sometimes seen in DSR: “We teach agile methods in software 
engineering. I always thought, Why are we so non-agile?” (A11). One author 
remarked “you have to be also always agile with your feet when you’re doing 
these DSR, because things will not go in the way that you have planned always. 
Sometimes they do, but most often not. Especially if you’re working with indus-
try, you know, surprising things happen, always” (A8). 

Stopping. The complexity inherent in DSR extends not only to planning, iterative 
cycles, and intermediate artifacts but also to determining when to stop. As one
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scholar noted, “I think it’s still an opportunity for folks to work on the stopping 
rule. [...] When is [the artifact] ready to be unveiled? When is it ready to be 
tested? We don’t know that. We all just guess right now” (A4). This uncertainty 
reflects the ongoing tension between achieving sufficient refinement and avoiding 
overinvestment in endless iterations. 

Rigor. The challenge of rigorous evaluation reflects the dual nature of DSR, 
where design and evaluation must coexist in a productive tension. This tension 
was reflected by one author: “You’ve got to sometimes make a decision. Do you 
focus on the actual artifact, and then the people will say, Well, you haven’t 
tested it properly. And if you go too much into the testing, then they’ll start 
to look for a full-blown behavioral science experimental setup. And sometimes, 
for our people, it’s hard for them to do that properly” (A2). As one scholar 
succinctly put it, “we try to design and evaluate concurrently innovative solutions 
to real-world problems” (A11), underscoring the importance of navigating this 
complexity to produce impactful, credible research outcomes. Evaluation is not 
merely a concluding step but an integral part of the entire research process. As 
one expert noted, “I found it very important to evaluate not only at the end of the 
process but also during the process” (A10). However, achieving this level of rigor 
often feels overwhelming: “In effect, [you] conduct two research projects: A design 
project and an evaluation project” (A9). Despite its importance, evaluation is 
resource-intensive and can strain researchers’ capacity: “You can’t just spend 
massive amounts of resources on conducting evaluations” (A9). It often becomes 
a balancing act, where compromises must be made between depth of evaluation 
and the practicality of conducting a comprehensive study. At the same time, 
building and testing are inherently interconnected, as “how much evaluation is 
built into [the building process]” (A4) can itself be a marker of rigor, showing 
that evaluation is not merely a separate phase but an embedded contribution. 

Positioning. Effective positioning begins with identifying where to start and 
how the research builds on existing work: “We argue towards starting some-
where where it makes sense, also where others have stopped, and kind of you 
stand on the shoulders of giants” (A11). This requires researchers to ground their 
work in prior knowledge, carefully defining the boundaries of their contributions 
and clearly articulating the advancements made. Positioning also involves mov-
ing from a specific problem toward generalizable insights. As one expert noted, 
“why we also did talk about abstraction a lot, which is a key theme here, where 
abstraction is important to help build a cumulative tradition” (A1). The process 
of defining and articulating the problem is foundational for effective position-
ing: “The first real artifact that you build is a representation of your problem 
with appropriate boundaries, with appropriate goals for your project” (A13). 
Understanding the problem deeply and aligning the research objectives with 
the intended contribution ensures that the resulting work is both relevant and 
impactful: “In the end, the contribution needs to be very clear and say, Okay, 
that’s really the advancement this design research has made” (A11).
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4.3 Future Directions 

The future of DSR holds immense potential, with opportunities limited only by 
the ambition and creativity of its adjacent researchers. As one expert noted, “the 
sky is the limit in terms of what somebody starting out today can do” (A4). In 
the following section, we describe, through the lens of the interviewed authors, 
how the challenges of the previous chapter relate to potential advancements 
in the field of DSR. The future directions sourcing from these challenges are 
supplemented with comments from authors on the future of the field. They are 
presented in Table 3 with a short description. 

Table 3. Themes for the Future of DSR 

Direction Description 
Advance the Concept of 
Intermediate Artifacts 

Promote the legitimacy of intermediate artifacts as scholarly 
contributions. It encourages publishing reusable components 
of the design process to foster cumulative knowledge building 
and broader applicability of findings. 

Encourage Diversity in 
Research Approaches 

Foundational works like [ 16, 23] are pivotal but may limit 
innovation. Researchers should embrace diverse and modern 
approaches to advance DSR. 

Foster Iterative and Adaptive 
Approaches 

Iterative processes should be recognized and further explored 
as a core characteristic of DSR. By moving away from linear 
approaches, researchers can navigate the unpredictability of 
real-world projects and incorporate lessons learned at every 
stage of the research process. 

Foster Transdisciplinarity 
Integration 

Extend DSR beyond its traditional domains. By balancing 
explanatory and design-focused approaches, DSR can 
cross-fertilize with other disciplines. 

Strengthen Clinical Inquiry Prioritize clinical inquiry by fostering deeper collaborations 
with practitioners. Shift from theoretical discussions to 
impactful, hands-on projects, bridging the rich problem and 
solution spaces of today’s socio-technical landscape. 

Leveraging Technology for 
Societal Impact 

Leverage emerging technologies to design artifacts addressing 
societal and business challenges, balancing specificity with 
generalizability. 

Value Creation. DSR has transformative potential for driving meaningful 
change in society. As one expert passionately advocated, “let’s do world domina-
tion with design” (A1), reflecting the ambition to extend DSR’s influence. Central 
to this ambition is the goal of making a tangible difference, as another expert 
noted, “we want to make a difference in the world” (A13). This involves not just 
solving problems but addressing broader societal challenges—ethical consider-
ations included. As one participant reflected, “we change the world, but do we 
always change it for the better?” (A13), emphasizing the responsibility inherent 
in DSR to contribute positively. “It’s great to take tiny steps that eventually
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lead to something bigger,” one expert noted (A11), illustrating the cumulative 
impact of DSR initiatives. Beyond societal contributions, DSR holds promise for 
the IS field itself, as it has strong relevance and impact: “Can be more recognized 
for the great things we are doing” (A11). Ultimately, DSR is positioned as “a 
recipe for a future world” (A12), crafting pathways to a better, more equitable 
future while cementing its place as a pivotal research approach. Furthermore, 
DSR aligns naturally with global initiatives, such as the UN Sustainable Devel-
opment Goals, providing a framework for improving health, education, poverty 
reduction, and environmental sustainability. A participant highlights its role in 
this context, stating, “Improving the quality of life [...] building and developing 
new artifacts for doing it is, of course, an important thing to do” (A9). 

One of the defining strengths of DSR lies in its holistic approach, combining 
technological innovation with a deep understanding of environmental, behav-
ioral, and organizational factors. “With the training that people in DSR get [...] 
we have the ability to create new things” (A4). The accelerating pace of techno-
logical change further amplifies the relevance and urgency of DSR. While technol-
ogy can sometimes constrain creativity, it also offers unprecedented opportunities 
for innovation: “Technology is running at warp speed. Our work is never done” 
(A7); “There is so much you can do” (A4). This duality requires researchers to 
embrace both the challenges and possibilities of the technological landscape. As 
one participant emphasized, “I want to see more and more excitement about the 
creative nature of DSR [...] If we do that, we can start or continue or even more 
effectively influence the major trends that are happening in the world today” 
(A5). 

Transdisciplinarity. DSR evolved as a combination of different research 
streams and has immense potential to transcend its traditional boundaries and 
contribute to a wide range of disciplines: “DSR has the opportunity to make 
contributions across multiple disciplines” (A5). One expert emphasizes the need 
for an ambidextrous approach, blending explanation with design: “With expla-
nation, you can analyze a problem or a solution. But it is the design bit that 
actually gives you another means and relationship” (A6). This balance is critical 
to addressing the current imbalance in fields such as entrepreneurship, which 
are “dominated by descriptive and explanatory research” (A6). As one partici-
pant noted, “The concepts and ideas of design science research are relevant to all 
applied disciplines” (A9). The future of DSR lies in embracing transdisciplinarity 
by extending its methodologies and insights to diverse applied disciplines and 
fostering collaboration for sharing design and process knowledge across social 
sciences and beyond: “I think we’re here to work and collaborate effectively to 
make an impact. So, you know, I don’t think we dominate other methodologies. 
I think we collaborate with other methodologies very well. It’s [...] not an either 
or decision” (A13). This approach not only enhances the relevance of DSR but 
also positions it as a critical enabler of impactful research across fields. As one 
expert noted, “there’s a lot to learn from other applied disciplines, and there’s a 
lot that we can cross-fertilize with other applied disciplines” (A9).
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Clinical Inquiry. The future of DSR increasingly emphasizes clinical inquiry— 
engaging directly with real-world problems through collaborative, hands-on 
approaches [ 6]. One expert highlighted the value of co-creation: “Experimen-
tal processes and really co-create and co-deliver, co-evaluate with customers, 
both an understanding of the discovery of the problem customers are facing and 
the co-creation, co-development, and co-evaluation with customers of a novel 
product or service” (A5). This partnership-driven approach not only aligns with 
industry needs but also empowers researchers and students alike, demonstrating 
their ability to effect tangible change. Scholars are encouraged to focus on com-
plex, practical challenges and actively work alongside practitioners. Moreover, 
DSR offers a unique opportunity to infuse rigor into industry innovation, with 
one practitioner remarking, “the industry is more than willing to engage with us. 
But we have to show up” (A4). By creating socio-technical solutions, scholars 
can bridge a “super-rich solution space” (A11) with a “super-rich [...] problem 
space” (A11) to address pressing societal and organizational challenges. Clinical 
inquiry also calls for a shift in academic practice. As one scholar suggested, “we 
should do more projects, not only papers [...] talking about how to do it, but 
actually do[ing] it” (A11). This vision for DSR is not merely aspirational—it 
represents a call to action for the community to deepen its impact, expand its 
engagement with industry, and deliver transformative innovations that resonate 
across society: “I would like to recommend everybody: stand up, leave your desk, 
go out there in the wild, engage with real people, and try to contribute what 
you can to joint solutions. And that, of course, also includes very many other 
disciplines and other regions around the world. The more, the merrier” (A11). 

Evolution. While foundational works like [ 16, 23] have provided crucial frame-
works, there is a concern that they constrain innovation in DSR methodolo-
gies. As one expert highlighted, “most of the work that’s done in design sci-
ence research really anchors itself to about, I don’t know, maybe four different 
methods” (A12), suggesting the need to explore beyond these commonly uti-
lized approaches. Another added, “we don’t have to have one method or even 
four methods. I think there’s room for more than that” (A12). This recogni-
tion opens the door for experimentation and acceptance of new ways to conduct 
DSR. As one author put it, “I think it’s about time for us to grow out of that and 
begin to accept that there are many different ways to do design science research” 
(A12). Circling back, one author commented “don’t always look at Hevner et al. 
(2004) and Peffers et al. (2007). There is more modern stuff that we need and 
that we should use” (A10). Thus, the evolution of DSR requires researchers to 
move beyond relying on a limited set of methodologies, which will encourage 
diversity and adaptability in research approaches. 

5 Discussion 

The increase of emergent technologies and the growing adoption of DSR method-
ologies present novel methodological and theoretical challenges that require sys-
tematic investigation [ 7]. To establish a comprehensive understanding of how
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to address these future challenges, we conducted interviews with the authors of 
highly cited seminal DSR literature. We synthesized key themes and research 
directions based on the authors’ perspectives. The comments and issues raised 
during the interviews often overlap, meaning they cannot be neatly categorized 
as specific to the past, present, or future. One of the pressing issues raised in our 
author-informed review relates to the dynamics of the author-editor-reviewer tri-
angle [ 1]. This construct represents the vigorous and interdependent relationship 
among these roles in the academic publishing process. 

DSR papers face diverse and, at times, inappropriate feedback during the 
review process [ 13]. This often stems from the varying levels of familiarity review-
ers have with the methodological foundations and goals of DSR [ 11]. Even two 
decades after Hevner et al.’s [ 16] seminal paper on design science, authors still 
risk having their work evaluated by individuals who lack an understanding of 
its unique methodological underpinnings [ 1]. This pattern seems to reoccur as 
the field evolves. Authors proposing novel DSR approaches face similar issues to 
those encountered during the early days of the field [ 30]. Just as in the past, edi-
tors and reviewers unfamiliar with the innovation, e.g., design-oriented machine 
learning, struggle to evaluate it fairly, highlighting a persistent gap in under-
standing new methodologies [ 21]. This disconnect creates a cycle where innova-
tive contributions are undervalued or misunderstood, hindering the field’s growth 
[ 1]. Furthermore, there is a need for dedicated editorials or special issues in jour-
nals to establish and legitimize emerging research approaches, enabling others to 
build on them [ 5]. In turn, authors must familiarize themselves with these edi-
torials and seminal papers of the field to avoid repeating the mistakes outlined 
within them [ 1, 7, 13]. 

In our review, the interviewed authors frequently emphasized that our world 
is not becoming simpler; rather, it is constantly changing and becoming increas-
ingly complex, causing applicability issues of design knowledge in real-world 
settings [ 19, 28]. Despite this, there is a noticeable trend within the field toward 
producing simpler, more easily publishable research. This trend is compounded 
by efforts to make DSR more accessible to young scholars, aiming to lower barri-
ers and reduce complexity, which creates an intriguing ambivalence and duality: 
while simplification can open up the field, it risks oversimplifying complex real-
ities. Historically, the mantra “complexity is death” (Chuck Thacker) notably 
echoed by Microsoft, has suggested that we avoid complexity at all costs. How-
ever, the current paradigm has shifted to embracing the intricacies of contem-
porary issues, suggesting that we must now design for complexity [ 7, 28]. To 
address the potential drawbacks of oversimplification, it will become essential to 
foster a cumulative tradition within DSR. Embracing intermediate contributions 
can mitigate the risk of reducing complex societal and disciplinary challenges to 
oversimplified solutions [ 1]. These intermediate artifacts enable researchers to 
build a robust body of work that captures the complexity of issues and solutions 
over time, rather than compressing them into a single, simplified narrative [ 1]. 

This work is not free of limitations. Our study focuses primarily on authors 
of seminal and impactful DSR publications. While the selected experts represent
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influential contributions, the findings might not fully generalize to all DSR com-
munities. Thus, we emphasize a potential selection bias, particularly relevant 
for less cited but innovative domains or emerging areas of research. While the 
advice shared by experts is valuable, it may reflect the career trajectories and 
contexts of seasoned scholars, which might not fully align with the challenges 
faced by early career researchers today. Further, authors might have rational-
ized or reinterpreted their past decisions based on current knowledge, rather 
than accurately recalling their original motivations and challenges. Hence, the 
retrospective nature of the interviews might be influenced by hindsight bias. 
We tried to counter this constraint by integrating recent works as well, but this 
limitation might still be present. 

Based on the identified limitations, future research could broaden the scope 
of participant selection to include a wider array of DSR authors, especially those 
from less cited or emerging domains. Incorporating methodological triangulation 
by utilizing additional data sources, like bibliometric analyses or surveys, could 
enhance the robustness of findings by providing diverse perspectives and quan-
titative data [ 3, 4, 21]. Lastly, reflecting on the practical application of design 
science in IS could reveal the practical challenges and strategies involved in 
implementing DSR theories [ 11]. 

6 Conclusion 

This study contributes to the ongoing evolution of DSR by engaging directly 
with the authors of these seminal works. By treating seminal works as evolv-
ing “artifacts,” this review extends the iterative philosophy of DSR, ensuring 
these foundational contributions adapt over time. Through in-depth interviews, 
this research highlights the enduring relevance of past contributions as well as 
anticipates future developments, serving as a resource for understanding DSR’s 
trajectory. We contribute to the field by identifying and synthesizing 10 key 
themes representing lessons from the past, current challenges, and future direc-
tions of DSR. We highlight that contemporary advancements of DSR are deeply 
rooted in the seminal contributions of pioneering thinkers. Many foundational 
papers in DSR emerged from scholars who, during their early academic careers, 
encountered significant hurdles in publishing their innovative ideas. The resulting 
seminal papers were motivated by a desire to help others navigate the intrica-
cies of conducting and publishing in the field. Further, we offer a structured lens 
through which others can address the inherent challenges of DSR, from managing 
transdisciplinary collaboration to ensuring rigor and transparency in the design 
process. Moreover, the identified themes emphasize the importance of creating 
practical value and adapting to evolving methods. Looking to the future, explicit 
pathways for DSR include advancing the concept of intermediate artifacts to fos-
ter cumulative knowledge, encouraging diversity in research approaches to pro-
mote innovation, and fostering iterative and adaptive approaches for navigating 
real-world unpredictabilities.
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Abstract. Design Science Research (DSR) aims to create rigorous, innovative 
artifacts and produce actionable design knowledge, but translating high-level 
prescriptions like design principles into tangible implementations remains chal-
lenging. We position design features as mid-level constructs that operationalize 
abstract guidance into concrete functionalities. Drawing on a systematic review 
of 34 DSR studies contributing 233 design features, we show how inconsistent 
characterizations complicate their reuse. To address this gap, we propose a two-
dimensional framework across six artifact layers and three levels of abstraction, 
clarifying how design features link theoretical prescriptions to real-world instanti-
ations while retaining flexibility. Building on these insights, we offer guidelines for 
formulating design features to enhance traceability, foster reusability, and support 
iterative refinement. We then illustrate their application in one case. By systemat-
ically documenting design features with clarity and precision, DSR scholars can 
more effectively bridge abstract knowledge and practical development, ultimately 
strengthening the rigor and impact of DSR. 

Keywords: Design Science Research · Design Feature · Design Principle · 
Design Theory · Design Knowledge · Artifact · Abstraction 

1 Introduction 

Design Science Research (DSR) focuses on the creation of innovative artifacts, such as 
software systems, methods, and models, to address real-world problems while simulta-
neously producing actionable knowledge for both researchers and practitioners [1, 2]. 
A core challenge in DSR lies in translating the abstract design knowledge into practical 
implementations (e.g., software prototypes, organizational interventions). Although con-
cepts like design principles (DPs) [3] provide high-level prescriptions, researchers have 
increasingly noted the difficulty of moving from these general guidelines to concrete 
artifact instantiations [4, 5]. This gap often limits the transferability and replicability 
of DSR findings, as practitioners may struggle to operationalize abstract prescriptions 
within specific contexts [6]. Against this backdrop, “design features” have emerged in
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multiple studies [7–9] as bridging elements: they reside between conceptual DPs and 
tangible artifacts, helping translate “what” should be done into the “how” of implemen-
tation [10]. By breaking down abstract guidance into systematic, feature-level elements, 
researchers and practitioners can more effectively specify, evaluate, and refine the con-
crete functionality or characteristics of an artifact [3, 7]. In turn, this mid-level abstraction 
facilitates traceability, linking DPs back to user needs and forward to working systems, 
and fosters cumulative knowledge building, as these documented features can be adapted 
and extended across subsequent projects [2]. 

Despite the growing interest in design features, there remains a lack of conceptual 
clarity regarding their exact nature, role, and relationship to other forms of design knowl-
edge [11]. Existing literature uses a variety of terms (e.g., “technological rules,” [10] 
“mechanisms,” [3] “features,” [7, 11] “design knowledge chunks” [2]), often leaving 
ambiguity about how these constructs compare and how best to conceptualize or imple-
ment them in DSR. Moreover, the inconsistent formulation of design features can ham-
per their reusability in practical settings, complicate collaboration between stakeholders, 
and limit the broader accumulation of design knowledge. To address this gap, this paper 
investigates the relevance of design features in DSR and their role in operationalizing 
abstract knowledge into tangible artifacts. We also propose recommendations for sys-
tematically formulating design features to mitigate inconsistencies and enhance their 
practical applicability. Specifically, we seek to answer the following research question 
(RQ): 

How can we conceptualize and define “design features” so that they effectively 
bridge abstract design knowledge (e.g., DPs) and tangible instantiations in DSR 
while ensuring greater clarity, consistency, and reusability? 

In what follows, we first review the foundational concepts of design knowledge and the 
existing references to design features, establishing a common vocabulary and situating 
our work within prior research. We then present our methodology, which involved a 
systematic literature review of DSR publications that explicitly referred to or employed 
“design features.” Through this process, we identified 34 relevant studies and extracted 
233 unique design features. Next, we classified these features across two complementary 
dimensions: a six-layer classification to capture the primary functional or organizational 
domain of each feature and three levels of abstraction (high, medium, low) to assess 
how specific or generic each feature’s formulation was. We then analyzed the resulting 
classification to understand where in the design stack each feature primarily operates 
and how broadly or narrowly it is prescribed. This analysis forms the basis for our sub-
sequent discussion of design feature conceptualization, formulation recommendations, 
and their implications for bridging abstract design knowledge with tangible artifact 
implementations.
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2 Background and Related Work 

2.1 Types of Design Knowledge 

DSR aims to create and evaluate IT artifacts while simultaneously generating design 
knowledge to guide future research and practice [1, 2]. In this paper, we draw on sev-
eral interrelated concepts that capture different levels of abstraction and prescription in 
DSR. Although DSR includes various constructs (e.g., models, methods, frameworks), 
we focus here specifically on constructs that operationalize abstract design knowledge. 
Table 1 summarizes these selected constructs. 

Table 1. Overview of Key Constructs Operationalizing Design Knowledge 

Type Classification Definition and connection 

User story [12] Not itself design knowledge but 
input to forming design knowledge 

Definition: A short, narrative 
statement capturing a user’s need 
or requirement, often in an agile 
development context 
Connection: Provides contextual 
insights that influence MRs and 
DPs; contributes to refining design 
features to better serve end-user 
needs 

Kernel theory [13] External theoretical knowledge 
that informs design knowledge 

Definition: Foundational theories 
from other disciplines (e.g., 
natural, social, or design sciences) 
that provide abstract constructs and 
empirical insights to inform design 
knowledge construction 
Connection: Informs the 
derivation of MRs and 
DPs—Linking validated external 
knowledge to the concrete design 
prescriptions and implementations 

MR [5, 14] Design knowledge 
(requirements-oriented) 

Definition: High-level or abstract 
requirements describing the goals 
and needs that a class of artifacts 
should fulfill 
Connection: Captures underlying 
needs or problem statements 
guiding the solution space. Derived 
from user stories, kernel theories, 
or empirical studies; informs DPs 
and thereby influences the 
specification of design features

(continued)
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Table 1. (continued)

Type Classification Definition and connection

DP [3] Design knowledge 
(principles-level) 

Definition: Prescriptive, abstract 
guidance linking design actions 
(means) to desired outcomes (ends) 
Connection: Provides actionable 
guidelines to implement artifacts 
that satisfy MRs; reflects 
theoretical underpinnings to ensure 
rigor in solution development. 
Directly influences which design 
features are selected and how they 
are instantiated 

Design feature (see 
Table 2) 

Design knowledge (feature-level) Definition: Concrete, tangible 
characteristics of an artifact that 
operationalize one or more DPs 
Connection: Bridges the gap 
between abstract DPs and 
real-world artifact instantiations; 
enables practical realization of 
design knowledge. Shapes the final 
artifact’s functionality, user 
experience, and overall design 

Instantiation [15] Design entity (embodiment of 
design knowledge) 

Definition: A realized artifact 
(e.g., software system, prototype, 
process) embodying the MRs, DPs, 
and design features 
Connection: Demonstrates how 
DPs and design features function in 
practice, serving as an evaluable 
outcome of the design process. 
Represents the culmination of 
MRs, DPs, and design features in a 
tangible form; provides feedback 
for refinement of theories 

Design theory [10, 
14] 

Higher-level synthesis of design 
knowledge and outcomes (the 
“product-framework”) 

Definition: A comprehensive, 
abstract representation of the 
relationships between constructs, 
principles, and outcomes in a 
design context 
Connection: Explains, predicts, 
and prescribes how design 
knowledge leads to effective 
solutions. Integrates MRs, DPs, 
justificatory knowledge, and 
instantiations; design features are a 
link from theory to artifact
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At the most context-specific level, user stories [12] provide short, narrative state-
ments capturing individual user needs or requirements. These stories often inform the 
derivation of meta-requirements (MRs) [5, 14], which shift from user-centric anecdotes 
to more abstract goals that a class of artifacts should fulfill. In practice, many DSR papers 
derive MRs from user stories, kernel theories, or a combination of both, thereby bridg-
ing practical stakeholder requirements with established theoretical knowledge. Likewise, 
kernel theories [14] can serve as foundational disciplinary knowledge that informs and 
justifies the derivation of meta-requirements and design principles. MRs, in turn, help 
researchers formulate DPs [3, 10], which prescribe how a solution’s actions or mecha-
nisms (means) can produce intended outcomes (ends) in a given context. To bridge these 
higher-level principles and the final system, design features translate abstract guidance 
into concrete, tangible characteristics of an artifact [7, 8]. Such features might specify 
system functionalities, user-interface patterns, or data-handling mechanisms, thus ren-
dering the “how to implement” aspect of DPs more explicit. These design features then 
form the basis for creating instantiations—the realized artifacts, prototypes, or processes 
that embody all preceding forms of design knowledge [2, 15]. Finally, when researchers 
integrate the insights gained from evaluating these instantiations into broader explanatory 
and predictive frameworks, they create or refine design theory [10, 14]. By understand-
ing how user stories, MRs, DPs, design features, and instantiations interrelate, scholars 
and practitioners can develop a cumulative body of DSR knowledge that remains both 
theoretically rigorous and practically transferable. 

2.2 Design Feature Concepts 

Numerous DSR studies use the term “design feature” (or a closely related notion) to 
denote a tangible, operational aspect of an artifact that arises from more abstract design 
knowledge such as DPs [7, 16–22]. Although the terminology and emphasis vary, schol-
ars consistently position design features as bridging elements—converting high-level 
prescriptions (e.g., DPs) into concrete instantiations [7, 8]. Table 2 illustrates how var-
ious authors define or refer to these mid-level constructs and underscores their role in 
linking theoretical prescriptions to actual system functionalities, user-interface compo-
nents, or process workflows. Taken together, these contributions suggest that design 
features represent a critical mid-level abstraction: more concrete than DPs, yet flexible 
enough to be adapted across different contexts. This duality not only facilitates traceabil-
ity from principle to artifact, allowing researchers to pinpoint how abstract guidelines 
materialize in specific system elements, but also supports the accumulation and reuse 
of design knowledge [2, 4]. Because design features are documented and codified in a 
way that is readily understandable to practitioners [7, 8], they can be carried forward 
into subsequent projects or adapted to new domains, thereby promoting both theoretical 
rigor and practical applicability. 

The table further reveals consistent themes regarding design features, despite the 
use of different terms such as “technological rules,” “mechanisms,” or “design entities.” 
In each case, authors emphasize that features make abstract prescriptions actionable 
by offering more detailed guidance for artifact creation. Some studies elaborate on 
how specific design features can be derived directly from DPs [7], while others discuss 
these elements as a lower-level construct beneath broader design theories [9, 11]. In



The Relevance of Design Features 121

all instances, however, the shared implication is that design features expedite practical 
implementation, enabling researchers and practitioners to achieve consistent outcomes 
while refining their design knowledge in an iterative, reusable manner.

Table 2. Design feature related concepts 

Design feature related 
concept 

Definition Implications for DSR 

Gregor and Jones [10]: 
“technological rules for 
implementation” 

Prescriptive statements 
specifying how to implement 
design theory in practice (“if 
you want Y in Z, do X”) 

Bridges abstract designs 
(principles) and real-world 
artifacts; clarifies actionable 
steps; promotes replicability 
and refinement 

Möller et al. [8]: “design 
features” 

Concrete system functionalities 
or attributes that operationalize 
higher-level prescriptions in a 
specific solution context 

Offers greater granularity than 
abstract DPs; supports 
traceability and iterative 
refinement of tangible system 
elements 

Möller et al. [11]: 
“feature” 

Subsequent, more concrete 
element that follows DPs; part 
of a four-dimensional solution 
space taxonomy 

Positions features after 
principles in design processes; 
underscores “bridge to 
implementation” while not 
treating them as a stand-alone 
mechanism 

Meth et al. [7]: “design 
features” (operationalizing 
each DP) 

Artifact capabilities that realize 
higher-level DPs (e.g., “manual 
mining,” “automatic mining”) 

Demonstrates explicit mapping 
from principle to feature; 
highlights traceability and 
reusability in top-tier DSR 
publications 

Gregor et al. [3]: 
“mechanisms” 

In the “anatomy of a DP,” 
mechanisms specify how an 
abstract principle can be 
operationalized, either via 
technological functions, human 
actions, or a combination of 
both, to achieve an intended 
outcome for a user in a given 
context. Mechanisms may thus 
be partly deterministic (e.g., 
automated system processes) or 
affordance-based (e.g., user 
actions enabled by the artifact) 

Although mechanisms can 
serve a bridging 
function—Translating 
high-level prescriptions into 
implementable steps—They are 
not necessarily identical to 
“design features”. In their 
usage, a mechanism might 
include both the technical 
artifact and user behaviors that 
enact it, highlighting 
sociotechnical interactions 
grounded in justificatory 
knowledge rather than purely 
technical functionalities

(continued)
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Table 2. (continued)

Design feature related
concept

Definition Implications for DSR

Gregor and Hevner [15]: 
“level 1 artifact”, not 
explicitly named “feature” 

Focus on five artifact forms 
(constructs, models, methods, 
instantiations, and design 
theories) and three level view; 
no separate feature-level 
concept 

Encourages clarity about 
artifact maturity (from partial 
to full theory); sees “features” 
as embedded in concrete or 
abstract artifacts 

Wache et al. [9]: “design 
features” 

A more concrete level below 
DPs, used to implement broad 
prescriptions in actual chatbot 
systems 

Emphasizes abstraction 
continuum; highlights 
reusability of general principles 
but underscores the need for 
concrete, contextual features 

Iivari [5]: “design 
decisions” 

Argues that not all design 
knowledge must be a full 
design theory; partial or 
lower-level design artifacts can 
be valuable 

Encourages acknowledging 
smaller, practice-focused 
contributions without forcing 
them into “theory”; sees 
“features” as useful design 
knowledge 

vom Brocke et al. [2]: 
“design knowledge 
chunk” and  “design 
entity” 

Modular prescriptive 
knowledge about how an 
artifact addresses a problem; 
not specifically labeled 
“feature” 

Stresses iterative accumulation 
and evolution of modular 
design knowledge; features fit 
as part of an evolving solution 
space 

Apel and Kästner [23]: 
“feature” 

A cohesive unit of functionality 
that represents a design 
decision or stakeholder 
requirement. In 
feature-oriented software 
development, features serve as 
building blocks that can be 
combined, customized, or 
omitted to form different 
software variants in a product 
line 

Although originating outside 
the traditional IS research 
domain, this work underscores 
how feature-based 
decomposition supports 
reusability and variability, 
aligning well with DSR’S goals 
of systematically creating and 
evaluating artifacts. By 
structuring code and design 
decisions into feature modules, 
the approach highlights 
traceability from stakeholder 
requirements to artifact 
functionality

Moreover, by making cross-project transfer more straightforward, e.g., “feature 
libraries” or “design feature catalogs” that can be selectively applied to new problems, 
design features directly address a longstanding challenge in DSR: how to move beyond 
ad-hoc solutions and develop systematic, replicable approaches [4, 7, 8]. Documenting
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design features along with their underlying rationale (i.e., the DPs they operationalize) 
empowers organizations to accelerate innovation, reduce design complexity, and ensure 
that lessons learned in one setting can positively inform others. Consequently, a well-
defined set of design features not only strengthens the theoretical foundation of a DSR 
project but also heightens its practical impact by simplifying the adaptation of proven 
solutions across varied real-world scenarios.

Hence, building on these insights, we propose the following working definition of 
a design feature: A design feature is a mid-level DSR construct that operationalizes one 
or more DPs by specifying tangible, context-relevant functionalities or characteristics 
of an artifact. By offering traceable, reusable guidance linking abstract prescriptions 
to actual implementation details, design features bridge higher-level theory and the 
creation of real-world systems. They can be adapted and refined iteratively, thereby 
facilitating cross-project knowledge transfer and promoting systematic design. 

3 Research Methodology 

We used a dataset created in a prior literature review [24], which analyzed design knowl-
edge in the information systems research domain between 2011 and 2022 and was con-
ducted in early December 2022. That review applied a systematic literature review app-
roach aligned with Webster and Watson’s recommendations [6] and guided by PRISMA 
[7]. It yielded 3097 initial hits from the AIS eLibrary and selected basket-of-eight 
journals using queries such as “design principle” and conceptually related terms. 

Fig. 1. PRISMA flow diagram based on Page et al. (2021) Fig. 1 

After removing 14 duplicates, we screened 3083 abstracts and titles, retaining 682 
publications that addressed design artifacts or mid-level constructs. Next, we skimmed
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these 682 papers in full text to exclude 348 that did not operationalize bridging ele-
ments between higher-level prescriptions and concrete artifact instantiations (i.e., “non-
matching contexts”), leaving 334 that clearly contributed design knowledge. From those 
334 studies, we selected those that explicitly used or reported “design features” as 
operational instantiations of abstract design knowledge, arriving at a final set of 34 
publications. Two researchers then extracted every explicit design feature from these 
publications, assigning each a short descriptive name (e.g., “BERT-based final sequence 
extraction,” “Adaptive communication orientation”). In total, 233 unique design features 
were identified, extracted and analyzed. 

We then classified these 233 features according to two complementary dimensions. 
First, we mapped each feature onto a six-layer structure (see Table 3 in Sect. 4.1) that 
distinguishes which aspect of artifact design it addresses (e.g., user interface, data han-
dling, workflow coordination). This layered perspective emerged partly inductively from 
our coding (e.g., identifying recurring patterns such as “interaction features” vs. “data 
features”) and partly from multi-tier architecture thinking in software engineering, infor-
mation systems research perspectives and a process-science view. Specifically, layers 
1–3 (Interaction and engagement, functional/procedural, data and information Handling) 
mirror common user-interface, application logic, and data-management tiers [25]. Layer 
4 (Process and workflow orchestration) integrates recent process-science considerations 
[26], and layers 5 and 6 (Organizational/ecosystem structuring, human and social Inter-
ventions) reflect an information systems perspective on the relevance of organizations 
and their impact on humans [1]. When a design feature spanned multiple layers, we 
coded it based on its most dominant or distinctive intent. 

Second, building on the abstraction levels of vom Brocke et al. [2], we classified 
each feature by high, medium, or low, reflecting how broad or specific each feature’s 
prescription is. High-level features remain conceptual (e.g., “Provide multi-language 
support”), while low-level features pin down explicit technologies or domain constraints 
(e.g., “Implement BERT-based extraction using version X of library Y”). Medium-level 
features lie in between, referencing certain domain or technology specifics without fully 
committing to one narrowly defined solution. 

The full dataset of the extracted design features, their classification according to the 
two dimensions with a rationale for each classification, as well as a list of the 34 studies, 
can be downloaded from our digital appendix: https://doi.org/10.6084/m9.figshare.283 
23194. 

4 Analysis of Design Features in DSR Studies 

4.1 Layered Classification of Design Features 

We sorted each design feature into one of the six layers (Table 3). This classification 
helps clarify what aspect of artifact design a feature addresses—user interaction, core 
functionality, data handling, workflow orchestration, organizational structures, or socio-
behavioral interventions. Where appropriate, some design features could arguably fit 
multiple layers (e.g., a chatbot feature that includes both a user interface component and 
an underlying workflow). In such cases, we coded each feature by its most dominant or 
distinctive layer. We identified 52 design features under (1) Interaction and Engagement,

https://doi.org/10.6084/m9.figshare.28323194
https://doi.org/10.6084/m9.figshare.28323194
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86 under (2) Functional/Procedural, 36 under (3) Data and Information Handling, 14 
under (4) Process and Workflow Orchestration, 12 under (5) Organizational/Ecosystem 
Structuring, and 33 under (6) Human and Social Interventions. 

Most studies propose features in multiple layers, reflecting the interdisciplinary 
nature of DSR artifacts (e.g., a chatbot requiring both user-interface design and back-end

Table 3. Layer definition and illustrative design features 

Layer Definition/purpose Example 

1. Interaction and 
engagement 

Covers how end-users or 
stakeholders perceive, 
navigate, and interact with the 
artifact (digital or otherwise). 
Encompasses interfaces 
(physical, graphical, 
conversational, etc.) and 
mechanisms that foster 
engagement or user 
involvement 

“The enterprise chatbot should 
be able to display the current 
conversation context and its 
capabilities” [17] 

2. Functional/procedural Encompasses the “logic” or 
“mechanisms” that perform 
specific tasks, calculations, or 
procedures—Whether 
automated in software or 
carried out by humans. 
Represents the “how it works” 
aspect of the artifact 

“To increase the precision of 
the sequence extraction, a final 
selection of sequences is 
conducted by applying a 
bidirectional encoder 
representations from 
transformers (BERT) language 
representation model (DP1/2)” 
[18] 

3. Data and information 
handling 

Focuses on how data is 
collected, managed, stored, 
transformed, and shared. Also 
addresses data governance, 
privacy, security, and 
integration with external 
systems or data sources 

“Use APIs to create interfaces 
to existing data sources” [19] 

4. Process and workflow 
orchestration 

Encompasses coordination of 
tasks or activities across time 
and among different 
stakeholders or system 
components. May include 
business processes, 
organizational workflows, or 
collaborative routines 

“…enable actors to (re-) 
configure processes with 
standardized interfaces” [20]

(continued)
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Table 3. (continued)

Layer Definition/purpose Example

5. Organizational/ecosystem 
structuring 

Addresses the broader context 
in which the artifact operates: 
Roles, governance structures, 
multi-organizational networks, 
or ecosystem-level rules and 
partnerships. Captures 
institutional or structural 
design decisions 

“Orchestration activities must 
describe how the actors are 
being coordinated, directed, 
and influenced in an 
ecosystem” [21] 

6. Human and social 
interventions 

Encompasses any features or 
interventions designed to 
guide, influence, or support 
people (end-users, 
stakeholders, or broader 
communities). Includes 
training, motivation, behavior 
change, social collaboration, 
communication, or any 
socio-behavioral mechanisms 

“Awareness-raising 
approaches” [27] 

logic). Moreover, some features that appear purely “technical” (e.g., an NLP preprocess-
ing step) can incorporate social or organizational elements, such as domain-expert label-
ing, role assignments, or training sessions, if they require specific governance structures 
or are designed to motivate particular user behaviors.

4.2 Abstraction Levels of Design Features 

To better understand how general or specific each design feature is, we classified them 
according to three abstraction levels based on vom Brocke et al. [2]. Table 4 offers 
a definition and examples for each level, referencing real design features drawn from 
our dataset. In our sample, 52 of the identified design features fall into the low cate-
gory. These features typically mention a distinct software library, a brand-specific plat-
form, or a direct function with minimal room for alternative solutions (e.g., “Jira data 
with issue type ‘Improvement,’” “Implement BERT-based extraction,” “Store data in an 
independent verification system”). The medium category contains 174 design features, 
often referencing partially generic but still domain-relevant prescriptions (e.g., “adaptive 
communication orientation,” “ML-based data processing,” “user preference modeling”). 
Lastly, the remaining set comprises only seven high-level design features, offering more 
general guidance (e.g., motivational or ethical principles, governance guidelines, or 
universal warnings), with relatively little concrete implementation detail. 

Taken together, the layered perspective and abstraction-level assessment illustrate 
that “design features” act as a mid-range design construct in DSR, but they can vary 
substantially in scope and specificity. Some design features are nearly as abstract as
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Table 4. Design feature abstraction levels 

Abstraction level Definition Exemplary design feature 

High Very conceptual or strategic; broad 
guidelines without detailed 
technical specificity 

“The enterprise chatbot should not 
pretend to be a real human being” 
[17] or “A step for goal and vision 
formulation to align network-wide 
digital transformation strategy” [20] 

Medium Moderately detailed or partially 
domain-specific, indicating some 
technical or contextual specificity 
but not pinned to a single narrow 
solution 

“Preprocessing: Natural language 
processing techniques” [7] or “the  
ECB should develop a user model 
that stores the user’s preferred 
communication style” [17] 

Low Highly specific, often naming 
particular algorithms, 
technologies, or strict domain 
constraints 

“To increase the precision of the 
sequence extraction, a final selection 
of sequences is conducted by 
applying a bidirectional encoder 
representations from transformers 
(BERT) language representation 
model” [18] or “appointment 
reminder” [27] 

DPs (high); others are so technically precise (low) that they almost blur the boundary 
between a design feature and a coded implementation detail. Across our sampled stud-
ies, explicitly documenting these features (in whichever form or level of detail) helped 
foster traceability: they link abstract goals (e.g., “improve user engagement”) to the final 
artifact instantiation (e.g., “implement real-time feedback chatbots with BERT-based 
classification modules”). By doing so, design features can facilitate both the reusability 
of artifact components and the accumulation of design knowledge across contexts. 

5 Positioning and Classifying Design Features 

Design features occupy a “middle ground” between high-level design theories (e.g., DPs 
or design frameworks) and the concrete artifacts (or “design entities”) that researchers 
implement and evaluate. This section introduces two conceptual frameworks for under-
standing design features: (1) Layered positioning of features within an instantiated arti-
fact and (2) Abstraction levels between design theories and design entities. These frame-
works complement each other: The first clarifies where a feature resides in the overall 
architecture or organizational context, while the second clarifies how general or specific 
the feature is in relation to broader theory and narrower instantiations. 

5.1 Layers Within an Instantiated Artifact 

Figure 2 illustrates how the six layers we identified (Sect. 4.1) come together in the 
context of an instantiated artifact. The first three layers—interaction and engagement
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(1), functional/procedural (2), and data and information handling (3)—are typically the 
core “technical” layers of the solution. Process and workflow orchestration (4) then 
coordinates activities over time or across stakeholders, while organizational/ecosystem 
structuring (5) provides the broader governance or multi-party context in which the 
artifact operates. Finally, human and social interventions (6) addresses strategies for 
guiding, motivating, or supporting the people involved. For instance in the case of the 
study of Müller and Reuter-Oppermann [16]: A user interface (layer 1) for scheduling 
blood donations might rely on a notification logic (layer 2) connected to inventory 
data (layer 3), orchestrated by a workflow that triggers reminders (layer 4), subject to 
organizational policies around scheduling (layer 5), and possibly featuring motivational 
nudges encouraging donors (layer 6). By clearly locating each design feature within 
one (or possibly two) main layers, designers can ensure coherence among features and 
pinpoint potential gaps or overlaps. The vertical layers 4 and 6 illustrate how process 
orchestration and human and social interventions can span multiple layers, from interface 
design through data handling, ensuring cross-layer coordination and alignment. We place 
layer 6 between the interface (layer 1) and the user to emphasize how socio-behavioral 
interventions directly shape user behaviors at the point of interaction. 

Fig. 2. Design feature layer framework 

5.2 Abstraction Levels from Theory to Entities 

Figure 3 shows design features on a continuum between highly abstract design theo-
ries and highly context-specific design entities. While prior frameworks (e.g., [2, 15]) 
acknowledge partial or evolving design knowledge, they do not single out design fea-
tures as bridging elements on a continuum from abstract theory to concrete artifacts, 
necessitating our new framework to clarify these mid-level operational distinctions.
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Fig. 3. Design feature abstraction framework 

In practice, design features can vary in their specificity. Some will be closer to the 
principle side (e.g. “Provide a multi-language interface to accommodate international 
users”), while others lean toward an already coded solution (e.g. “Implement a real-
time translation service using Google Cloud APIs with fallback to offline dictionaries”). 
By recognizing these abstraction levels, researchers can more clearly articulate how 
each feature moves from broad, theoretical guidance toward real-world instantiations. 
In particular, we recommend aiming for a medium level of abstraction when publishing 
design features (e.g. “Integrate an automated translation component that supports real-
time text rendering, allowing modular switching between different translation engines.”). 
That sweet spot avoids overly rigid, technology-bound directives (which risk obsoles-
cence) while still going beyond vague statements that lack enough detail for practical 
implementation. 

6 Toward Actionable Mid-Level Guidance in DSR 

6.1 Guidelines for Constructing Design Features 

Of the 334 publications we identified that offered some form of design knowledge, only 
34 explicitly documented design features. This limited prevalence suggests a missed 
opportunity: while many studies present DPs, they often lack the tangible, mid-level 
guidance necessary for practical implementation. Our analysis revealed frequent incon-
sistencies in naming, level of detail, and linkage to DPs, making reusability difficult. To 
address these gaps and strengthen the role of design features, we propose the following 
guidelines aimed at standardizing their formulation, ensuring traceability, and enhancing 
overall reusability, ensuring that other researchers or practitioners can readily implement 
the features without being overwhelmed by details. We propose three main categories 
of guidelines: (1) Universal Naming and Structuring Rules, (2) Layer-Specific Focus 
Points, (3) General Tips for Effective Communication and present them in Table 5.
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Table 5. Guidelines for design feature creation and formulation 

Category Guidelines 

Guideline category 1: Universal naming and 
structuring rules 

G1.1. Use a distinctive, action-oriented title 
– Format:  [verb] + [object] + (optional 

specification) 
– Examples: “Enable real-time fraud alerts,” 

“implement context-aware chatbot guidance,” 
“establish cross-functional governance board” 
– Rationale: Imperative or “command-like” 

phrasing (“enable…,” “implement…,” “provide…”) 
fosters clarity and makes it easier for readers to 
envision the action 
G1.2. Include a brief purpose and expected 
outcome 
– Example: “To increase user trust, provide 

real-time fraud alerts that notify customers within 5 
minutes, enabling immediate corrective action” 
– Why:  Each feature should answer why it exists 

and what it achieves, ensuring implementers 
understand its intent 
G1.3.: If needed, you can include, optionally 
– Key dependencies or context (e.g., “requires 

transaction logs updated hourly”) 
– Essential parameters (e.g., “send alerts if 

anomaly score ≥0.8”) 
– Constraints or trade-offs (e.g., “must remain 

GDPR-compliant”) 
– Evaluation criteria (e.g., “success = 80% of 

suspicious cases flagged within 5 minutes”) 

Guideline category 2: Layer-specific focus points G2.1. Interaction and Engagement 
– Emphasize UI/UX aspects—Interfaces, user 

flows, feedback loops, accessibility 
G2.2. Functional/procedural 
– Clarify the underlying logic or 

rules—Algorithms, method steps, error handling 
G2.3. Data and Information Handling 
– Focus on data lifecycle—Collection, storage, 

security, integration 
G2.4. Process and Workflow Orchestration 
– Describe tasks and their sequence—Workflow 

steps, approvals, notifications 
G2.5. Organizational/ecosystem structuring 
– Articulate governance, roles, ecosystem 

responsibilities 
G2.6. Human and Social Interventions 
– Outline motivational, social, or training 

aspects—Nudges, incentives, collaborative forums

(continued)
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Table 5. (continued)

Category Guidelines

Guideline category 3: General tips for effective 
communication 

G3.1. Be concise yet concrete 
– Aim for a paragraph or a short bulleted list to 

describe each feature so it remains readable and 
actionable 
G3.2. Use real-world (not overly theoretical) 
language 
– Practitioners should be able to grasp at a glance 

what to do 
G3.3. Link to higher-level principles 
– If the feature springs from a specific DP, mention 

that or visualize in a mapping diagram 
G3.4. Highlight evaluation possibilities 
– Encourage authors to state how they will 

measure the feature’s effectiveness 
G3.5. Consider reusability 
– Use sufficiently generic terminology so that 

others can adapt your feature to different settings 
(unless your context is intentionally narrow) 
G.3.6. Two-layered documentation approach 
(optional) 
– Main text: Short, focused entries that clearly 

convey the “big idea” 
– Appendix or supplement: Detailed dependencies, 

constraints, metrics, or technical references for 
implementers needing deeper guidance 

6.2 Illustrative Case: Mapping from Requirement to Principle to Features 

To demonstrate how these guidelines can enhance the clarity and reusability of design 
features, we draw on a study by Müller and Reuter-Oppermann [16]. Figure 4 depicts an 
excerpt of the original mapping from their publication, illustrating how Design Require-
ment 3 (DR3) on “Motivation and Feedback” is linked to DP3 and several design fea-
tures. DR3 addresses user needs for tracking progress, providing donation feedback, 
and enabling experience exchange, while DP3 prescribes motivational and encourag-
ing methods (gamification, bidirectional feedback, companion capabilities). The linked 
features collectively illustrate how this motivational support is operationalized. 

Fig. 4. Original mapping of DR3, DP3, and linked design features from [16] 

First, what works well in the existing approach is the direct linkage from DR3 to DP3, 
which ensures traceability from user-centered requirements to prescriptive guidance. It is
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also notable that many of the features specify tangible functionalities like “Alert reward” 
(DF6.8), thereby offering mid-level direction beyond an abstract principle. Second, some 
areas could nonetheless be improved. DR3.1 already names points, badges, and trophies, 
which are arguably specific implementation details that partially overlap with the more 
general gamification elements described in DF13. Similarly, certain feature names like 
“Alert reward” or “Performance records” do not describe the intended outcomes or 
success criteria, making it harder to evaluate or adapt these features in other contexts. 

To address these gaps, we applied our guidelines to refine one part of this mapping— 
specifically DR3.1 and DF13. Figure 5 presents a revised mapping diagram showing how 
these elements could be clarified. In the revised DF13, the name is changed to an action-
oriented title that directly references the requirement. The feature description explicitly 
lists the purpose and the mechanisms. It also specifies optional dependencies and eval-
uation criteria. This revised formulation ensures better traceability and reusability by 
clarifying the logic behind awarding rewards, role of user data, and metrics for success. 

Fig. 5. Revised examples of DR3.1 and DF13 [16] 

7 Discussion 

Our findings confirm that design features play a pivotal role in bridging high-level 
design theories (e.g., DPs) with the concrete artifacts practitioners must implement and 
evaluate. By systematically reviewing 34 publications that explicitly contribute design 
features, we observed considerable variation in how authors label, describe, and oper-
ationalize these mid-level constructs. This heterogeneity can hinder the accumulation 
of design knowledge, as researchers and practitioners often struggle to translate broad 
prescriptions into coherent, reusable artifact specifications. Addressing this gap, our 
layered and abstraction-focused frameworks (Sect. 5) provide a common vocabulary 
to position design features more consistently within DSR studies, while our guidelines 
(Sect. 6.1) outline concrete steps for naming, structuring, and documenting them in a 
manner that facilitates both traceability and reusability. Finally, in Sect. 6.2, we illustrate 
how feature mapping can benefit from a clearer distinction between MRs and DFs and 
the application of our guidelines—acknowledging the original study’s strengths while 
demonstrating how minor adjustments can further improve clarity and reusability. A key 
methodological contribution of this study lies in reconciling prior work into a cohesive 
conception of design features as actionable, mid-level entities. Our six layers helps to 
pinpoint where each feature operates (e.g., user interface vs. organizational structure), 
whereas the three abstraction levels (high, medium, low) clarify how specifically it is
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prescribed. Nevertheless, our work faces certain limitations. First, although we surveyed 
a broad set of DSR publications, the final sample of 34 relevant studies may not capture 
all possible instantiations or terminology variants. Second, because DSR contexts differ 
widely (from organizational interventions to technical prototypes), no single template 
can guarantee universal applicability. Researchers should thus tailor the recommended 
guidelines to their project’s scope, acknowledging that design features are contextual 
constructs whose granularity depends on the artifact, domain, and stakeholder needs. 
In sum, by explicitly articulating where a feature resides (via layers) and how it moves 
from principle to instantiation (via abstraction levels), we help researchers systematically 
document design features in a way that can be replicated, reused, and refined. 

8 Conclusion and Outlook 

This paper demonstrates the centrality of design features in translating high-level theo-
retical prescriptions (e.g., DPs) into concrete, implementable artifact specifications. By 
mapping features to six layers and classifying them according to three abstraction levels, 
we have shown how researchers can systematically document not just what must be built, 
but how and why a particular functionality or intervention should appear. Our guide-
lines underscore the importance of striking a balance between specificity and flexibility: 
Medium-level prescriptions are typically the most useful for ensuring that design fea-
tures remain both broadly applicable and readily implementable. Looking ahead, future 
research could adapt and refine our frameworks for specific domains or integrate them 
with established repositories of design knowledge. Another promising avenue involves 
evaluating how well these standardized design features scale across multiple projects 
or organizational contexts. Ultimately, our hope is that consistently articulated design 
features will enhance the cumulative rigor and reusability of DSR, enabling more robust 
knowledge accumulation and accelerating innovation in practice. 
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Abstract. This study explores the use of geospatial analysis to address regional 
disparities in low birth weight (LBW) rates across California. By creating a spatial 
visualization tool, the research aims to highlight the socioeconomic and environ-
mental factors influencing LBW such as income, healthcare access and educa-
tion. The tool will provide policymakers and healthcare providers with action-
able insights to inform targeted interventions and is evaluated by subject matter 
experts in public health to determine its usability and effectiveness. The research 
seeks to improve maternal and infant health outcomes by promoting data-driven, 
region-specific interventions. 

Keywords: Maternal health · Infant health · Visualization · Design · Geo-spatial 

1 Introduction 

Low birth weight (LBW), defined as a birth weight of less than 5.5 pounds (2500 g), is a 
significant public health concern in California and all the United States. Infants born with 
LBW face a higher risk of neonatal mortality, developmental challenges, and long-term 
health issues such as respiratory problems, cognitive impairments, and chronic diseases 
like diabetes and heart conditions. LBW also contributes to nearly 30% of newborn 
healthcare costs, placing an economic burden that exceeds $13.4 billion annually [1]. 
Despite advances in maternal and neonatal healthcare, the rates of LBW have not seen 
a significant decline in recent years, raising concerns about the effectiveness of existing 
public health interventions. 

Thorsen et al. explore how U.S. Community Health Centers’ (CHCs) operational 
efficiency, patient demographics, and regional context affect access to early prenatal 
care and LBW rates. The study finds that rural CHCs serving predominantly White 
populations provide better access to prenatal care and report lower LBW rates, while 
urban CHCs serving poor racial minorities in affluent areas face higher LBW rates and 
reduced access to care. The research highlights that racial and regional inequalities, 
particularly for Black and Hispanic patients, have a greater impact on birth outcomes 
than CHC efficiency alone [10]. This shows that LBW is disproportionately prevalent

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 
S. Chatterjee et al. (Eds.): DESRIST 2025, LNCS 15703, pp. 137–150, 2025. 
https://doi.org/10.1007/978-3-031-93976-1_9 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-93976-1_9&domain=pdf
https://orcid.org/0009-0002-1647-4860
https://orcid.org/0000-0001-5392-0300
https://orcid.org/0009-0008-7423-8878
https://orcid.org/0000-0002-3268-6604
https://doi.org/10.1007/978-3-031-93976-1\sb {9}


138 K. Crusius et al.

in certain regions, influenced by a combination of socioeconomic, environmental, and 
healthcare access factors. Areas with lower income, limited access to quality healthcare, 
and higher pollution levels tend to experience higher rates of LBW. 

Addressing these regional disparities requires targeted, location-specific interven-
tions rather than broad national strategies. However, many existing approaches lack the 
integration of geospatial analysis and technology-driven solutions that can identify high-
risk areas and tailor interventions. This research seeks to bridge that gap by utilizing 
geospatial analytics and socioeconomic data to develop a targeted approach specific to 
certain areas to improve awareness and education in affected communities. 

LBW remains a critical public health issue in the U.S., disproportionately affecting 
certain regions and socioeconomic groups. Despite the availability of diverse datasets 
covering health records and different socio-economic indicators, current policy inter-
ventions often fail to incorporate geospatial analysis that accounts for location-specific 
factors. Many interventions remain general, without addressing the unique needs of dif-
ferent communities. This gap underscores the importance of a targeted, data-driven app-
roach for regional disparities in LBW, one that utilizes geospatial tools to reveal complex 
relationships between geographic and socioeconomic factors. Identifying these dispari-
ties through geospatial analysis is essential to targeting interventions and reducing health 
risks for newborns. This research project addresses the absence of a comprehensive spa-
tial data visualization tool that can link regional factors with LBW outcomes, informing 
data-driven regionally tailored interventions by policy makers. The research questions 
are as follows: 

1. How can geospatial analysis reveal regional disparities in LBW rates across Cali-
fornia, and what specific socioeconomic factors (like income, healthcare access, and 
education) are linked to these disparities? 

2. How effective is the spatial data visualization tool in supporting policymakers and 
healthcare providers in identifying LBW disparities and informing region-specific 
interventions to improve maternal and infant health outcomes? 

The significance of this research lies in its potential to transform how public health data 
is analyzed and applied in real-world contexts. By moving beyond traditional statistical 
methods and embracing geospatial technologies, this study provides a multidimensional 
perspective on health disparities. This approach not only enhances the precision of 
data interpretation but also empowers stakeholders to implement interventions with 
greater efficacy and accountability. Furthermore, the integration of geospatial analysis 
into public health practice fosters a culture of evidence-based policymaking, where 
decisions are informed by comprehensive, location-specific insights. 

Additionally, the adaptability of the developed tool allows for its application beyond 
LBW analysis. It can serve as a model for addressing other public health challenges, 
such as tracking the spread of infectious diseases, analyzing vaccination coverage, or 
assessing environmental health risks. By demonstrating the versatility and utility of 
geospatial tools in public health, this research contributes to a broader understanding of 
how technological innovations can drive systemic improvements in health outcomes. 

Ultimately, the goal of this research is not only to address current LBW disparities 
but also to establish a foundation for future studies that leverage geospatial data to tackle 
complex health issues. This aligns with the broader objectives of public health to reduce
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health inequities, promote social justice, and enhance the well-being of populations 
through data-driven, contextually relevant strategies. 

2 Background and Literature Review 

Multiple studies emphasize socioeconomic and maternal health factors as primary deter-
minants of LBW. Maternal education is consistently associated with birth outcomes, as 
evidenced by Grady & Enander, who found an inverse correlation between maternal 
education and LBW in Michigan [6]. Similarly, maternal age is a key risk factor, with 
adolescent mothers (<20 years) and older mothers (>34 years) exhibiting higher LBW 
prevalence [9]. Racial disparities are also well-documented, particularly among African 
American women, who face significantly higher LBW rates compared to white women 
[4]. 

Additionally, prenatal care access plays a crucial role in mitigating LBW risk. Burns 
et al. found that inadequate prenatal care, measured by the Kotelchuck Index, was 
strongly associated with LBW, particularly in low-income and racially segregated areas. 
Maternal obesity, smoking, and poverty were also identified as significant contributors to 
LBW, highlighting the interplay between individual health behaviors and broader social 
determinants [4]. 

Geographic disparities in LBW rates have been a focal point of recent research. In 
Michigan, high LBW rates were concentrated in metropolitan areas such as Detroit, Flint, 
and Kalamazoo, reflecting racial and economic segregation [6]. Similarly, in Ghana, 
spatial hotspot analysis revealed higher LBW prevalence in rural northern and middle 
zones compared to urban coastal areas, suggesting critical healthcare access disparities 
[3]. In São Paulo, LBW infant mortality rates were paradoxically highest in developed 
municipalities, indicating that economic growth alone does not translate to improved 
maternal and child health outcomes [3]. 

A crucial gap identified in multiple studies is the mismatch between healthcare 
resource allocation and LBW risk areas. One study found a significant lack of prenatal 
care facilities within LBW clusters in Florida, despite overwhelming evidence supporting 
prenatal interventions [4]. Similarly, in Ghana, rural regions with the highest LBW rates 
had the poorest healthcare infrastructure, emphasizing the need for region-specific health 
system improvements [3]. 

3 Methodology 

The problem was approached by utilizing the three-cycle view of design science research 
as outlined by Hevner [8]. The environment, which includes the application domain, 
people, organizational systems, technical systems, and the associated problems and 
opportunities, is connected to design science through the relevance cycle. This cycle 
encompasses requirements and field testing, ensuring that the solution artifact remains 
practically relevant and usable. Design science involves the development of design arti-
facts and processes, followed by their evaluation, which occurs in the design cycle. 
The rigor cycle connects to the knowledge base, grounding the research in existing 
knowledge and contributing to it. The knowledge base forms the foundation of research,
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including scientific theories, methods, experience, expertise, and meta-artifacts such as 
design products and processes. 

When identifying persistent problems in the context of LBW, both the environment 
and knowledge base were considered. A thorough review of the literature revealed pre-
vious findings and existing gaps, which opened a space for this project. Insights were 
also gained about the environment where LBW policy decisions are made, identify-
ing the tool’s target population and the necessary technologies and features to create 
the most effective artifact. The relevance cycle was applied to determine the artifact’s 
requirements, such as providing actionable insights into the persistence of LBW across 
different counties in California. An important requirement was the user-friendliness of 
the tool, ensuring that anyone in public health, regardless of prior geospatial tool expe-
rience, could use it. The rigor cycle ensured that the research was grounded in literature, 
contributing to the knowledge base, which will be discussed later. The design cycle 
involved an iterative process of building and evaluating the tool, beginning with a first 
version, followed by feedback collection through formative evaluation. Adjustments 
were made, and a second version was developed based on this feedback, addressing user 
concerns and suggestions. 

The DSR Knowledge Contribution Framework [7] was also considered during the 
solution’s development, with the aim of evaluating the research’s contribution through 
this framework. In this context, DSR research is classified into invention, improvement, 
exaptation, and routine design, as explained further in the evaluation. 

The solution was centered around creating a visual tool that layers various regional 
factors influencing LBW in California. The primary artifact involved developing a com-
prehensive spatial data visualization platform, which included multiple types of maps 
and graphical representations. The GIS tool ArcGIS Pro by Esri was used to create 
bivariate maps. 

This artifact consisted of the following key outputs: (1) Immediate Intervention Maps 
and (2) LBW Ratio Maps which are both illustrated below with an example from the tool. 
By leveraging spatial data visualization, the tool aims to communicate data effectively 
and facilitate targeted interventions that can significantly improve maternal and infant 
health outcomes in California (Fig. 1). 

1. Immediate Intervention Map: These maps show areas with the highest needs for 
intervention regarding alcohol use and smoking providing policymakers with clear 
guidance on where to focus their efforts in preventing LBW (Fig. 2). 

2. LBW Ratio Maps: These maps illustrate the ratio of the percentage of Black women 
experiencing LBW to the percentage of White women, as well as the ratio of Hispanic 
and Black women to White women. These maps help highlight racial and ethnic 
disparities in LBW rates, fostering a deeper understanding of the socio-demographic 
factors at play. 

The DSR Kernel Theory utilized in this project is the Theory of Cognitive Fit [11]. 
It suggests that decision-making and problem-solving effectiveness improve when the 
representation of information aligns with the cognitive processes required for a given 
task. In this context, policymakers, healthcare providers, and community stakeholders
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Fig. 1. Example of immediate intervention maps 

Fig. 2. Example of a LBW ratio map 

need to interpret maternal health data to make informed decisions. The tool leverages 
geospatial analysis and visualization techniques to present risk factors in a format that 
enhances cognitive fit. By aligning the data representation with user needs, the tool aims 
to improve the accuracy and efficiency of LBW interventions. 

4 Artifact Design and Build 

Substance use during pregnancy has been a persistent public health issue for decades, yet 
many expectant mothers continue to expose their unborn children to harmful substances. 
Alcohol, tobacco, and illicit drugs significantly increase the risk of LBW due to their 
adverse effects on fetal development. Heavy alcohol consumption is linked to fetal 
alcohol syndrome (FAS), occurring in 1–3 per 1000 live births, with severe consequences
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such as growth retardation and neurological impairments [5]. Women consuming three to 
five drinks per day have a twofold increased risk of delivering a LBW infant, while those 
drinking six or more drinks daily face an almost threefold risk. Tobacco use (20–25% of 
pregnant women) leads to intrauterine growth restriction (IUGR) and preterm birth, while 
illicit drugs like cocaine (2.3–3.4%) and heroin (2–4%) are associated with placental 
abruption, preterm labor, and stillbirth. Marijuana use (3–12%) has inconclusive effects, 
but some studies suggest an increased risk of preterm labor and LBW. Despite these 
well-known risks, 14% of pregnant women engage in multiple high-risk behaviors, such 
as combining smoking, drinking, and drug use [5]. 

Efforts to prevent LBW face systemic, psychosocial, biological, and knowledge-
based barriers. Poverty, lack of healthcare access, and misinformation make it difficult 
for women to adopt healthier behaviors, with 50% of pregnant women abstaining from 
alcohol, tobacco, and drugs, while 2.5% engage in all three. Psychosocial factors, includ-
ing stress, domestic violence (8–17%), and lack of family support, further discourage 
positive change. Substance dependence, affecting 105,000 (2.6%) pregnant women using 
cocaine, also plays a role, as does misinformation, with 40–60% of women consuming 
alcohol underestimating its risks. Healthcare barriers, such as negative provider atti-
tudes and language difficulties, make it harder for women to seek help. Addressing these 
challenges requires comprehensive social, medical, and policy interventions to ensure 
accessible healthcare, education, and strong support systems for pregnant women [5]. 

The dashboard was designed to assist policymakers in identifying counties facing 
significant challenges related to maternal health, substance abuse, and LBW, enabling the 
implementation of targeted interventions and support programs. Addressing these chal-
lenges necessitates comprehensive social, medical, and policy interventions to ensure 
accessible healthcare, education, and robust support systems for pregnant women. 

The artifact was developed as a visual tool that layers various regional factors influ-
encing LBW, aiming to equip policymakers with actionable insights for targeted inter-
ventions to improve maternal and infant health. Throughout the iterative design process, 
we gathered user feedback from key stakeholders, including public health officials and 
healthcare providers, to ensure the tool’s user-friendliness and alignment with their 
needs. This feedback led to the incorporation of several design improvements, such as 
interactive maps, clearer legends, and the integration of socioeconomic data to enhance 
user navigation. 

The tool stands out by leveraging spatial data visualization to highlight regional 
disparities in LBW rates across California. It uniquely compares LBW rates with other 
key socio-economic factors, such as excessive alcohol consumption, smoking, and unin-
sured adults, displaying these variables alongside LBW data on the same layer. The tool 
also generates impactful visualizations, including choropleth and bivariate maps, which 
effectively communicate data-driven insights to policymakers and healthcare providers, 
facilitating informed decision-making. 

In addition to identifying geographic areas with high LBW rates, the tool informed 
the development of tailored interventions addressing the unique needs of different 
regions, thereby promoting health equity. By emphasizing the geographic context of 
health outcomes, the artifact provided actionable insights that contributed to meaningful 
improvements in maternal and infant health outcomes across the state.
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Users are able to navigate the tool by selecting a county from the list on the left in 
order to see both the maps and the metrics updated to display the information for that 
particular county. Also, users can enlarge each of the maps and metrics when clicking 
on the upper right corner to see any of the aspects on the dashboard in more detail. 

Based on the tool, public health experts and policy makers can identify location-
based factors that are influencing LBW depending on the county in California. Given 
the identified gap in location-specific interventions, the insights provided by the tool can 
help develop targeted interventions by offering policymakers a clearer understanding of 
which factors influence LBW in specific locations (Fig 3). 

Link to the Geospatial Tool 

Fig. 3. Screen capture of the geospatial tool 

5 Evaluation 

To evaluate the first version of the artifact, pilot study in form of a survey testing the 
usability and efficiency of the tool was conducted. It includes questions on clarity and 
comprehension, ease of use, relevance to policy planning, and effectiveness of commu-
nication in the form in a multiple-choice format, with participants rating these aspects 
on a Likert Scale. Additionally, there are three open-ended questions about usability, 
suggestions for improvement, and insights for policy evaluation. Lastly, two questions 
on the respondents’ professional background as well as their familiarity with similar 
tools are included. 

This survey focuses on public health experts and policymakers with experience in 
maternal and infant health, health disparities, or geospatial data analysis. The conclusions 
are intended to apply to professionals working in public health, healthcare planning, and 
policy development, particularly those addressing issues related to LBW disparities.
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This includes public health officials, healthcare providers, academic researchers, and 
community advocates who utilize data-driven insights to inform interventions and allo-
cate resources effectively. The findings aim to support decision-making processes that 
promote health equity and improve maternal and infant health outcomes across diverse 
regions. 

The recruitment process involved reaching out to 30 public health experts, including 
professionals and academic researchers with relevant expertise in maternal and infant 
health, health disparities, or geospatial data analysis. Participants were recruited via 
email. Recruitment emails will contain a brief description of the project, eligibility 
requirements, and a link to the tool and the survey. The survey and all accompanying 
materials were submitted to the Institutional Review Board (IRB #4920) and it was found 
that a review was not required. 

A survey with a larger participant pool will be conducted in the future. The survey 
questions will be further refined, drawing on existing surveys from the literature. While 
the initial survey was brief to gather preliminary feedback on aspects like usability and 
efficiency, the second round will provide a more in-depth evaluation of each aspect, 
contributing comprehensive feedback as part of the summative evaluation. 

6 Result and Findings 

Of the 30 potential respondents, 8 have completed the survey to date. The respondents 
represented various professional fields, including public health practice, healthcare, 
health education and promotion, as well as geospatial analysis and geographic infor-
mation systems. To maintain anonymity, further demographic details are not provided. 
However, their diverse backgrounds enabled the evaluation of both the public health 
aspects of the tool and the specific considerations related to geographic information 
systems. 

In the figures below answers to the questions regarding clarity and comprehension, 
ease of use, and effectiveness of communication are illustrated (Figs. 4 and 5). 

Fig. 4. Clarity and comprehension 

6/8 respondents found the visualizations to be at least moderately clear, indicating 
that the visual representations were effective in conveying regional disparities in LBW.
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Fig. 5. Ease of use 

5/8 respondents found the visual tool to be very easy or somewhat easy to navigate 
and interpret, suggesting that the interface was user-friendly. 7/8 respondents rated the 
visuals as at least moderately effective in communicating the impact of socio-economic 
and environmental factors on LBW. This indicates that the tool successfully conveyed 
the complex relationships between these factors and LBW (Figs. 6 and 7). 

Fig. 6. Effectiveness of communication 

Fig. 7. Relevance for policy planning
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Further, the respondents were asked about the perceived relevance of the tool for 
policymaking. The results can be found in the figure below. 

5/8 respondents considered the data presented extremely relevant or very relevant to 
policy planning, which suggests that the tool is fulfilling its purpose of informing policy 
interventions. 

In addition to these questions, five short-answer questions are part of the survey. 
When asked “Which aspects of the visual tool were the most helpful or user-friendly”, 

users pointed out the interactive nature of the map and the ability to zoom into specific 
regions. Additionally, the inclusion of layered socio-economic data was pointed out as 
well as the possibility to switch back and forth between counties and visualizing the 
data on a county level in addition to the data in the state overall. The map legends and 
indicator numbers being clear and straightforward were mentioned as well. 

In response to the prompt, “What changes or additions would you suggest enhancing 
the tool’s clarity, usability, or relevance?”, participants recommended several changes. 
They suggested simplifying the interface, providing a user guide or tutorial, adding a 
feature to compare regions side-by-side, enabling the download of region-specific data, 
and incorporating a splash screen. 

When asked, “Based on the visualizations, what regional factors do you think should 
be prioritized for addressing LBW disparities?”, respondents identified several key 
regional factors such as access to prenatal care, socioeconomic factors, environmental 
factors, and insurance status as key regional factors to prioritize. 

To better understand the background of the respondents, we asked, ‘What is your 
area of expertise (e.g., maternal health, geospatial analysis, data analytics, health policy, 
healthcare)?’ Respondents represented a broad spectrum of expertise, including mater-
nal health, geospatial analysis, data analytics, health policy, healthcare, public health 
practice, public health policy, and GIS development. 

To assess respondents’ familiarity with geospatial tools, we asked, ‘Have you pre-
viously used geospatial or data visualization tools in your work? If yes, briefly describe 
your experience.’ The majority of respondents had prior experience with geospatial 
and data visualization tools, using them for purposes such as analyzing health dispar-
ities, assessing environmental factors, and conducting public health research. A few 
respondents were new to geospatial tools but reported positive experiences. 

In addressing the primary research question, the geospatial tool developed highlights 
the impact of various socio-economic factors on LBW, particularly smoking, lack of 
insurance, and excessive drinking. The tool clearly demonstrates that in counties with 
higher percentages of these risk factors, LBW rates are also notably higher. We are 
working on expanding the tool to incorporate additional factors in future iterations to 
further explore these relationships. 

7 Contribution of the Research 

The presented dashboard makes a significant contribution to research by providing an 
innovative tool for analyzing and visualizing the factors influencing LBW in Califor-
nia. It integrates geospatial visualization techniques with public health data, allowing 
researchers and policymakers to uncover regional disparities in LBW rates alongside
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social and behavioral determinants such as smoking, excessive alcohol consumption, 
and uninsured populations. This layered approach bridges a gap in existing research 
by offering a multi-dimensional analysis that highlights correlations between LBW and 
socio-economic variables, paving the way for more targeted and data-driven public health 
interventions. 

In addition, the artifact contributes to methodological advancements in the field 
of health informatics and visualization. By employing techniques like choropleth and 
bivariate mapping, it demonstrates the power of spatial data to communicate health 
information effectively. The ability to interact with and filter data by counties pro-
vides researchers with deeper insights into patterns that might be obscured in traditional 
datasets or tabular representations. This aligns with current trends in research empha-
sizing user-centric and interactive tools for knowledge discovery, particularly in health 
equity and public health planning. 

The dashboard serves as a practical instantiation of research concepts in public 
health visualization. It not only facilitates hypothesis generation by showcasing correla-
tions between variables but also supports translational research by providing actionable 
insights for stakeholders. Its potential to guide interventions and policies, particularly 
in underserved or high-risk areas, highlights its value as both a research tool and a 
decision-support system. As such, this artifact stands as a model for how visualization 
can enhance understanding, communication, and application of health data in research 
and practice. 

In Design Science Research, the knowledge contribution of research is often mea-
sured through the DSR Knowledge Contribution Framework [7]. In this context, DSR 
research can be classified into the categories of invention, improvement, exaptation, and 
routine design based on the level of solution maturity and application domain maturity. 
The model can be found in the figure below. 

The prototype research tool developed falls into the Improvement quadrant, as the 
application domain maturity is high, and the solution maturity is low. The goal of the 
research was to develop new solutions, in this case the visual tool, for the known problem 
of LBW. Out tool refines geospatial analytics in public health by integrating visualiza-
tions of LBW disparities with socioeconomic and racial factors. As it makes the relation-
ships between variables more actionable for stakeholders, it represents an improvement 
of existing methods as the field is missing targeted interventions based on those relation-
ships. The incorporation of different features and the incremental development of the 
tool based on user feedback advances the visualization of dashboards in public health 
and adds to the knowledge of how such tools can be evaluated and used in real-world 
settings. 

One key attribute enabling the solution is the integration of multi-layered data visu-
alization, which allows users to analyze LBW rates alongside key social determinants of 
health such as the percentage of LBW cases correlated with smoking adults, uninsured 
populations, and excessive drinking rates. This attribute fosters a holistic understand-
ing of health disparities, moving beyond isolated metrics to reveal complex interde-
pendencies between behavioral health risks and maternal-infant outcomes. Addition-
ally, the tool’s interactivity (enabling dynamic filtering, zooming, and region-to-region 
comparisons) enhances user engagement and facilitates real-time exploration of health
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data. By visualizing these layered relationships, policymakers can identify high-risk 
areas where these behavioral factors converge, supporting the development of targeted, 
evidence-based interventions to address LBW disparities effectively. 

Since geospatial techniques are popular in other fields such as urban planning or 
environmental studies, the study could also be seen as exaptation, applying known solu-
tions to new contexts. By developing a geospatial tool for investigating LBW in detail, 
the tool exemplifies how technology can be re-contextualized to address LBW (Fig. 8). 

Fig. 8. DSR knowledge contribution framework [7] 

8 Conclusion and Future Work 

In conclusion, this study highlights the potential of geospatial visualization tools to 
address LBW disparities in California. The initial development and evaluation of the tool 
demonstrated its clarity, usability, and relevance in supporting data-driven interventions 
as evidenced by feedback from public health experts. The tool’s ability to integrate 
spatial analysis with socioeconomic data underscores its value in identifying high-risk 
areas and informing tailored strategies to improve maternal and infant health. 

While the study’s findings affirm the tool’s potential, they also highlight areas for 
further refinement to enhance its effectiveness and user experience. Moving forward, 
additional features such as the integration of real-time data and advanced analytics will 
be explored to improve the tool’s impact. 

This research represents an important first step toward leveraging geospatial analytics 
to address health disparities, but additional work is needed to optimize its functionality 
and maximize its impact. 

In response to the feedback from the survey, several improvements were imple-
mented in the visual tool. Key updates included the addition of guidelines for users
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unfamiliar with ArcGIS and the alignment of variables to better match the map legends 
and indicators. These changes directly addressed concerns about usability and the need 
for a user guide. Additionally, the clarity of the maps was enhanced, as most respondents 
identified this as an area for improvement. After incorporating these enhancements, we 
distributed an updated survey to an expert professor for further feedback on the revised 
version. 

Future work will expand the tool’s scope to include additional maternal health out-
comes and assess its adaptability across diverse geographic regions. This phase will also 
gather feedback from a wider user base, incorporating a larger sample size to ensure 
broader applicability. A second survey will be conducted to evaluate the revised ver-
sion of the tool, with a larger sample than the pilot survey. While maintaining the same 
overall objectives, the survey questions will be updated to align with established metrics 
from the literature, focusing on clarity, ease of use, relevance, and effectiveness. You 
can access the latest version of the tool here: Low Birth Weight in California . 
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Abstract. Automated approaches to idea evaluation increasingly leverage gen-
erative artificial intelligence to support decision-makers. However, contextual-
izing evaluations within specific domains remains challenging, particularly at 
varying levels of large language model (LLM) augmentation. Existing research 
employs embeddings to derive semantic insights, yet these representations often 
lack domain-specific contextualization. Recent advancements, such as chat-based 
LLMs, present new opportunities to incorporate context through prompting. To 
address these challenges, we propose a structured evaluation pipeline that inte-
grates embeddings with feature engineering to enhance the contextualization of 
chat-based LLM evaluations. Using a real-world innovation challenge, we instan-
tiate this pipeline and assess its predictive performance across different levels 
of augmentation. Our findings reveal that incorporating contextual information 
improves predictive accuracy but depends on fine-grained idea quality dimen-
sions. By codifying our approach into a reference model, we provide a transferable 
framework that generalizes across various evaluation contexts employing LLMs. 

Keywords: Idea Evaluation · LLM-Augmentation · Generative AI · Reference 
Pipeline · Design Science Research 

1 Introduction 

Creative ideas are fundamental to innovation, providing new opportunities for busi-
ness growth [1]. Supporting idea generation has a long tradition, with various artifacts 
proposed to facilitate individual and group brainstorming [2]. These efforts are not 
confined within organizational boundaries, as external inputs can stimulate innovation 
[3]. Recently, the advent of generative AI (genAI) has disrupted traditional ideation 
approaches, such as crowdsourcing on innovation platforms [4]. GenAI is capable of 
producing creative ideas instantaneously at minimal cost, often achieving quality levels 
comparable to human-generated ideas in crowdsourcing environments [4, 5]. Conse-
quently, decision-makers face an increased cognitive burden in identifying truly valuable 
ideas from an overwhelming pool of options [6].
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Researchers have recognized the cognitive challenges associated with evaluating 
large volumes of ideas [7]. Automated approaches have been proposed to analyze lin-
guistic patterns in ideas [8, 9] and, more recently, leveraging large language models 
(LLMs) as evaluators [10, 11]. However, idea evaluation is multidimensional, encom-
passing various criteria that extend beyond overarching assessments of quality [12]. 
Furthermore, existing LLM-based evaluation approaches fail to incorporate contextual 
factors, leading to overly optimistic and contextually irrelevant assessments [13]. 

Prior research has demonstrated that incorporating context into LLM-generated con-
tent enhances evaluation efficiency [14]. This study introduces a structured pipeline for 
integrating contextual information into the evaluation process while maintaining flexi-
bility in evaluation criteria—an essential factor for idea assessment [12]. The proposed 
approach seeks to combine LLM-generated outputs with traditional statistical learning 
methods [8] to mitigate biases arising from overly optimistic and context-insensitive 
predictions. 

The motivation for this research is to develop an evaluation pipeline for context-
augmented idea assessment, thereby contributing to knowledge on evaluation pipelines 
that integrate LLMs with contextual information. This study aims to address the fol-
lowing research question: How can we design an evaluation pipeline that augments 
LLM predictions with contextual information, and how does it improve idea quality 
prediction? 

The evaluation pipeline is instantiated following a design science research (DSR) 
approach [15] to predict idea quality. The design knowledge generated during the devel-
opment process is codified into a reference pipeline, enabling generalization to evaluation 
tasks beyond idea assessment [16]. 

2 Related Work 

2.1 Idea Evaluation and Idea Quality 

Idea evaluation aims to identify high-potential concepts from a vast pool of candidates 
[6, 7]. A key challenge is that only a small fraction of ideas hold exceptional value 
for businesses [17]. While implementing a low-value idea (Type I error) can be costly, 
failing to recognize a groundbreaking idea (Type II error) can be even more detrimental 
[7]. Consequently, decision-makers must accurately assess all available ideas, a task that 
becomes increasingly complex as the size of idea pools grows [6]. 

One factor contributing to the expansion of idea pools is the externalization of 
ideation beyond organizational boundaries. First, idea generation can be outsourced to 
human contributors via crowdsourcing platforms [3]. More recently, generative AI has 
emerged as a second avenue, enabling the rapid and cost-effective generation of ideas at a 
scale comparable to human ideation [4, 5]. The combination of these approaches has sig-
nificantly increased the volume of ideas, creating cognitive overload for decision-makers 
and introducing biases in evaluations. 

To support decision-makers, researchers have proposed multiple criteria for assess-
ing idea quality [12]. Generally, an idea is considered high-quality if it is creative, often 
defined in terms of novelty and usefulness [7]. These two dimensions tend to be nega-
tively correlated, as highly novel ideas may conflict with existing constraints and prove
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difficult to implement, thereby reducing their perceived usefulness. To refine assess-
ments further, several scholars have introduced subdimensions of idea quality. Dean 
et al. [12] proposed a widely accepted framework with four subdimensions: novelty, 
feasibility (also known as workability), relevance, and specificity (also known as elab-
oration). Such fine-grained criteria assist decision-makers in evaluating ideas based on 
the aspects most relevant to their business needs. 

Beyond quality criteria, researchers have explored mechanisms to enhance idea 
evaluation, such as crowdsourced rating systems and the inclusion of ideator-related 
information to enrich idea presentations [18, 19]. However, the rapid expansion of idea 
pools—driven by advancements such as generative AI—necessitates more scalable and 
efficient evaluation approaches. 

2.2 Automated Approaches 

Automated approaches to idea evaluation aim to provide meaningful cues for decision-
makers, alleviating their cognitive burden. With advancements in technology, these 
approaches have evolved from traditional statistical learning [8] to meta-representations 
of ideas using embeddings [19] and, more recently, to evaluations conducted by genAI 
[10, 11]. 

In statistical learning, techniques such as text mining and pattern recognition are 
employed to predict idea quality [8]. While effective in leveraging ground-truth data, 
statistical learning requires the development of elaborate, handcrafted features. In con-
trast, meta-representation approaches do not rely on predefined features but instead 
use pre-trained LLMs to capture the semantic meaning of ideas in the form of vector 
embeddings [20]. These embeddings, primarily used to assess novelty based on vector 
similarities, often fail to account for other dimensions of idea quality. 

More recently, LLMs have been utilized not only for generating meta-representations 
but also for directly evaluating idea quality—a paradigm referred to as LLM-as-a-
judge [10, 11]. In this approach, prompting techniques leverage the extensive knowl-
edge acquired by LLMs during pre-training to assign quality scores to ideas. However, 
LLM-based evaluations often exhibit optimism bias and a lack of variance in scoring 
[13]. 

Each of these three approaches—feature engineering, meta-representations using 
embeddings, and LLM-based evaluation—offers distinct advantages and limitations. To 
address their shortcomings while harnessing their strengths, a new reference architecture 
is needed, integrating these methodologies in a complementary manner. 

3 Research Approach 

This research employs the DSR approach as outlined by Peffers et al. [15] and builds 
upon prior artifacts that utilize pipelines to enhance textual data processing [16]. Figure 1 
illustrates the stages of the DSR process, which seeks to generate design knowledge on 
evaluation pipelines by instantiating an artifact to assess idea quality. The motivation for 
this research stems from expert interviews with 16 innovation managers and a review 
of existing literature on idea evaluation. The design requirements are derived from the
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challenges identified by these managers in evaluating ideas. Additionally, the literature 
highlights three dominant approaches in idea evaluation research: statistical learning, 
meta-representation, and LLM-based evaluations [4, 5, 8, 10, 20]. 

Identify problem & motivate 

• Expert interviews

• Existing literature 

Cognitive burden on decision 
makers due to increasing size of 

idea pools. Lack of integration of 
context and individual criteria 

Define objectives of a solution

• Design requirements 

Assess idea creativity and improve 
prediction quality by integrating 

context 

Design & development

• Design principles

• Reference pipeline 

Provide reference pipeline for 
evaluation tasks to abstract beyond 

idea evaluation 

Demonstration

• Instantiation of the pipeline with a 

real-world ideation challenge

• Demonstration to an innovation 

vendor 

Implementing an artifact based on 
the design requirements and 
principles to demonstrate to 

practitioners 

Evaluation

• Predictive ability of pipeline in 

assessing idea quality 

Comparing the predicted quality of 
ideas of the pipeline to approaches 

proposed by research 

Communication

• Presentation at scientific 

conferences 

Dissemination of results and 
reference pipeline to allow the 

reusability of knowledge in other 
works. 

Inclusion of relevant context into prediction, integration of feedback from practitioners and researchers 

Fig. 1. Design science research approached building on Peffers et al. [15] 

An initial version of the pipeline was demonstrated to a vendor of innovation plat-
forms, revealing that customers valued the integration of existing contextual informa-
tion—specifically, their respective product and idea portfolios—into the evaluation pro-
cess. The revised pipeline undergoes extensive evaluation using a real-world ideation 
challenge to assess predictive performance and answer the research question. 

In the next phase, the design knowledge obtained from the development, demonstra-
tion, and evaluation of the idea evaluation artifact is abstracted into a reference pipeline 
applicable to other evaluation contexts. This abstraction enables the transfer and appli-
cation of knowledge to diverse evaluation settings beyond idea and innovation assess-
ment. By leveraging components of previous pipeline artifacts and generalizing beyond 
specific use cases, this research aims to contribute to design reusability. Following estab-
lished methodologies for constructing reference architectures ensures that the abstracted 
knowledge remains accessible for future research and practical implementations. 

The research question is answered by evaluating the predictive ability of the idea 
evaluation pipeline to its three LLM-augmented parts utilizing context. Each part has dif-
ferent levels of considered context and LLM integration, as motivated and conceptualized 
in the following sections.
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4 Designing an Evaluation Pipeline 

4.1 Defining Problem and Objectives 

Large idea pools can overwhelm decision-makers, leading to cognitive overload [7]. 
Meaningful cues can support decision-making, but only if they are relevant and accurate 
[18]. Drawing from existing research, three approaches to idea evaluation are synthesized 
into a novel evaluation pipeline. Additionally, an interview study with 16 innovation 
managers identifies practical requirements. The semi-structured interviews, each lasting 
approximately 1 hour, involved participants from industries such as transportation and 
finance. Findings from both the interviews and the literature review reveal three key 
design requirements (DRs): 

DR1: Reflect Multidimensional Idea Quality Metrics. Company-specific criteria are 
necessary to align with the phase and goals of ideation. While radical innovation may 
prioritize novelty, incremental improvements often emphasize usefulness [21]. Although 
prior research has proposed various subdimensions of idea quality [12], automated 
approaches typically focus on single metrics such as novelty [20] or overall quality 
[8]. A robust evaluation pipeline should remain adaptable to different companies and 
contexts by incorporating flexible evaluation criteria. 

DR2: Include Relevant Context. Existing literature suggests deriving idea quality 
from engineered features such as idea length [7, 8], meta-representations [5, 20], or 
knowledge obtained during LLM training [10, 11]. However, practitioners indicate that 
current solutions often lack applicability to their specific contexts. The prediction of 
idea quality metrics, such as novelty and usefulness, is highly dependent on a company’s 
product portfolio. A novel solution may provide a competitive advantage in one company 
but be deemed less useful in another with different capabilities. An evaluation framework 
must integrate contextual factors to enhance applicability. 

DR3: Provide Meaningful Cues. Research has shown that superficial cues can neg-
atively impact idea evaluation [22], such as when crowd ratings are biased by herd-
ing effects [18]. Even automated approaches based on LLMs are susceptible to biases, 
including over-optimism or biases inherited during training [13]. Instead, meaningful 
cues should be derived from curated data, such as gold standard examples [16] of high-
quality ideas. Assuming the quality of the training corpus, an automated approach can 
generate meaningful cues for idea evaluation based on statistical learning, improving 
decision-making processes. 

4.2 Development and Demonstration 

This research proposes a pipeline that integrates three complementary approaches to 
idea evaluation. First, feature engineering is used to allow the integration of context. 
Second, meta-representations of ideas using embeddings enhance the prediction process 
by capturing semantic meaning. Third, an LLM is incorporated as a judge, leveraging its 
extensive pre-training knowledge. Last, all available data is fed into a statistical learning 
model to condition the final idea quality prediction against a gold standard. Previous



156 P. Gordetzki

research has demonstrated the benefits of building pipelines around statistical learning 
to improve text quality in other contexts [16]. Based on predefined requirements, the 
development and demonstration of this pipeline yielded design knowledge that can be 
distilled into the following design principles (DPs). 

DP1: Granular Scoring Objective. The goal of an evaluation pipeline is to assess 
idea quality with maximum accuracy. However, as the aggregation level of the scor-
ing objective increases, more facets must be incorporated. Previous approaches to idea 
evaluation have primarily focused on assessing overall idea quality [8] or individual sub-
dimensions, such as novelty [20]. This research adopts the multidimensional framework 
proposed by Dean et al. [12], evaluating ideas based on novelty, feasibility, relevance, and 
specificity. Initial experiments with the LLM-as-a-judge module indicated that perfor-
mance improves with more granular scoring objectives. Similar to a scale in behavioral 
research, the final pipeline includes explicit inclusion and exclusion criteria. For instance, 
when assessing novelty, the model is prompted to evaluate originality while explicitly 
excluding paradigm-relatedness [12]. Granular scoring objectives support the multidi-
mensional nature of idea creativity (DR1), facilitate the inclusion of company-specific 
criteria (DR2), and enable details-on-demand, such as disaggregated scale-item scores, 
to provide decision-makers with tailored insights (DR3). 

DP2: Contextual Knowledge Integration. To enhance the relevance of predictions 
(DR3) and incorporate contextual knowledge (DR2), the pipeline integrates two types 
of contextual information. First, task data consists of historical examples from prior 
idea evaluation campaigns, ensuring structural alignment with the current task. Second, 
provider data adds company-specific context, such as product portfolios or descriptions 
of corporate capabilities. The pipeline’s instantiation in a real-world setting involves a 
Swiss-based transportation company seeking to innovate the future of train travel. By 
scraping data from the company’s website, a reference corpus of 12 products was com-
piled, detailing the firm’s offerings. The idea evaluation pipeline employs OpenAI’s text-
embedding-3-large model to convert product descriptions into numerical embeddings 
[23], which are subsequently processed to generate task- or provider-specific features 
using cosine similarity measures [5]. The pipeline ensures a multidimensional repre-
sentation of idea creativity (DR1) and enables the definition of features specific to each 
evaluation criterion. 

For each criterion, the pipeline calculates multiple features:

• Novelty: Novelty is approximated by computing the embedding distance between a 
new idea and its nearest neighbor within the pool of prior ideas, following Just et al. 
[20]. Additionally, the mean embedding distance between all prior ideas and the new 
idea is computed.

• Feasibility: Feasibility is estimated using the product portfolio embeddings to deter-
mine how well an idea aligns with the company’s capabilities. Distance calculations 
are performed relative to the nearest product and the mean of all products.

• Relevance: Relevance is measured by the similarity between an idea and the challenge 
at hand. No aggregation is applied to this measure.
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• Specificity: Various constructs exist for measuring specificity, such as the Flesch 
readability index [7]. However, given the typically short length of submitted ideas, a 
simple measure of idea length proved to be the most predictive. 

DP3: Idea Quality Scoring. The pipeline synthesizes information from three sources 
to predict idea quality. First, OpenAI’s gpt-4o-2024-08-06 model is prompted to provide 
an initial quality assessment. Second, engineered features derived from the embedding 
model enhance the predictive process. Finally, a statistical learning model is trained 
using a gold standard dataset. The reference corpus was constructed by posting the 
innovation challenge from the train company to Prolific, yielding 160 idea submissions, 
in line with previous gold standard datasets for analytic pipelines. Subsequently, an 
independent Prolific panel was recruited to evaluate these ideas. A total of 88 partici-
pants each assessed 10 randomly assigned ideas while completing two attention checks. 
Each idea received at least eight independent evaluations across novelty, feasibility, rel-
evance, and specificity. The inter-rater reliability analysis yielded an average intraclass 
correlation coefficient (ICC) of 0.63, indicating sufficient agreement [24]. The evalua-
tion pipeline was implemented using a Support Vector Regression trained via five-fold 
cross-validation. The model assesses all information from previous steps in the pipeline, 
e.g., the LLM-as-a-judge ratings and engineered features from embeddings. They have 
been reduced using a UMAP reduction [25] to ten dimension to balance the number of 
features. Detailed results and alternative models are presented in Sect. 4.4. 

4.3 Evaluation Pipeline Reference Model 

The reference architecture presented in Fig. 2 illustrates a structured pipeline for eval-
uation tasks. The framework is divided into three primary phases: Design and setup, 
preparation and training, and scoring and operation. 

Design and Setup. This phase establishes the foundational requirements and con-
figurations necessary for the pipeline. It begins with defining the scoring objectives 
and requirements, which include inclusion and exclusion criteria, task examples, and 
domain-specific instructions. Additionally, context-specific instructions are created to 
incorporate both task and provider-specific contexts. Reference data is retrieved, bun-
dled into task and provider corpora, and prepared to match the scoring objectives. Key 
features are identified, including task-specific, provider-specific, aggregation level, and 
distance measures. To ensure alignment with quality standards, a gold-standard reference 
is established through model selection and expert panel scoring. 

Preparation and Training. The pipeline integrates a General Purpose Chat Model 
(GPCM) to generate task corpus scores and embeddings. These embeddings are enriched 
by a General Purpose Embedding Model (CPEM), producing representations for both 
task and provider corpora. Feature engineering is performed using these embeddings 
to extract task-specific and provider-specific features. Simultaneously, a gold-standard 
scoring mechanism is applied to the task corpus, yielding gold-standard scores. These 
scores are used to train a fine-tuned gold standard model, leveraging the pre-engineered 
features to refine scoring accuracy. In total, the pipeline combines three approaches
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Fig. 2. Reference pipeline 

to idea evaluation with varying levels of LLM-augmentation and contextualization, as 
detailed in Table 1. 

Scoring and Operation. Once the model is trained, the pipeline transitions to the 
scoring phase. For new tasks, embeddings are generated, and features are engineered 
using the general purpose models. These features are subsequently scored by the gol 
standard model, providing quality assessments tailored to the scoring objectives defined 
earlier in the pipeline. 

4.4 Evaluation 

During the evaluation, the predictive performance of three individual approaches—sta 
engineered features, semantic representation using embeddings, and LLM-as-a-judge— 
is compared to the results obtained from their combination in the evaluation pipeline.
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Table 1. Approaches employed in the pipeline. 

Approach Level of 
LLM-augmentation 

Level of 
contextualization 

Description Supporting 
literature 

Feature 
engineering 

Low Medium LLMs provide 
embeddings that 
are used to 
calculate features 
based on a given 
context 

[8, 9, 20] 

Embeddings Medium Low The embeddings 
are directly used 
for prediction. 
Contextualization 
is only based on 
pre-training of the 
LLM 

[4, 5] 

LLM-as-a-judge High High The embeddings 
are directly used 
for prediction. 
Contextualization 
is only based on 
pre-training of the 
LLM 

[10, 11] 

Four models are employed for statistical learning, including linear regression (LR), sup-
port vector regression (SVR), random forest regression (RFR), and gradient boosting 
regression (GBR). Each model is assessed using five-fold cross-validation. Given the 
moderate number of ideas in the gold standard, it is anticipated that more complex 
models may struggle with the idea count, motivating the inclusion of simpler statisti-
cal learning models. All statistical and general-purpose models were employed using 
standard parameters, leveling the playing field. 

Two key metrics are considered in the results displayed in Table 2. First, the root 
mean squared error (RMSE) quantifies the predictive error in the scale of the target 
variable. Since the gold standard is derived from Likert scales ranging from 1 to 7, an 
RMSE of 1 corresponds to an error of one Likert point. Compared to other metrics, 
such as mean absolute error, RMSE penalizes larger deviations more heavily. Second, 
R2 represents the proportion of variance in the target variable explained by the model. 
In Table 2, R2 accounts for variance explained by both the engineered features and the 
model’s predictions. 

First, we assess the effectiveness of feature engineering. Each of the four criteria 
includes 1–2 engineered features that serve as input for statistical learning. For novelty 
and feasibility, the explained variance remains low, indicating that these features have 
limited predictive utility on their own. However, for relevance and specificity, over 30%
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Table 2. Evaluation results. 

Available 
modul 

Model 
used 

Novelty Feasibility Relevance Specificity 

RMSE R2 RMSE R2 RMSE R2 RMSE R2 

FE LR 0.91 0.02 1.00 0.09 0.92 0.30 0.77 0.34 

SVR 0.93 1.02 0.96 0.75 

GBR 1.01 1.14 1.08 0.86 

RFR 0.97 1.06 1.05 0.87 

GPEM LR 0.95 0.25 0.99 0.22 1.01 0.28 0.93 0.17 

SVR 0.95 0.98 0.94 0.90 

GBR 1.10 1.04 1.11 1.02 

RFR 1.04 1.02 1.04 0.98 

GPCM LR 0.79 0.35 0.87 0.35 0.74 0.54 0.66 0.50 

SVR 0.77 0.90 0.74 0.70 

GBR 0.83 0.93 0.76 0.71 

RFR 0.80 0.92 0.76 0.72 

GPCM 
OOB 

1.98 0.14 2.04 0.30 1.15 0.54 0.87 0.35 

PIPE LR 0.78 0.39 0.86 0.37 0.74 0.55 0.65 0.53 

SVR 0.74 0.83 0.72 0.72 

GBR 0.84 0.94 0.79 0.72 

RFR 0.81 0.88 0.79 0.69 

Note: FE feature engineering, GPEM general purpose embedding model, GPCM general purpose 
chat model, GPCM OOB out-of-the-box prediction using the GPCM, PIPE Instantiated idea 
evaluation pipeline, Bold best performing in group, Bold + underline best performing overall 

of the variance can already be explained. Given the limited feature set, the simpler linear 
regression model generally outperforms more complex approaches. 

Second, the semantic representations of the ideas from the GPEM are incorporated 
into statistical learning using dimensionality reduction to 10 components via the UMAP 
algorithm. As expected, the inclusion of semantic information provides greater explana-
tory power for novelty and feasibility, as indicated by increases in R2. However, it does 
not achieve the same level of predictive performance as the engineered features for rele-
vance and specificity. Overall, the models struggle to align the semantic representations 
with the gold standard, as evidenced by an increase in RMSE across the board. 

Third, predictions from a GPCM are integrated into statistical learning. Across all 
criteria, predictive performance improves substantially, achieving R2 values exceed-
ing 50% for relevance and specificity. Interestingly, the direct predictive ability of the 
general-purpose model in relation to the gold standard is limited, as indicated by a 
decrease in R2 and an increase in RMSE.
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Finally, all available data from the three approaches are integrated into the evaluation 
pipeline to identify the best-performing configuration. For novelty, the SVM model 
achieves an RMSE of 0.74 and an R2 of 0.39, reflecting a 10% improvement over the 
second-best approach in the pipeline and a 179% improvement over the out-of-the-box 
performance of the general-purpose chat model. For feasibility (R2 = 0.37) and relevance 
(R2 = 0.55), the pipeline outperforms individual approaches, though with more modest 
gains. For specificity, linear regression performs best, achieving an RMSE of 0.65 and 
an R2 of 0.53, significantly outperforming both the general-purpose chat model (R2 = 
0.35) and the second-best approach within the pipeline (R2 = 0.50). 

5 Discussion, Limitations, and Implications 

The proposed idea evaluation pipeline serves as a decision-support artifact designed to 
alleviate the cognitive burden associated with evaluating large volumes of ideas. By 
integrating three distinct approaches to automated idea evaluation, our work contributes 
to the ongoing discourse on how generative AI can be effectively incorporated into 
existing methodologies [4, 5, 10, 11]. While prior research has predominantly relied 
on aggregated measures of idea quality [8], we emphasize the necessity of incorporat-
ing fine-grained quality subdimensions informed by both research [12] and practical 
applications. 

Our approach advances existing automated evaluation methods by combining fea-
ture engineering with embeddings. Although the level of augmentation from LLMs is 
relatively low—since embeddings are processed and aggregated before being used for 
training—this design enables the essential integration of contextual factors, such as 
product and idea portfolios. Our findings indicate that for our gold-standard dataset, 
the predictive performance of standalone feature-engineered models surpasses previous 
approaches [20] in assessing novelty and feasibility while remaining viable for relevance 
and elaboration. 

We also contribute to the integration of embedding-based representations [4, 5], 
which leverage LLM outputs to enhance augmentation but provide limited contextu-
alization. Our results confirm prior research by demonstrating increased explainabil-
ity but also highlight challenges in transferring these methods to other evaluation cri-
teria. Specifically, during our evaluation, embedding-based features underperformed 
compared to traditional metrics like idea length in assessing elaboration. 

Furthermore, we extend the discussion on LLM-as-a-judge approaches [10, 11] by  
showing that while standalone LLM-based predictions have limited practical utility, 
their integration into a structured evaluation pipeline significantly enhances predictive 
performance beyond existing methods. Among the three approaches studied, fully aug-
menting the evaluation process with generative AI appears particularly promising, as 
it capitalizes on the extensive knowledge captured during pre-training while enabling 
context integration through dynamic prompting. 

Our study also contributes to the application of design science research (DSR) in 
addressing the complexities of unstructured data [26], such as idea evaluations, through 
pipeline-based processing. Building on previous DSR artifacts that have leveraged AI 
for text enhancement [16], we introduce a novel pipeline tailored for evaluation tasks,
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incorporating recent advancements in generative AI. By codifying the design knowledge 
gained during the development process, we offer a transferable reference model that can 
be applied to other domains, facilitating broader adoption and further research. 

5.1 Limitations and Future Research 

Despite the contributions of this study, several limitations should be considered. First, 
we instantiated the pipeline using a real-world innovation challenge and extracted data 
from a product portfolio to ensure practical relevance. However, this domain-specific 
implementation limits its immediate generalizability. Future research should explore 
how our reference architecture can be adapted for idea evaluation in different domains 
and innovation stages. 

Second, we utilized a gold-standard idea set as a reference for training our models. 
While this approach supports meaningful predictions, the dataset size was constrained 
due to the rigorous evaluation required. Expanding the dataset or incorporating domain 
experts for refinement could further improve model robustness. 

Lastly, while our study employs generative AI models within the pipeline to enhance 
predictive capabilities, their outputs serve as inputs for subsequent statistical learning. 
As AI technology continues to advance, newer and more sophisticated models will likely 
emerge. However, similar progress is anticipated in embedding models, reinforcing the 
need for integrating multiple techniques within a cohesive pipeline. 
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Abstract. Generative Artificial Intelligence (GenAI) is revolutionizing how indi-
viduals collect information for problem-solving in business applications and in 
everyday life. Two critical concerns in GenAI applications are unhelpful responses 
and poor quality of interactions due to incomplete understanding of human inten-
tions. We design a sensible GenAI framework to enhance performance through 
the incorporation of user intent analysis. The novel framework is assessed with 
exemplary case studies in online education and healthcare applications. Our study 
provides proof-of-concept for practitioners to improve the ability of GenAI agents 
to understand user intent and provide more effective solutions from the user’s 
perspective. 

Keywords: User Intent · Generative AI · Design Science Research 

1 Introduction 

Generative artificial intelligence (GenAI) with the advent of ChatGPT in 2022 has sig-
nificantly transformed how people and businesses access knowledge and information 
for problem-solving [1]. Instead of relying on search engines or online forums for 
user-generated content (UGC), users can now directly consult smart AI agents, such 
as ChatGPT, which produce AI-generated content (AIGC). Additionally, GenAI agents 
are integrated into existing question-answering platforms. For instance, Quora displays 
the AI-generated answer alongside human-posted responses for a given question. Even 
search engines like Google prioritize AI-generated answers at top of the results list. 
However, despite its widespread application, the Qualtrics 4th Annual Consumer Trends 
Report in 2024 revealed that 45% of respondents reported poor quality interactions with 
GenAI, ranking this among the top three concerns about AI usage1 . 

Users, especially non-AI experts, depend on prompts to communicate with AI agents 
[2]. They need to develop effective prompts to convey their context, questions, and 
desired responses. Achieving satisfactory responses often requires multi-turn conversa-
tions, where users must rephrase key parts of their prompts [3]. Figure 1 illustrates the 
current interaction process between users and AI agents powered by Large Language 
Models (LLMs). LLMs are typically pre-trained on extensive publicly available corpora,

1 https://www.qualtrics.com/en-au/ebooks-guides/2024-consumer-trends-report/. 
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such as Wikipedia, and then fine-tuned with customized datasets for specific purposes 
[4, 5]. Upon receiving user queries, LLMs tokenize the prompts into numerical data, 
enabling them to understand the questions. Based on the training datasets, LLMs gen-
erate responses by predicting the probability of next word or token [6, 7]. Very often, 
the difficulties in effectively applying exacting prompts and the multi-turn conversations 
contribute to a poor user experience. 

Fig. 1. Current process of interacting with LLMs 

In this design science research (DSR) project, we address the wicked problem of 
how best to interact with LLMs to receive answers that correspond with user intentions. 
Our objective is to reduce users’ cognitive load by enhancing LLMs’ abilities to under-
stand user intent. Ideally, LLMs should proactively anticipate the type of responses users 
may seek and respond accordingly, instead of relying on users’ statements in multiple 
cycles of prompts. Our study employs the elaborated action design research (eADR) 
process, an instrumental method for managing design science research. The eADR pro-
cess comprises four iterative cycles: diagnosis, design, implementation, and evolution. 
Each cycle involves problem formulation/planning, artefact creation, evaluation, reflec-
tion, and learning [8]. In this study, we apply the eADR process through one cycle of 
diagnosis, two cycles of design, and one cycle of implementation, as illustrated in Fig. 2. 

Fig. 2. eADR process 

In the diagnosis cycle, we identify the problem space by literature review and inter-
viewing end users to formally finalize the research question. In the design cycles, we 
explore both descriptive Ω-knowledge and prescriptive λ-knowledge bases for feasi-
ble theorical and technical solutions. A novel framework is, then, proposed to build
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sensible LLMs by enhancing the LLMs’ understanding of user intent and the GenAI 
system’s ability to respond to the enhanced user request accordingly. This framework 
comprises several components, each functionally designed and evaluated through two 
design cycles. Finally, we demonstrate the effectiveness of our framework through an 
exemplary demonstration of implementation, focusing on user intents for seeking either 
objective or subjective information. We perform a proof-of-concept case study with 
online education and healthcare question-answering as business scenarios, as these are 
two critical domains where GenAI is extensively applied. 

2 Diagnosing the Problem Space 

We identify existing problems in interactions with LLMs from two key perspectives: 
users and LLMs. First, users heavily rely on prompts to communicate with GenAI 
agents and prompt engineering has become a popular research topic. Effective prompt 
guidelines often recommend clearly stating the desired output to guide the model toward 
generating relevant content. However, meticulously crafting prompts is challenging for 
non-AI experts, and requires significant cognitive effort [2]. Moreover, users often can-
not perceive significant differences in outputs with or without prompt guidelines [9]. 
Additionally, multi-turn conversations are inevitable for iterative prompt adjustments 
to achieve the desired answer, making the interaction time-consuming and inefficient. 
This practice also incurs higher financial costs for users and firms subscribing to LLM 
services due to increased token traffic. 

On the other hand, LLMs have their own limitations during text generation. Gao 
et al. [10] highlight the “safe answer problems”, where neural models tend to gener-
ate meaningless and generic responses. Amirizaniani et al. [11] investigate pre-trained 
LLMs, such as GPT-4 and Llama2-Chat-13B, and find that these models often fail to 
produce reasonable and contextually appropriate responses to open-ended queries. 

When a user asks a question, it often carries a specific intent. For example, a Quora 
question like “What could a tourist in London do in the event of a medical emergency, 
e.g., heart attack?”2 typically receives highly upvoted human answers that share per-
sonal experiences and opinions, indicating a preference for subjective-oriented content. 
However, GenAI agents, such as ChatGPT, tend to provide strictly objective informa-
tion, such as calling 999 or purchasing travel insurance. This demonstrates that current 
LLMs often fail to discern user intent or purpose of retrieval from the question itself. 

To further explore this issue of understanding user intent, in addition to an extensive 
literature review including academic publications as mentioned above and industrial 
reports listed in the introduction, we conducted semi-structured interviews with end 
users, including 4 graduate students, 1 faculty member, and an employee from a US hos-
pital, to gather firsthand information about user experience. Participants were selected 
using convenience sampling, consisting of those who were readily accessible to authors 
and willing to participate in the study. The results, aligned with findings from literature 
review, reveal that users expect GenAI agents to intuitively understand their underlying

2 https://www.quora.com/What-could-a-tourist-in-London-do-in-the-event-of-a-medical-eme 
rgency-e-g-heart-attack-I-heard-the-NHS-has-long-queues-and-does-not-offer-costly-treatm 
ents-like-coronary-stents-to-non-UK-citizens. 

https://www.quora.com/What-could-a-tourist-in-London-do-in-the-event-of-a-medical-emergency-e-g-heart-attack-I-heard-the-NHS-has-long-queues-and-does-not-offer-costly-treatments-like-coronary-stents-to-non-UK-citizens
https://www.quora.com/What-could-a-tourist-in-London-do-in-the-event-of-a-medical-emergency-e-g-heart-attack-I-heard-the-NHS-has-long-queues-and-does-not-offer-costly-treatments-like-coronary-stents-to-non-UK-citizens
https://www.quora.com/What-could-a-tourist-in-London-do-in-the-event-of-a-medical-emergency-e-g-heart-attack-I-heard-the-NHS-has-long-queues-and-does-not-offer-costly-treatments-like-coronary-stents-to-non-UK-citizens
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intent, thereby reducing the cost and cognitive load of developing prompts for com-
plex questions. For example, the employee from hospital emphasized that both doctors 
and patents face time constraints and various pressures, supporting the requirement for 
minimal inputs to GenAI tools essential. 

Therefore, the goal of this study is to improve the efficiency and effectiveness of 
communication between humans and GenAI agents. We propose that LLMs should 
proactively understand user intent, rather than relying on sophisticated, multiple cycle 
user prompts. By understanding user intent and expectations, LLMs can generated rel-
evant content instead of providing generic “safe” answers. We formally propose the 
research question: How can LLMs understand user intent and generate responses 
accordingly? Our design enhancements aim to provide a new direction and potential 
solution for LLM practitioners to improve content quality and user experience. 

3 Exploring the Solution Space 

User intent is a well-established theory in the Information Systems (IS) discipline. The 
initial research stream relates to behavioral intention for technology adoption [12–16]. 
This is followed by a more nuanced perspective, psychological intention, where research 
shifts toward understanding users’ purposes or goals when interacting with adopted tech-
nology, with the research objective of better meeting user needs, such as in recommender 
systems and information retrieval applications [17–19]. In this stream, user intent refers 
to the underlying reason, goal, or purpose in information retrieval, i.e., user search intent 
[20, 21]. For instance, in recommender systems, incorporating user intent, particularly 
real-time intent, can boost online shopping conversion rates [17]. Our study closely 
relates to the second stream, extending user intent into the building of GenAI agents. 
Interacting with GenAI agents in question-answering contexts serves the purpose of 
information retrieval, where users seek satisfactory responses to their queries. 

A literature review on the taxonomy of user intent reveals that creating a univer-
sal taxonomy is impractical. Instead, user intent is contextually relevant and should be 
specified based on the application scenario or research purpose. Mohasseb et al. [22] 
summarize user intent categories in question-answering systems. For example, Bu et al. 
[23] classify questions into fact, list, reason, solution, definition and navigation based on 
user goals. User intent varies significantly across different business domains. Ren et al. 
[24] utilize prompt engineering to build a healthcare consultation chatbot, categorizing 
questions as medical diagnosis, explanation, and recommendation. Shao et al. [25] intro-
duce an intent taxonomy for legal retrieval users, including search for particular cases, 
characterization, penalty, procedure, and specific individual interest. 

In LLM interactions, user intent encapsulates the primary goal behind a user’s 
inquiry. This intent is specified by, or operationalized through user expectations [20]— 
the anticipated outcomes or requirements that dictate how the system should fulfill 
the user’s request [26]. In this study on LLM applications, we specify user intent in 
a hierarchical structure of expectation for generated outcomes: syntactic expectation 
and semantic expectation. Syntactic expectation refers to the basic requirement that the 
answer should be structurally correct according to the question. For example, a con-
firmation question should be answered with “Yes” or “No” [22], while an open-ended
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question expects a body of textual description. Syntactic expectation has been well stud-
ied and current LLMs can distinguish different question types and provide an expected 
syntactic answer structure. 

A higher-level user intent involves semantic expectation, where the content should 
be semantically desirable to the requester. Wang et al. [27] evaluate a series of LLMs, 
including GPT-3.5, GPT-4, Claude-3-opus, and others, across various semantic intents, 
such as factual QA, advice-seeking, and creativity. They find that current LLMs excel in 
objective contexts but are relatively weak in subjective scenarios. Therefore, advancing 
LLMs’ linguistic ability based on users’ semantic expectation is crucial, which is the 
focus and contribution of this study. 

With the rise of GenAI, various techniques are emerging to enhance LLM per-
formance to better handle semantic expectations. We investigated three main tech-
niques: prompt engineering, fine-tuning, and retrieval augmented generation (RAG). 
Prompt engineering involves crafting effective prompts to guide the model’s responses 
[28], while fine-tuning aims to adjust a pre-trained model on specific tasks or datasets 
to improve its performance [29]. RAG combines retrieval-based methods on context-
specific data sources with LLMs together to fulfill query tasks [30]. When a query is 
made, the LLM first retrieves information from external data sources to gather rele-
vant and timely information, which is then passed to the LLM via prompt engineering. 
Finally, a response is generated based on the user’s query and the collected information. 
Table 1 summarizes the main characteristics of these three techniques. 

Prompt engineering is the easiest method to implement. Typical methods include 
Chain-of-Thought (COT), zero-shot learning, and few-shot learning. Users need to elab-
orate their intent in the prompts through a simple ask (i.e., zero-shot learning, such as 
“Please give me some examples”), or few examples (i.e., few-shot learning), or the 
reasoning process (i.e., COT) [28]. This technique is generally effective for standard 
and simple problems but may not suffice for complex tasks, or those beyond current 
LLM capabilities. RAG utilizes external, up-to-date data sources to complement trained 
LLMs. However, with large datasets, the retrieval process can be slow and is repeated for 
every query. Although RAG enhances information accuracy, it cannot regulate content 
semantically. 

Fine-tuning involves feeding additional corpora into LLMs, enabling them to acquire 
new information and language characteristics for future text generation tasks. It is essen-
tial to choose the appropriate technique based on the specific task and purpose. Our 
framework adopts fine-tuning as the optimal strategy for enhancing user intent under-
standing in LLMs, as opposed to prompt engineering or zero-shot methods, due to its 
capacity for systematic, parameter-level adaptation. While prompt engineering relies on 
surface-level textual cues to guide outputs, it often fails to address the hierarchical and 
contextually nuanced nature of user intent. Fine-tuning, by contrast, enables the model 
to internalize domain-specific patterns of intent-expression alignment through exposure 
to curated training data, thereby refining its ability to decode underlying user intent. The 
extra domain-specific dataset with predefined semantic properties will enhance LLMs’ 
ability to generate semantically relevant text based on its training data. 

Thus, we propose a novel framework, as shown in Fig. 3, to enhance LLM perfor-
mance by understanding user intent. Previous studies on LLMs indicate that syntactic
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Table 1. Comparison of Techniques to Manage Semantic Expectations 

Technique Main 
function 

Requiring 
dataset 

Training 
involved 

Computation-demanding Retrieval-repeated 

Prompt 
engineering 

Crafting 
effective 
prompts to 
guide 
LLMs text 
generation 

No No No No 

Fine-tuning Train 
pre-trained 
LLMs with 
new dataset 
for specific 
tasks 

Yes Yes Yes No 

Retrieval 
augmented 
generation 

LLMs 
retrieve 
external 
data 
sources to 
collect 
relevant 
information 
then feed 
them into 
LLMs via 
prompt 
engineering 
to generate 
responses 

Yes No Yes Yes 

expectations are achieved during the pre-training stage, where LLMs acquire basic lan-
guage abilities through extensive training on public corpora [4, 5]. Therefore, this study 
primarily focuses on semantic expectations, where the responses should be semantically 
appropriate to meet inquirers’ expectation. 

The first innovation of the framework is the proposal to develop specialized LLMs 
for each application domain, each meticulously fine-tuned to address specific user intent, 
as depicted in the “Building LLMs” component in Fig. 3. These LLMs are trained on 
corpora with predefined semantic characteristics, enabling them to generate content with 
similar sematic attributes. With the economic availability of computing resources, it is 
feasible to construct multiple LLMs, each with distinct characteristics, to fulfill different 
domain tasks. In this way, multiple specialized LLMs can collaborate to address a wide 
range of user needs. 

Upon receiving user queries, the LLMs analyze these questions to detect potential 
semantic intent, as illustrated by the “User Intent and Question Analysis” component in
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Fig. 3. Novel framework to design sensible LLMs 

Fig. 3. For instance, in the field of educational consultation, user intent may involve 
seeking objective information (e.g., the ranking of different schools) or requesting 
advice/evaluation, which constitutes subjective content. Supervised learning or GenAI 
can be employed to achieve this functionality. The output of this component is a specific 
user intent derived from the input prompt. Subsequently, one of the specialized LLMs, 
fine-tuned for that user intent, will be triggered to respond. 

4 Proof-of-Concept Evaluation 

We use online education and healthcare question-answering as the business scenarios 
and take objectivity/subjectivity as types of user intent to illustrate how our framework 
operates. Objectivity is a significant metric influencing content quality [31, 32]. Previous 
research on user-generated content, such as those in question-answering forums, shows 
that objectivity and subjectivity impact content quality [33–35]. The inquirer anticipates 
factorial or objective statements, opinions or subjective evaluations, or a mix of both for 
a given question. Some questions can be solved by the ground truth, such as “What is 
normal blood pressure by age?”, while others may require self-opinions and evaluations 
to make the argument convincing, like user reviews. Such properties can be characterized 
as objectivity versus subjectivity [34, 36, 37]. For instance, one of the studies about the 
Q&A community by Mousavi et al. [35] demonstrates that people give higher credit to 
objective answers for healthcare-related questions. 

We examine whether pre-trained LLMs can satisfy user intent by comparing human 
answers with those from pre-trained LLMs. We collect data from Quora.com, a popular 
question-answering community. Approximately 1,400 questions and their most upvoted 
human answers are gathered under the topics of education and healthcare. These ques-
tions are then prompted into GPT-4 and Llama 2-Chat-7B models, two mainstream 
LLMs, to get the pre-trained LLMs’ responses using three versions of prompts, as listed 
in Table 2. 

A neural network was constructed to analyze the objectivity degree of answers at the 
sentence level. We adopted the same training dataset as Park et al. [26] and Pang and Lee

http://quora.com
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Table 2. Prompts for Pre-trained LLMs’ Responses 

Version Prompt 

Simple ask You are a helpful AI assistant. Please help to answer this question 

Steered to be objective You are a helpful AI assistant. Please help to answer this question 
and try to be objective 

Steered to be subjective You are a helpful AI assistant. Please help to answer this question 
and try to be subjective 

[29], which includes 5,000 IMDb plot descriptions labeled as objective, and 5,000 movie 
review snippets labeled as subjective. The neural network generated the probability of 
a sentence being objective, labeling it as objective if the probability exceeds 0.5. Our 
model achieves an accuracy over 90%. The objectivity degree of one answer, ranging 
from 0 to 1, is quantified by the percentage of objective sentences, as shown in Eq. (1). 

Answer
′
s Objectivity Degree = 

#of Objective Sentences 

#of Sentences 
(1) 

Figure 4 presents the distribution of objectivity degree in human answers and responses 
from pre-trained LLMs (i.e., GPT-4 and Llama 2-Chat-7B). Human answers exhibit a 
balanced distribution pattern, while responses from pre-trained LLMs tend to be highly 
objective. Note that human answers with the most upvotes are well-recognized by mem-
bers and indicate high quality. The distinct divergence suggests that pre-trained LLMs 
cannot adequately satisfy user intent when subjective responses are desired, consistent 
with findings from previous studies. Next, we demonstrate how our framework can 
improve LLMs to respond with subjective content. 

Fig. 4. Objectivity distribution of human answers and pre-trained LLMs responses
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The first step was to fine-tune multiple specialized LLMs. To illustrate, three LLMs 
were constructed, each designed to meet user intent with varying degrees of objec-
tivity: low, medium, and high. We collected 29,530 question-answer (top 10 upvoted 
answers) pairs under the topics of education and healthcare from Quora. The dataset 
was divided into three subsets based on answers’ objectivity, as listed in Table 3. The  
Llama 2-Chat-7B model was fine-tuned separately using these subsets. Our fine-tuning 
process employed the Quantized Low-Rank Adaptation (QLoRA) technique with train-
able parameters of about 1.13%, and key hyperparameters included a batch size of 64, 
a learning rate of 2e-5 with a cosine scheduler, a warmup ratio of 0.15, weight decay of 
0.1, a maximum sequence length of 4096 tokens, and 5 epochs. 

Table 3. LLM Versions and Corresponding Fine-Tuning Dataset 

LLM version Answer filter Training dataset 
objectivity 

Q&A Pairs: 
Education/Healthcare 

Full LLM Upvote >=10, 
# of Sentences  >=2, 
# of Words >=10 

[0, 1] 29,530: 12,882/16,648 

Low objective LLM [0, 0.3] 6,648: 2,651/3,997 

Medium objective 
LLM 

[0.3, 0.7] 16,304: 7,807/8,497 

High objective LLM [0.7, 1] 6,578: 2,424/4,154 

Numerous studies have explored possible techniques to analyze user intent based 
on questions, such as text mining and supervised learning. As this is not the focus of 
our study, we will not delve into the technical details of this component. After the ques-
tion’s user intent is determined, a relevant fine-tuned LLM is triggered to respond. Given 
the purpose of this solution--generating content with specific semantic characteristics 
according to user intent--we prioritize the evaluation of semantic characteristics and over-
all content quality. Three evaluation methods are proposed: 1) assessing the capability 
of LLMs to satisfy diverse user intents, 2) incorporating human-in-the-loop verification 
for content quality, and 3) exploring other evaluations, such as GLUE benchmarks. The 
current study focused on the first approach, leaving the others for future work. 

We prompt the same questions into the four fine-tuned Llama models via the simple 
ask prompting method3 . Fig.  5 shows the objectivity distribution of those responses. The 
results demonstrate that specialized LLMs can satisfy different user intents. Specifically, 
responses from the low-objective LLM tend to be subjective, while those from the high-
objective LLM are objective. The medium-objective LLM generates responses with an 
objectivity degree ranging from 0.3 to 0.7. For example, for the question “What could 
a tourist in London do in the event of a medical emergency, e.g., heart attack?” the 
responses from low-objective LLM provided human-like answers as below:

3 We can also classify the user intent of each question using the user intent and question analysis 
for the semantic expectation model and then direct questions to the relevant LLMs. For per-
formance evaluation, we simply prompt all questions into each fine-tuned LLM to assess their 
ability to generate content with varying degrees of objectivity. 
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If you’re a tourist in London, if you have a heart attack or think you have a 
heart attack, call 999. You’ll be sent to A&E. It may not be as clean and shiny 
as your home country’s hospital, but the staff will be friendly and efficient (if 
dour). They’ll hook you up, observe you for a while, run some tests, and then do 
whatever procedure they think is appropriate. Coronary stents, if needed, will be 
on the menu. Cost? £0.00. 

If you’re a national of a country that is part of the European Economic Area 
(EEA), you’re also covered by a public health insurance scheme that will waive 
any charges for you. Even if you’re not EEA, you may still be eligible for free or 
reduced-cost treatment if you’ve recently been employed or studying in the UK. 
The NHS doesn’t advertise this, but they do offer it. If you’re in doubt, call 999 
and ask. 

The NHS may not be as efficient or clean or shiny as private healthcare in the US 
or your home country, but it’s better than nothing. And in the UK, it’s free. 

Fig. 5. Objectivity distribution of fine-tuned LLMs 

5 Research and Practice Contributions 

Gregor and Hevner [38] categorize research contributions of DSR into three levels of 
abstraction: level 1 as situated implementation of artefact, level 2 as nascent design 
theory (i.e., knowledge as operational principle/architecture), and the highest level 3 as 
well-developed design theory. Considering our proposed framework to enable LLMs to 
understand user intent, it is reasonable to categorize the contribution of current work as 
level 2, a novel proposal with design principles for LLMs to fulfill text generation from 
the users’ perspective of question intent. We will elaborate on our contribution following 
Hevner et al.’s [39] guidance on research contributions in DSR, which consists of three 
aspects, the design artefact, foundations, and methodologies. This study addresses the 
first two aspects: the design artefact and foundations. First, we deductively utilize the 
theory of user intent in IS construction and apply it to the context of Generative AI, 
bridging the gap where current LLMs do not consider user intent when responding 
to queries. A novel framework, the main design artefact, is proposed to enable LLMs 
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to understand user intent. We provide a proof-of-concept evaluation by demonstrating 
the framework’s functionality in online education and healthcare question-answering 
scenarios. 

Second, we draw from theory to categorize user intent into syntactic and semantic 
expectations within the application of LLMs. By incorporating user intent into the LLMs’ 
design, we enhance the interpretability of AI tools. The generation of specific semantic 
content can be directly explained through the logic embedded in our framework. This 
study deepens our understanding of how LLMs operate and how to incorporate user intent 
via fine-tuning to improve their performance, contributing to foundational knowledge 
in this field. 

Our research project offers significant practical contributions to the business world. 
During the diagnosis phase, we identify the critical concern of “poor quality of interact-
ing with AI.” Our novel solution incorporates user intent analysis into the entire inter-
action process. This approach aims to facilitate LLMs to proactively understand user 
queries from the user’s perspective and to provide desirable answers from the outset. This 
enhancement benefits end users by offering efficient interactions and user-friendly tools 
that eliminate the need for constructing complex, multiple cycle prompts and reducing 
costs of iterative prompting rounds. 

In addition, the novel framework provides LLM providers with a proof-of-concept for 
improving LLM performances from various stakeholders’ perspectives. Companies can 
boost customer loyalty and trust by deploying reliable and sensible GenAI systems for 
external customers. Reducing prompt length and conversation rounds can help mitigate 
financial costs by decreasing token traffic in third-party API services. Many platforms 
have embedded AI agents into their existing functions. For example, Quora.com, a well-
known question-answering community, displays AI-generated answers alongside human 
answers. High quality GenAI support can inspire human intelligence, allowing users to 
learn from GenAI and develop better answers. 

6 Conclusion and Discussion 

We investigate the interaction processes between humans and GenAI agents in the context 
of question-answering platforms, identifying two critical issues: (1) poor quality of 
interaction and (2) undesired responses due to LLMs’ capability limitations. We explore 
the solution space by leveraging the theory of user intent and propose incorporating 
user intent analysis into LLM construction. Our proposed framework, the core artefact 
of this research, enables LLMs to understand user intent via the use of fine-tuning to 
generate responses correspondingly. An exemplary application is demonstrated in the 
online education and healthcare contexts. 

This study achieves both theoretical and practical contributions. User intent has been 
interpreted across various domains. In the context of LLMs, we propose structuring user 
intent as syntactic and semantic expectations. We focus on addressing semantic expec-
tations using current AI techniques. Via novel technologies, we introduce specialized 
LLMs with distinct semantic capabilities to meet diverse semantic expectations. We 
evaluate potential approaches to enable LLMs to generate content with varied seman-
tics and demonstrate that fine-tuning multiple specialized LLMs can effectively satisfy 
different user intents. 

http://quora.com
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This study has several limitations. First, we take fine-tuning as the primary approach 
to enhancing LLM performance from the user’s perspective (i.e., user intent), leaving 
other possible solutions, such as hybrid methodologies, and concerns, like safety and 
ethical issues, for future exploration. In particular, concerns regarding safety, security, 
and ethical integrity should be thoroughly examined to meet industry standards and 
relevant regulations. On the other hand, the effectiveness of fine-tuning depends heav-
ily on the quality and quantity of the additional training datasets, with high-quality 
datasets requiring labor-intensive curation and, subsequently, demanding substantial 
computational resources. Moreover, this study focuses exclusively on improving single-
turn conversations by measuring response quality to individual queries. Future work 
can explore enhancing LLMs’ understanding of user intent in multi-turn dialogues and 
broader conversational contexts. Lastly, while this study examines LLMs’ application 
in question-answering contexts, they are also widely used in tasks such as document 
creation or summarization. Future research could explore the adaptive application of 
our framework in these contexts. 
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Abstract. This paper designs and implements an artifact for convert-
ing unstructured or semi-structured open data into outputs conform-
ing to the OGC SensorThings API (STA). Motivated by the growing 
influx of heterogeneous data in Internet-of-Things environments, the 
study employs an Action Design Research process to apply formalized 
grammars to Large Language Models (LLMs) to produce valid, STA-
compliant JSON documents. Early prototypes using JSON schemas and 
Pydantic models highlighted the need for stricter control mechanisms 
to handle real-world open data complexity. Evaluation across multiple 
open data sources demonstrates the effectiveness of grammar-driven con-
straints in reducing malformed or incomplete outputs. Three smaller 
LLMs—Qwen 2.5 Instruct, Llama 3.1 Instruct, and Phi-4—were tested, 
showing that grammar length and input context can significantly influ-
ence output quality and model throughput. The findings underscore the 
advantages of embedding strict syntax requirements without sacrificing 
flexibility for diverse use cases. While domain-level validation (e.g., veri-
fying realistic time-series values) remains a future direction, this research 
confirms the promise of grammar-based generation for streamlining data 
ingestion in IoT platforms. The approach facilitates more consistent and 
maintainable pipelines, potentially boosting interoperability and data 
quality in sensor-driven environments. 

Keywords: Open Data · Large Language Model · SensorThings API · 
Context-free Grammar 

1 Introduction 

Organizations increasingly rely on data from internal and external sources to gain 
insights into physical or virtual environments. Among these, Internet-of-Things 
(IoT) sensor readings—typically in the form of time series data—often represent 
valuable opportunities for data collection, capturing continuous measurements 
such as air quality or resource consumption. In addition to proprietary data 
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streams, publicly available or open data can be used and processed to expand, 
complete, or improve the organization’s database. However, these open data 
sources usually have very different structures and formats (e.g., CSV, Excel, 
or domain-specific text formats) since they are published by third parties that 
lack standard schemas. The subsequent effort required to integrate, convert, 
and harmonize such heterogeneous content often leads to costly and inflexible 
Extract, Transform, Load (ETL) pipelines, as each data source with a different 
data format requires a new or modified pipeline [ 14, 17]. 

One way to make data easier to provide and access is through data platforms 
with standardized interfaces. These provide important services such as access 
control, indexing, event handling, and data analysis [ 12]. Beyond these essen-
tial functions, however, the additional complexity of open data—characterized 
by missing fields, inconsistent granularity, and ambiguous descriptions—further 
increases the risk of incorrect or incomplete data sets [ 23]. Although such plat-
forms streamline storage and retrieval, they do not, per se, solve problems related 
to data quality or heterogeneous input formats. Establishing reliable and efficient 
integration mechanisms is important when organizations attempt to combine 
internal data with external open data. Standards like the Open Goespatial Con-
sortium (OGC) SensorThings Application Programming Interface (STA) offer 
a unified data model for IoT environments and prescribe a consistent represen-
tation of Thing, Datastream, and  Observation entities. However, manually con-
verting different open data into STA-compliant JavaScript Object Notation 
(JSON) is time-consuming and error-prone. 

Recent advances in transformer-based Large Language Models (LLMs) offer 
a promising avenue for automating portions of data ingestion. Few-shot prompt-
ing in models such as GPT-3 [ 6] already supports flexible transformations of 
unstructured text into structured formats. Newer LLMs, including on-premises 
models like the Phi4-Model [ 1] and commercial options like OpenAI’s o1 fam-
ily [ 13], extend these capabilities with more advanced reasoning. Additional 
Retrieval-augmented Generation (RAG) approaches [ 19] further refine tasks like 
question-answering. However, the consistent generation of complex data struc-
tures remains challenging, particularly when LLMs must conform to intricate 
or domain-specific standards. Simple JSON schema enforcement can fail if the 
desired IoT schema is context-sensitive, motivating calls for robust mechanisms 
to avoid hallucinations and ensure structured outputs [ 22]. 

Against this backdrop, this study uses an Action Design Research (ADR) 
process model to develop and refine an artifact that translates unstructured or 
semi-structured open data into STA-compliant outputs. The iterative nature 
of ADR encompassing problem formulation, artifact building, intervention, and 
evaluation is well-suited for merging external open data with standardized IoT 
schemas. Drawing on insights from structured-output generation [ 22], we employ 
a formal grammar (expressed via Georgi Gerganov Machine Learning Backus-
Naur form (GBNF)) in the final artifact to guide LLMs toward producing con-
sistently valid data. By coupling advanced language-model capabilities ranging
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from GPT-3 [ 6] to Phi4 and o1 with rigorous IoT data structures, our approach 
aims to reduce malformed outputs and streamline the ingestion pipeline. 

RO: Design and implement an artifact that shapes LLM-generated outputs 
for data platform integration, focusing on converting open data into STA-
compliant structures. 

Our main findings indicate that grammar-based constraints substantially 
reduce the incidence of malformed or incomplete LLM outputs, enhancing reli-
ability for automated data ingestion. Organizations can enforce syntactic and 
structural accuracy while preserving flexibility across varied open-data sources 
by embedding GBNF-driven rules into the generative process. Moreover, we find 
that targeted grammars can limit overhead, offering a scalable path to integrat-
ing external datasets without prohibitive computational costs. 

The remainder of this paper is structured as follows. Section 2 reviews current 
research and related work in the fields of IoT data platforms, formal grammars, 
and LLMs. Section 3 outlines the ADR process model used in this study. In 
Sect. 4, we introduce our GBNF-based grammar and discuss its implementa-
tion to guide LLM outputs. The grammar is subsequently evaluated in Sect. 5. 
Section 6 offers a discussion and evaluation of the proposed approach, highlight-
ing findings and concluding with future research directions and implications for 
practice and further study. 

2 Background 

In this section, we elaborate on our research background based on open data in 
an enterprise context. Besides describing our understanding of IoT data plat-
forms and time series data, we elaborate on the STA Application Programming 
Interface (API) and the use of large language models with context-free grammars. 

2.1 Open Data 

Open data generally refers to data that is freely available for access, use, and 
sharing without restrictions and is technically accessible, for example, delivered 
in non-proprietary and/or machine-readable formats [ 15, 25]. It is usually associ-
ated, but is not limited to, open government or public sector data. Some authors 
emphasize how this promotes transparency, stimulates innovation, and boosts 
economic growth [ 17]. There is some overlap here with the concept of FAIR data 
[ 36], which uses the principles of findability, accessibility, interoperability, and 
reusability to support knowledge discovery and innovation [ 35]. However, the 
adoption of open data faces significant barriers, particularly in enterprise use. 
These include a lack of transparency in dataset descriptions, heterogeneity in for-
mats and licensing, and concerns over data quality, such as missing or outdated 
information [ 17].
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2.2 IoT Data Platforms 

IoT data platforms are a promoter of the use of open data and a tool to overcome 
these barriers [ 17]. A data platform is a centralized infrastructure designed to 
facilitate the ingestion, storage, management, and use of large amounts of het-
erogeneous data [ 9]. It enable companies to process and analyze data sources to 
promote efficient decision-making and drive innovation. Unlike traditional data 
lakes or warehouses, which focus primarily on data storage or structured process-
ing, data platforms provide a comprehensive ecosystem that integrates storage, 
processing, analysis, and governance into a unified framework [ 9]. 

Data platforms play a central role in the emerging data economy, provid-
ing a foundation for organizations to exchange, share, and use data effectively. 
While some data platforms, such as data marketplaces, focus on enabling data 
owners to monetize their data by selling it to other organizations, others con-
centrate on fostering ecosystems for data sharing and collaboration [ 8]. These 
platforms are not inherently commercial but span a range of purposes, from sup-
porting open data initiatives to facilitating private data sharing. They embrace 
the multi-layered nature of digital platforms and act as intermediaries that con-
nect data providers, consumers, and other stakeholders in both commercial and 
non-commercial environments [ 26]. 

In the context of open data, data platforms take on added importance. Open 
data platforms, open data portals, and urban data platforms are examples of 
how these infrastructures can be adapted to facilitate access to government and 
public sector data [ 4, 7, 31]. These platforms provide centralized data repositories 
and tools for visualizing, analyzing, and managing data sharing, making open 
data more accessible and usable for various stakeholders. 

Time series data are central in these examples, as the data platforms often 
rely on IoT data. Time series data consists of observations recorded over time at 
regular or irregular intervals [ 10, 32]. Each data point is defined by its temporal 
arrangement and linked to a timestamp, usually numerical [ 10, 30]. Due to their 
temporal organization, time series data are often classified as semi-structured 
and offer flexibility in handling irregular intervals or additional metadata. This 
makes it particularly suited for integration with structured systems, such as com-
bining Relational Database Management System (RDBMS) with Time Series 
Database (TSD), enabling scalable and efficient management of IoT infrastruc-
tures [ 5]. 

2.3 SensorThings API 

The STA is a standardized framework developed by the OGC to facilitate the 
seamless integration of various IoT devices, their associated data, and diverse 
applications within a unified, web-based architecture [ 20, 21]. STA is designed to 
improve interoperability between heterogeneous components of the IoT ecosys-
tem. By providing a common data model and a set of RESTful APIs, STA enables 
efficient data exchange and management in different domains [ 20]. Besides, exten-
sions to the core data model are available (e.g., [ 3]).
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Fig. 1. OGC STA sensing data model. 

The STA data model consists of two main parts: the sensing part (see Fig. 1) 
and the tasking part [ 21], whereby the tasking part does not play a central role in 
this paper. The former allows IoT devices and applications to CREATE, READ, 
UPDATE, and DELETE IoT data and metadata in a STA service [ 20]. At the 
same time, the latter extends the specification to enable direct control of devices 
through standardized commands. The sensing data model contains eight enti-
ties that structure and organize observation data. At the center is the Sensor 
entity, which observes phenomena and collects data. A Sensor may be physi-
cal, such as a thermometer, or a virtual source, such as a software metric. Each 
Sensor is associated with one or more Datastreams that group observations by 
measured properties (ObservedProperty). For example, a sensor measuring tem-
perature and humidity can store each data type in distinct Datastreams. Each  
Observation can reference a FeatureOfInterest, such as a location or environ-
mental aspect, ensuring contextual meaning. Meanwhile, a Thing represents any 
physical or virtual entity being monitored, anchoring the datastreams. Location 
links Things to precise coordinates. For dynamic Things that move over time, 
HistoricalLocations record positional histories. 

2.4 Large Language Models 

LLMs are prominent examples of Generative Artificial Intelligence (GenAI). 
They are usually trained as text-completion models that can be fine-tuned or 
adapted for specific objectives. Reinforcement learning has enabled these mod-
els to excel at diverse tasks, from instruction-following conversational agents like 
ChatGPT to specialized content generation. Their outputs typically appear in 
human-readable text, fostering intuitive, natural language interactions between 
humans and machines. Moreover, by leveraging language understanding and gen-
eration capabilities, tasks such as summarization, style-based text transforma-
tion, translation, and question-answering can be tackled effectively [ 6]. 

Beyond these foundational applications, LLMs increasingly power higher-
level implementations, serving as both information retrieval engines—often 
enhanced via RAG [ 19]—and automated data pipeline components. Notably, 
they continue to grow more sophisticated, not only through scaling to billions 
of parameters (for example, Llama3.1 exceeds 400 billion parameters [ 11]) but
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also by incorporating novel techniques like chain-of-thought prompting [ 34] and  
advanced reasoning frameworks such as the o1 family of models from OpenAI 
[ 13]. Meanwhile, open-source models like the Phi4-Model [ 1] and Llama3 [ 11] 
offer on-premises alternatives for custom software stacks. Although LLMs excel 
at generating natural language, many enterprise workflows require structured, 
validated outputs to feed subsequent processing [ 22]. As a result, bridging open-
ended text generation and rigid downstream systems poses a non-trivial chal-
lenge. 

2.5 Context-Free Grammars and BNF 

Formal grammar is a foundational concept in the theory of computation, 
enabling the precise definition of valid strings in a language. Among various 
classes of grammars, Context-free grammars (CFGs) is particularly important 
for specifying hierarchical syntactic structures, as often required in programming 
languages and many domain-specific scenarios. In a CFG, a set of production 
rules dictates how each nonterminal symbol can be replaced by sequences of 
terminal and nonterminal symbols. By applying these rules step by step, a valid 
string in the language is derived, forming a derivation tree that illustrates the 
syntactic hierarchy [ 16, 28]. However, not all languages or phenomena can be 
captured with CFG, motivating more advanced grammar formalisms [ 33]. 

A commonly used notation for expressing CFGs is the Backus-Naur form 
(BNF), where rules follow the pattern <nonterminal> ::= <expression>, with  
expressions combining terminals (explicit characters or tokens) and nontermi-
nals (further syntactic categories). Variants such as Extended BNF (EBNF) add 
constructs for repetition, grouping, and optional elements, providing greater suc-
cinctness and readability [ 18]. Modern standards and specification documents 
often appear in the EBNF notation. 

Building on these ideas, GBNF adds a handful of convenient syntactic sim-
plifications. This design suits LLM-driven pipelines where output must conform 
to a particular structured format. For example, GBNF can mandate strict JSON 
shapes or domain-specific tokens in ways that might be cumbersome to imple-
ment via e.g. EBNF. By embedding such grammars into LLMs, developers gain 
stricter control over generated content, ensuring that any output-such as JSON, 
specialized protocol instructions, or domain-specific notation-meets formal syn-
tactic criteria. 

3 Method 

This research applies an ADR approach [ 24], chosen for its explicit focus on 
iterative artifact development within the real-world context of integrating open 
data into IoT data platforms. By structuring the inquiry into four main cycles 
(Diagnosis, Design, Implementation, and  Evolution), ADR emphasizes continu-
ous improvement through repeated collaboration and feedback. Each stage sup-
ports multiple intervention cycles of artifact creation, evaluation, reflection, and
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learning. In our work, we leverage these cycles to incrementally build, refine, and 
evaluate a grammar-based approach for converting open, heterogeneous data into 
STA-compliant outputs. 

In the diagnosis phase, the challenge of converting unstructured or hetero-
geneous data for use in data platforms is identified, highlighting problems such 
as inconsistent metadata, ambiguous data layouts, and the need to comply with 
standards such as STA [ 2, 23]. As discussed in Sect. 2, these early findings clar-
ified the problem’s scope and underscored the value of a generic solution that 
could function across varied data sources. 

Building on these insights, we enter the Design phase, where we draft require-
ments for a more robust pipeline to guide open-data conversions systematically 
(see also Sect. 4). The Implementation phase centers on realizing and iterating 
this grammar-based solution. As recommended by Mullarkey and Hevner [ 24], we 
treat each iteration as a mini-cycle, including building or extending the grammar, 
deploying it against new data sources, and refining it based on observed gaps. 
This produced a specialized GBNF that enforces precise syntactic structures 
while allowing flexible data extraction. We reduced parsing errors and improved 
output consistency by formally specifying which keys, tokens, or nesting lev-
els are required. The latest iteration, featuring the grammar-based approach, is 
covered in detail here to maintain clarity while acknowledging earlier prototypes 
and insights. 

To assess the viability of our final design, we then move into the Evolution 
cycle, where we quantitatively test the grammar-based approach under differ-
ent settings. As detailed in Sect. 6, we evaluate how varying context lengths, 
from truncated minimal descriptions to more extensive data, impact the gener-
ated outputs, observing that longer prompts allowed better alignment between 
the grammar and LLM outputs without significantly increasing computational 
overhead. Moreover, using multiple data sources (including structured tables, 
partially descriptive text, and more complex combined formats) verifies that our 
grammar-based artifact reduces formatting errors and supports broader open-
data needs. Notably, including more detailed grammar rules generally improved 
the precision of extracted information without prolonging generation times. 

Following Mullarkey and Hevner [ 24], we document how lessons from one 
iteration inform the next, enabling continuous improvement based on real-world 
feedback. By sharing this evolutionary development, the paper contributes both 
a replicable methodology (grounded in ADR) and a concrete grammar-based 
pipeline for LLM-driven data ingestion. Our final approach—combining LLMs 
with a stringent grammar—demonstrates a reliable method for converting open 
data into sensor-platform-ready payloads conforming to interoperability stan-
dards like the STA. Lastly, in keeping with ADR’s emphasis on effectively com-
municating outcomes, we formulate our findings in Sect. 6 that confirm the solu-
tion’s strengths and identify areas for future improvement, illustrating how struc-
tured iterations and reflections guided the artifact’s overall development and final 
evaluation.
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4 Design and Development 

After identifying a need to reliably transform heterogeneous open data into STA-
compliant formats, we conducted three major design iterations. The final itera-
tion culminated in a grammar-based approach that became central to our data 
pipeline. This section details the considerations for the LLM runtime and the 
chosen models (Sect. 4.1), as well as the evolution from the earliest prototypes 
to the final design (Sect. 4.2 and 4.3). 

4.1 Foundational LLM Setup and System Prompt Configuration 

We chose three different models, each chosen for capability, cost efficiency, and 
size, as the basis for data ingestion and parsing. First, we used the Llama 3.1 
Instruct model with 8 billion parameters, published by Meta [ 11]. This model 
is highly popular in the open-source community and supports extended con-
text windows of up to 129k tokens. Second, we ran Phi-3, a 14-billion-parameter 
model published by Microsoft that handles up to 16k context tokens [ 1]. Although 
larger than Llama, Phi-4 exhibits more advanced capabilities on some bench-
marks and was released more recently. Third, we used Qwen 2.5 Instruct with 
7 billion parameters, published by Alibaba [ 27]. We obtained all models from 
Hugging Face 1. We opt for smaller parameter counts to manage resource costs, 
especially in an enterprise scenario where these LLMs might be integrated into 
a data pipeline. 

All model inference is performed using the llama.cpp project, configured to 
treat each request as a text-completion task rather than a chat prompt. Our 
extensive system prompt—consisting of over 3,400 tokens if processed with e.g. 
the Llama3 tokenizer—plays a central role in determining the quality of the 
extracted information. Within this system prompt, we specified: (1) general 
instructions about extracting all relevant information from the raw text, (2) 
detailed documentation for every STA data model field to ensure consistency 
with the standard’s requirements, including structural rules for valid JSON, and  
(3) one worked example (in markdown) illustrating how a text snippet with an 
unknown structure can be turned into a manually verified STA-compatible JSON 
output. Once the system prompt is established, we add the actual data as the 
task for the model to solve, ensuring each new transformation request follows 
the same prompt template. 

Before sending a piece of text to the LLM, we convert the original input 
data, frequently available in PDF or other formats, into markdown using the 
Marker tool 2. Although the LLM models can handle substantial context win-
dows, we standardized input size to a maximum of 10k tokens to avoid inconsis-
tencies across models with different upper limits (such as 16k or 128k tokens). 
Any content exceeding that length is split into multiple chunks, each processed 
independently. Ensuring that each model’s output would fit seamlessly into an

1 https://huggingface.co/. 
2 https://github.com/VikParuchuri/marker. 

https://huggingface.co/
https://huggingface.co/
https://huggingface.co/
https://github.com/VikParuchuri/marker
https://github.com/VikParuchuri/marker
https://github.com/VikParuchuri/marker
https://github.com/VikParuchuri/marker
https://github.com/VikParuchuri/marker
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automated pipeline proved more challenging than shaping the input. We initially 
attempted to rely solely on carefully crafted system prompts and example out-
puts, but this method does not guarantee perfectly structured JSON for further 
machine processing. 

4.2 Preliminary Iterations: JSON Schema and Pydantic Models 

The first iteration employed a plain JSON-schema to validate LLMs-generated 
outputs. While this basic schema can capture minimal required fields, it is too 
rigid to cope with more diverse inputs, often leading to failures when unexpected 
data structures or nested properties appear. 

In a second iteration, we integrated pydantic models with an LLM pipeline 
using LlamaIndex 3 and Guidance 4. This approach does provide stricter type-
checking at runtime. Still, the additional abstraction layers (i.e., Llama-Index 
and Guidance on top of llama.cpp) can lead to a cumbersome implementation 
and make debugging more difficult. Moreover, some model architectures do not 
adapt well to our object-oriented schema, particularly when confronted with 
deeply nested or highly variable data structures. Despite the upfront benefits 
of object modeling, we reached the limits of what an OOP-oriented approach 
can handle, especially concerning complex real-world relationships. Finally, we 
can observe a notable increase in token overhead, as each of the pydantic field 
definitions had to be spelled out in the prompt, further slowing generation speed. 

These preliminary iterations clarify that a purely schema-based or static 
object-based strategy would not sufficiently accommodate the wide-ranging vari-
ety in open data sources. They also reveal that high token usage could become a 
bottleneck for large-scale or cost-sensitive deployments. Consequently, we sought 
a more flexible yet formally constrained solution, leading to the grammar-based 
approach. 

4.3 Final Iteration: Context-Free Grammar for STA Outputs 

To implement this grammar-based approach, we create a context-free grammar 
using GBNF notation, focusing on the primary entities Thing, Datastream, and  
Observation. By embedding these rules either into the LLM prompt or into a 
post-processing validation stage, our pipeline consistently outputs syntactically 
correct and semantically relevant JSON structures that comply with the STA. The 
grammar effectively resolves the variability in open-data formats by establishing 
a robust interface that translates unstructured or semi-structured data into a 
standardized JSON-based representation. 

At the root level, the grammar requires every generated text to describe 
a valid STA object, for instance, a Thing holding one or more Datastreams 
and corresponding Observations. We adopt a similar prescriptive but flexible 
approach to all entities in the STA model, strictly enforcing fundamental keys

3 https://www.llamaindex.ai. 
4 https://github.com/microsoft/guidance. 

https://www.llamaindex.ai
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https://github.com/microsoft/guidance
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https://github.com/microsoft/guidance
https://github.com/microsoft/guidance
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(e.g., name, description) but capturing optional or user-defined fields through 
generalized sub-rules. This structure preserves flexibility for open-data sources 
while ensuring that essential STA fields remain intact. 

As shown in the exemplary grammar fragment in Fig. 2, every  observation 
must contain time-related fields (phenomenonTime, resultTime) and  a  result 
field that may be numeric, textual, or boolean, covering typical sensor outputs. 
Optional elements like resultQuality and featureOfInterests accommodate 
scenarios requiring extra details. 

Fig. 2. Grammar fragment for observation, specifying required and optional fields. 

To guarantee that LLM-generated text adheres to these GBNF rules, we 
convert the final grammar into a classic BNF-style format and parse any candi-
date output accordingly. Any response that cannot be parsed is either rejected 
or subjected to a correction step. We protect downstream processing pipelines 
from syntactical or structural irregularities by forcing every token in the JSON 
structure to match a grammar rule. We tested our approach on a server equipped 
with an AMD EPYC 9334 Processor (32 cores at 2.7 GHz), 64 GB of RAM, and 
an NVIDIA H100 GPU with 20 GB of VRAM, which is sufficient for LLM infer-
ence at around 15 billion parameters in standard precision or larger models in 
quantized modes. 

Embedding a meticulously defined grammar into the generation and val-
idation steps reduces the likelihood of malformed outputs, thus simplifying 
data ingestion into STA-compliant repositories. While this method ensures well-
formedness and consistency of the JSON, additional semantic checks can be added 
in a post-processing phase, such as verifying realistic measurement ranges. The 
grammar-based strategy, therefore, constitutes the core of our proposed design, 
enabling robust integration of open and heterogeneous data sources into IoT 
data platforms that rely on the STA specification. 

5 Evaluation 

The effectiveness of the grammar-based approach is assessed by examining its 
capability to generate valid STA outputs and the computational efficiency of pro-
ducing these outputs under varying configurations. Multiple primary dimensions 
guide this assessment. First, the impact of grammar complexity is measured by 
comparing a long version of the grammar, which includes strict fields (such as
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ISO 8601-enforced timestamps) and optional metadata blocks (dictAny), against 
a short version that removes or relaxes these features to reduce the likelihood of 
hallucinated properties. Second, the influence of different datasets with varying 
degrees of structure and metadata descriptions on the LLM generation process 
is investigated. 

Several open data sources are utilized for the evaluation, each selected for 
its unique structural and content characteristics to test the system’s versatility. 
These datasets are summarized in Table 1. The  UK Inflation 5 dataset combines 
wage and inflation trends presented in raw tables alongside descriptive text. 
This dataset was chosen because it lacks classic time series data, with periods 
described only within the table descriptions, and includes extensive narrative 
explanations for the tables. In contrast, the Tuberculosis Report 6 provides more 
conventional time series data organized in column-based formats, where dates are 
listed in columns rather than rows. Additionally, it contains substantial descrip-
tive paragraphs. The Pollution Statistics 7 dataset primarily consists of charts 
and brief environmental summaries. This format poses significant challenges for 
extracting well-formed STA entities due to the limited textual data and the 
presence of graphical information, which is not easily converted by Markdown 
converters. The United Nations Population Demographics 8 dataset is charac-
terized by its large token size and numerous multi-column tables with minimal 
descriptive text. This dataset was selected to evaluate the model’s capability to 
process extensive numerical information and extract meaningful insights from 
columns without detailed descriptions. Additionally, a concise NYC Air Qual-
ity 9dataset is included, which comes in Comma-separated values (CSV) format 
with accompanying JSON metadata and a short description. This dataset was 
chosen to assess whether the model can effectively handle plain CSV data sup-
plemented with minimal context, facilitating the extraction of relevant air quality 
metrics. Finally, a News Feed of New York Times consisting of diverse articles 
from a single day is included. It covers unrelated topics with no common theme, 
presenting a variety of styles, structures, and subjects, and was selected to eval-
uate the model’s ability to extract structured information from unstructured 
narrative text within a dynamic and diverse set of content. 

To meet the maximum context length of the smallest LLM model of 16,000 
tokens and to provide 6,000 tokens for the system prompt, a pre-processing step is 
required to ensure that the input texts did not exceed 10,000 tokens. The initial 
token count is described in Table 1 in column n.init and represents the token 
count immediately after converting the original PDF documents to Markdown 
format. For example, the Population Demographics dataset has to be reduced by 
removing selected tables to comply with the 10,000 token limit and thus ensure 
sufficient space for the system prompt. The n.long column shows the number of

5 https://data.europa.eu. 
6 https://www.ecdc.europa.eu. 
7 https://www.statista.com. 
8 https://data.un.org. 
9 https://data.cityofnewyork.us. 

https://data.europa.eu
https://data.europa.eu
https://data.europa.eu
https://data.europa.eu
https://www.ecdc.europa.eu
https://www.ecdc.europa.eu
https://www.ecdc.europa.eu
https://www.ecdc.europa.eu
https://www.ecdc.europa.eu
https://www.statista.com
https://www.statista.com
https://www.statista.com
https://www.statista.com
https://data.un.org
https://data.un.org
https://data.un.org
https://data.un.org
https://data.cityofnewyork.us
https://data.cityofnewyork.us
https://data.cityofnewyork.us
https://data.cityofnewyork.us


Grammar-Guided LLM Outputs for Open Data Integration 189

Table 1. Description of used datasets for evaluation. 

Dataset Description n.init n.long n. short
UK Inflation Summarizes pay trends in London and the UK 

since 2010, comparing them to inflation. 
2,743 2,743 686 

Tuberculosis Report Annual epidemiological report based on 2022 data 
from The European Surveillance System. 

6,355 6,355 3,283 

Pollution Statistics Presents data on global environmental pollution, 
e.g. air, water and particulate matter. 

5,105 5,105 238 

Population Demographics Covers population growth, fertility, and mortality 
indicators from UN-Data. 

59,444 8,344 3,390 

NYC Air Quality Contains New York City air quality data with 
pollutant emissions and exposure levels. 

3999 3999 1696 

News Feed Short news articles about different topics. 4117 4117 1221 

tokens of the cleaned Markdown text and reflects the full-length version used. 
Additionally, we created a manually curated short version for each dataset to 
evaluate the model’s performance under tighter input constraints. This involves a 
more granular content removal, where text not directly related to the main data 
extraction objectives is omitted. For example, in datasets containing multiple 
tables, only the sections describing the specific tables targeted for extraction are 
retained, while all other tables and their descriptions are removed. The number 
of tokens for these shortened inputs is displayed under n.short. This shortened 
version evaluated the model’s ability in scenarios with limited context, focusing 
on the conversion aspect rather than comprehensive content extraction. 

This pre-processing approach results in a test configuration comprising two 
grammar lengths, two input token counts (long and short), three LLM models, 
six datasets, and ten iterations per configuration. Consequently, the total number 
of evaluation runs amounts to .2×2×3×6×10 = 720 outputs. After completion, 
all outputs are merged into a single dataset for analysis (results published in 
[ 29]). JSON parsing is successful for all 720 outputs. Our hardware’s average end-
to-end duration (from input to output) is 74.8 s. Overall, the responses of LLM 
exhibited a wide range of lengths. The average minimum response length is 489 
tokens, while the average maximum length is 4,221 tokens. Since our grammar 
imposes an upper limit of 8,192 tokens for the final output, the responses remain 
within the allowable limits. 

This merged dataset captures the full range of configurations-varying gram-
mar lengths, context lengths, datasets, and LLM models-along with several key 
performance metrics. The number of output tokens generated by each model 
indicates the length of the responses, where a higher token count signifies a more 
extensive and potentially more detailed output. Throughput, measured as the 
number of tokens generated per second on average, reflects the computational 
efficiency of the models; higher throughput values denote faster generation of 
outputs. Each output is successfully parsed as JSON, so the counts of Things, 
Datastreams, Observations, and  Locations represent the number of correspond-
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ing STA elements generated in each output. These entity counts provide insight 
into the models’ abilities to extract and structure relevant information from the 
input data. 

Table 2. LLM performance comparison: long vs. short grammar structures. 

Model Grammar Tokens Throughput Things Datastreams Observations Locations 
Phi long 2254 26,6/s 16,0 33,9 83,1 9,8 

short 1895 21,7/s 15,1 32,8 87,6 11,0 
Qwen long 3231 30,4/s 9,8 38,3 121,3 6,3 

short 2426 26,9/s 11,3 44,0 130,3 10,5 
Llama long 1009 36,4/s 15,0 24,8 38,8 8,9 

short 1526 29,2/s 12,2 39,4 66,6 9,7 

Table 3. Impact of input context length on LLM performance metrics. 

Model Context Tokens Throughput Things Datastreams Observations Locations 
Phi long 2017 25,0/s 15,0 35,8 83,3 8,5 

short 2132 28,2/s 16,1 31,0 87,3 12,3 
Qwen long 2845 29,5/s 10,7 45,2 115,7 7,2 

short 2812 32,6/s 10,4 37,1 136,0 9,7 
Llama long 1388 30,7/s 11,8 27,3 44,8 8,2 

short 1147 30,7/s 15,4 36,9 60,7 10,4 

To better understand the impact of grammar (long versus short), the results 
in Table 2 were obtained by averaging the metrics across the six datasets for each 
model, grouped by grammar type. This allowed for a focused comparison of how 
adding more strict fields and optional metadata blocks in the long grammar and 
removing them in the short grammar influences the model output. Conversely, 
Table 3 illustrates how context length long versus short inputs affect the same 
metrics, again aggregated by model. The main findings will be discussed in the 
next chapter. 

6 Discussion and Conclusion 

This study addresses the challenge of converting open, heterogeneous data into 
structures fully compliant with the STA sensing data model. Since we used 
the relational data model when developing the grammar, it is also possible to 
model and use other data models, and it is not limited to STA. By designing
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a grammar-based approach (c.f. Sect. 4) that enforces each Thing to include at 
least one Datastream and one Observation, we ensure that generically ingested 
data aligns closely with typical IoT usage scenarios. In our design, a careful step 
is taken to prevent circular dependencies, particularly in larger models, by e.g. 
nesting HistoricalLocations references under Locations rather than bidirection-
ally linking them back to the Thing. 

We also weigh different design trade-offs to balance strict compliance and 
flexibility. By mandating at least one Datastream and a corresponding Obser-
vation, we eliminate the possibility of an empty Thing, which rarely arises in 
genuine IoT deployments but does exclude data sources that lack sensor mea-
surements. Likewise, we chose to limit the location property to null instead of 
incorporating the entire geoJson grammar, thus curbing the grammar’s growing 
size and lowering the likelihood of malformed output. For further adaptability, 
the properties field remains a simple dictionary to accommodate unstructured 
or domain-specific metadata. Although strongly typed fields can minimize vali-
dation errors, prioritizing open-data interoperability justifies preserving flexible 
key-value content. 

From a model reasoning perspective, specifying grammar rules substantially 
reduces syntactic and structural errors in LLM-generated output. Still, it does 
not prevent unrealistic or questionable data (such as “99999 K”). As explained 
in Sect. 3, our conversion from the GBNF syntax to standard BNF allows us 
to parse each generation before acceptance, ensuring formal correctness. Yet 
domain-level validation, like verifying physically plausible units or timestamps, 
remains future work. Preliminary “repair” strategies, for example, automatically 
retrying upon detection of invalid grammar strings, yield a further boost in 
success rates, pointing to the efficacy of iterative generation in solving minor 
formatting errors. 

Nonetheless, there are limitations in both the grammar design and its applica-
tion. First, our experiments show that deeply nested objects pose a considerable 
risk of confusing LLM output. Restricting the depth of the grammar proves more 
effective than allowing unbounded recursions. Second, because STA servers typ-
ically provide only ID-based responses, referencing an entity by embedding its 
entire data structure is not straightforward. In practice, the POST/PUT logic must 
parse these IDs and compose new calls to fill in the relationships. Third, any 
reasoning undertaken by the LLM or the grammar framework remains partial. 
Although we systematically tested the grammar to ensure it appears correct, 
questions about whether the BNF approach fully captures all STA nuances call 
for comprehensive, domain-level verification. Our efforts also highlight how the 
focus of prompts becomes crucial: using longer or shorter text does not nec-
essarily improve understanding if the prompt loses clarity or overwhelms the 
model. 

Regarding the main findings, we can observe that grammars provide a robust 
strategy to enforce structured outputs. Specifically, requiring specific fields (yet 
preserving user-defined properties) accommodates highly variable data with-
out sacrificing JSON validity regardless of whether the STA or other models are
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used. Among the three smaller LLMs tested, Qwen consistently performs best, 
aligning with developers’ claims that it is well-tuned for generating structured 
output. Interestingly, the generative process remains non-deterministic across 
different runs and the three models. As a result, the same data snippet some-
times emerged as a Thing, and other times as a Datastream, a variation in inter-
pretation that mirrors how human judgment may differ. Another key insight is 
that grammar length and complexity do not slow the generation rate (tokens 
per second). However, we note a trend that a more detailed grammar can, in 
many instances, boost the quality of the output. We also encountered occasional 
catastrophic failures, sometimes producing empty arrays or extremely long out-
puts, including hundreds of tokens with invalid data. A further discovery is that 
adding more context to the input data did not necessarily enhance model accu-
racy if the prompt lost focus. Well-structured, narrower prompts typically prove 
more successful, especially if the input text inherently contains time series data. 
When such data is absent, hallucinated or irrelevant sensor measurements fre-
quently appear. For tables that did not include time series data, entities were 
created, but these were essentially hallucinations because the model, accurate to 
the grammar, generated any output. Overall, these insights highlight a grammar-
based design’s immediate and broader impact. While our focus is on STA, similar 
IoT data platforms can equally profit from structured ingestion of JSON-based 
objects. Our results underscore, however, that deeply nested grammars (like the 
full geoJson specification) can confuse LLMs, especially for models with limited 
parameter counts. We, therefore, emphasize a modular approach, activating only 
the grammar subsets essential for the use case. Moreover, grammar-based output 
constraints show promise for tasks beyond IoT, such as government open-data 
portals and domain-specific knowledge bases that require strictly formatted data 
for automated integration. 

While this work addresses many design considerations, additional steps 
remain. Future directions include merging these grammar-based outputs with 
existing databases, potentially via RAG methods that supply known entity 
names directly to the LLM. Expanding the approach to cover the Tasking por-
tion of STA, implementing advanced domain-level validations, and enabling par-
tial referencing for intricate linking scenarios would further extend the archi-
tecture. We are particularly interested in how more advanced or specialized 
reasoning models [ 34], such as deepseek-r1 10, might improve the interpretative 
process while conforming to grammar constraints. Fine-tuning a dedicated LLM 
on a comprehensive set of successful open-data-to-STA transformations offers 
a promising path to deeper structural understanding; moreover, the process 
described here could be leveraged to generate high-quality training data for such 
a fine-tune. Furthermore, it would be useful to investigate how our approach can 
be integrated and deployed in real IoT data platforms to make it easy to use. 

In conclusion, the grammar-based approach offers a stable foundation for 
ingesting open data into STA-compliant platforms, ensuring formally valid 
and suitably flexible outputs. By systematically translating GBNF to BNF

10 Deepseek-R1 model: https://github.com/deepseek-ai/DeepSeek-R1. 

https://github.com/deepseek-ai/DeepSeek-R1
https://github.com/deepseek-ai/DeepSeek-R1
https://github.com/deepseek-ai/DeepSeek-R1
https://github.com/deepseek-ai/DeepSeek-R1
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for strict syntactic validation and employing simple repair strategies, we elim-
inated syntactic errors and allowed for domain-specific adaptability. Alongside 
the demonstrated viability of smaller LLMs, the findings underscore the impor-
tance of prompt focus, controlled grammar scope, and post-processing checks. 
As IoT technologies evolve, the need for consistent, machine-readable structures 
becomes ever more critical, and our results indicate that grammar-guided gen-
eration can significantly enhance data quality, reduce manual intervention, and 
enable future expansions such as advanced referencing, deeper validations, and 
the integration of improved reasoning models. 
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Abstract. Although the methodology of Design Science Research 
(DSR) is playing an increasingly important role with the emergence of the 
‘sciences of the artificial’, the validity of the resulting artifacts is occasion-
ally questioned. This paper compares three influential DSR frameworks 
to assess their support for artifact validity. Using five essential valid-
ity types (instrument validity, technical validity, design validity, purpose 
validity and generalization), the qualitative analysis reveals that while 
purpose validity is explicitly emphasized, instrument and design validity 
remain the least developed. Their implicit treatment in all frameworks 
poses a risk of overlooked validation, and the absence of mandatory 
instrument validity can lead to invalid artifacts, threatening research 
credibility. Beyond these findings, the paper contributes (a) a compar-
ative overview of each framework’s strengths and weaknesses and (b) a 
revised DSR framework incorporating all five validity types with defi-
nitions and examples. This ensures systematic artifact evaluation and 
improvement, reinforcing the rigor of DSR. 

Keywords: design science research · artifact validity · validity types 

1 Introduction 

With the rise of the ‘sciences of the artificial’ [ 26], Design Science Research 
(DSR) methodology plays an increasingly important role and is gaining ground 
in higher education institutions much faster than in previous years and decades. 
With Hevner [ 8, 9], DSR has become widespread and popular in the field of 
information technology, but also through intensive efforts in German-speaking 
countries, especially in business informatics [ 33], as it focuses on the creation 
of novel artifacts. As technically oriented disciplines often permeate all areas of 
life and play an important supporting role in all subject disciplines, the DSR 
methodology can be applied to the development of new artifacts of all kinds, 
from software to physical tools such as printed teaching materials or human 
body prostheses. 

Although it seems to have been clear among DSR experts for decades what 
DSR can and cannot achieve, e.g. [ 7,17,20,26], this discussion has only just 
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 
S. Chatterjee et al. (Eds.): DESRIST 2025, LNCS 15703, pp. 199–215, 2025. 
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begun in the context of the education, not only for doctoral students but also 
for master’s students, e.g. [ 1,11,14,24,32]. Frequently asked questions are, for 
example: How complex can or must a DSR-based research design be in order 
to be mastered within the framework of a master’s thesis? Is it necessary to 
validate the generalizability of the developed artifact? Is it sufficient that the 
effectiveness of the artifact is evaluated solely in the context of my company? As 
DSR becomes more widely used, doubts arise about the validity of the resulting 
artifacts. 

De Sordi et al. (2020) conducted a content analysis of 152 articles to examine 
the longitudinal development of DSR projects and the types of artifacts involved. 
The results suggest that the use of DSR has grown rapidly over the years and 
that this growth is likely to continue in the future. However, the text further 
states that 86 % of DSR artifact evaluations are unrealistic, which means that 
the criteria used to evaluate the artifact are not practical or feasible in real-world 
scenarios. The authors call for research to make Design Science Research (DSR) 
more accessible and less confusing as authors, reviewers, and editors struggle to 
understand and follow DSR guidelines [ 6]. This may indeed be difficult, especially 
for reviewers who grew up in a world where ’truth’ was only found in the nature 
of descriptive research. 

This paper addresses the examination and comparison of three commonly 
used DSR frameworks, namely Hevner et al. [ 9], Peffers et al. [ 21], and an inte-
grated framework combining Österle et al. [ 33] and Benner-Wickner et al. [ 1], 
and the question: to what extent do these three influential design science research 
(DSR) frameworks support the validity of artifacts? The fundamental question 
arises as to which types of validity are essential for the evaluation of an arti-
fact. And the resulting question of how a DSR framework can be improved to 
emphasize the need for a thorough evaluation of an artifact’s validity. 

2 Methodology 

In order to compare the three DSR frameworks with the question of the extent to 
which they support the validity of artifacts, five validity types were established a 
priori, which were derived both from experience in the assessment and supervi-
sion of DSR-based master’s theses and from the basic literature [ 4, 5,18,19,25]. 

Each of the five validity types (instruments validity, technical validity, design 
validity, purpose validity and generalization) proposed for the artifact evaluation 
in DSR corresponds to several well-known scientific validity concepts, as shown 
in the overview table in Fig. 1. 

The five validity types were then defined and demonstrated using examples 
for application in the context of design science research (DSR), see Sect. 4.2. 
Scoring Guidelines for the Five Validity Types were designed, see Sect. 4.4, and  
applied in the comparative evaluation of the three DSR frameworks, see Sect. 5. 
The resulting scores of the comparative evaluation were than converted into a 
heat map, which serves as a final, summary overview, see Chap. 6. 

The comparative evaluation is essentially based on a qualitative content anal-
ysis according to the guidelines of Kuckartz & Rädiker [ 15]. The core literature
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Fig. 1. Type of validity categories used a priori for qualitative content analysis 

on the three DSR frameworks examined was primarily the subject of the inves-
tigation in order to answer the central research question: To what extent do 
these three influential frameworks of Design Science Research (DSR) support 
the validity of artifacts? 

The three DSR frameworks were selected due to their popularity among mas-
ter’s students. Based on my ongoing supervision of DSR-based theses - especially 
at the Ferdinand Porsche FernFH in Austria - I’ve observed frequent use of these 
frameworks in business informatics and IT. However, the revised framework in 
this paper also enables broader comparisons with other DSR approaches.
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3 Related Work 

Similar work comparing the three selected DSR frameworks in terms of support 
for artifact validity has not yet been conducted. The overview table in Fig. 2 
shows how frequently cited literature on artifact evaluation, and other extensive 
literature, e.g. [ 1– 3, 7– 10,12,13,16,21– 23,27– 31,33], relate to the five validity 
types applied here. 

Fig. 2. Type of validity categories, aligned with frequently cited DSR literature on 
artifact evaluation.
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In particular, ’instrument validity’ as a mandatory prerequisite for a valid 
artifact (see Sect. 4.3) is difficult to find in all three DSR frameworks examined 
here. Sonnenberg & vom Brocke [ 27] is one of the few studies that clearly points 
out the need to evaluate the design and the construct separately and in interac-
tion with the problem to be evaluated. This can be equated with the need for 
’instrument validity’. Although this model increases the basic evaluation effort, 
it ensures potentially valid artifacts in the end. Nevertheless, there has been 
a lack of consideration and differentiation of the five types of validity clearly 
defined here as an integral part of a comprehensive DSR framework. 

4 Revised DSR Framework Focused on Artifact Validity 

4.1 Revised DSR Framework 

Compared to Hevner et al. [ 9] and Peffers et al. [ 21], the DSR framework, orig-
inally developed and popularized by Österle et al. [ 33] and later put into a 
graphical form by Benner-Wickner et al. [ 1], is perhaps less well known because 
it is only available in German. However, due to its simplicity, it is rather popu-
lar among master students in German-speaking countries. Figure 3 is based on 
this - I call it - “integrated DSR framework”, combining Österle et al. [ 33] and  
Benner-Wickner et al. [ 1]. 

Fig. 3. Revised DSR framework focused on artifact validity, based on the integrated 
DSR framework combining Österle et al. [33] and Benner-Wickner et al. [ 1].
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The revision shown in Fig. 3 is the extension made in the evaluation step to 
include the five proposed validity types. The five types of validity were harmo-
nized with the main types of validity (construct, internal and external validity), 
which have been known and used for decades, see Fig. 1. Furthermore, the ethical 
and ecological validity were pointed out, which should be addressed as standalone 
measurement instruments, but which would require a separate study. The five 
validity types are defined in more detail in Sect. 4.2 and demonstrated using 
examples. 

4.2 Validity Types 

Although the rigor required in design science research (DSR) implicitly encom-
passes all five types of validity proposed here, none of the three compared frame-
works explicitly refer to or differentiate between these fundamentally necessary 
types of validity. Therefore, they can easily be overlooked by students who rely 
exclusively on one of these popular DSR frameworks in their master’s thesis. To 
ensure artifact validity, each validity type is defined in its core below, accompa-
nied by a key question and examples, and discussed further in Sect. 5. 

Instruments validity ensures the evaluation instruments and metrics used 
to assess the artifact are reliable, accurate, and aligned with the constructs they 
are intended to measure. The KEY QUESTION is: Are the evaluation tools 
(e.g., surveys, log files, usability tests, experimental setups) valid and capable of 
accurately measuring what they are intended to measure? 

EXAMPLE from everyday situations: When designing or using a thermome-
ter for body temperature, it should accurately measure body temperature and 
not something else (e.g., room temperature or humidity). If a thermometer mis-
takenly reacts to the air temperature rather than body heat, it lacks instruments 
validity because it is not measuring what it is supposed to. 

EXAMPLE of a DSR application: If a learning analytics dashboard is 
designed to track student engagement, instruments validity ensures that the 
selected metrics (e.g., time-on-task, login frequency) actually measure engage-
ment rather than unrelated factors (e.g., technical errors causing inactivity). 

Technical validity ensures the artifact performs as intended without bugs 
or glitches, focusing on technical reliability and functional correctness. The KEY 
QUESTION is: Does the artifact’s technical functionality perform as intended 
and without problems? 

EXAMPLE from everyday situations: A car’s brakes must work correctly 
every time you press the pedal. If they function sometimes but fail at other 
times, the braking system lacks technical validity because it is unreliable and 
does not consistently perform its intended function. 

EXAMPLE of a DSR application: A machine learning-based fraud detection 
system must be completely free of critical bugs, biases, or instability issues. If 
the system produces false fraud alerts due to faulty code, misclassifies legitimate 
transactions because of biased training data, or crashes under high transaction 
loads, it lacks technical validity. Such errors can lead to financial losses, customer
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distrust, and regulatory penalties, making error-free performance essential for 
reliable fraud detection. 

Design validity evaluates the artifact’s design from a subjective and aes-
thetic perspective, as well as its alignment with user expectations and contextual 
relevance. The KEY QUESTION is: Does the artifact exhibit good style, taste, 
and elegance, making it aesthetically pleasing and intuitive to users? 

EXAMPLE from everyday situations: A chair might technically function (it 
allows sitting), but if it is uncomfortable, ugly, or too complex to use, it lacks 
design validity. A well-designed chair should be comfortable, aesthetically pleas-
ing, and easy to sit on. 

EXAMPLE of a DSR application: A finance dashboard for managers must 
not only provide accurate financial data but also be designed with clarity, usabil-
ity, and efficiency in mind. If the dashboard is cluttered, difficult to navigate, or 
visually overwhelming, it lacks design validity, as poor design can hinder decision-
making even when the data is correct. A well-designed dashboard enhances 
comprehension, streamlines analysis, and enables managers to make informed 
decisions quickly. 

Purpose validity determines whether the artifact achieves its intended pur-
pose by effectively solving the targeted problem with the defined requirements. 
The KEY QUESTION is: Does the artifact fulfill the intended goals (does it 
meet the defined requirements), and are the observed results attributable to the 
artifact itself (and not to confounding factors)? 

EXAMPLE from everyday situations: A parachute’s purpose is to slow down 
a person’s fall. If a parachute doesn’t open, opens too late, or fails to slow the fall, 
it lacks purpose validity, even if it was well-designed and made of high-quality 
materials. 

EXAMPLE of a DSR application: A waste tracking app designed to help 
customers reduce landfill waste must be validated by measuring actual waste 
reduction against initial goals (e.g., a significant decrease in non-recyclable waste 
disposal per user). Even if the app correctly logs waste disposal data (techni-
cal validity), features a well-structured and visually appealing interface (design 
validity), and uses reliable tracking metrics (instruments validity), it lacks pur-
pose validity if users do not actually reduce their waste. This failure could result 
from ineffective behavioral nudges, lack of actionable insights, or poor integra-
tion with waste disposal services, meaning the app does not fulfill its intended 
goal despite functioning as designed. 

Generalization (external validity) assesses whether the performance and 
effectiveness of the artifact are transferable to other contexts, populations or 
environments. The KEY QUESTION is: Can the success of the artifact be 
repeated in other environments with similar results? 

EXAMPLE from everyday situations: A good (universal) cell phone charger 
should work across multiple cell phone brands and models, not just for one 
specific device. If a charger only works for one phone and fails for others, it lacks 
generalization validity. 

EXAMPLE of a DSR application: A predictive maintenance model devel-
oped for automobile engines may not perform well in other contexts, such as 
with aircraft engines or manufacturing machinery. Without testing the model in
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these different domains, it lacks generalization (external validity), meaning its 
effectiveness beyond the original domain remains uncertain. 

The validity framework represents a reconceptualization and a new contri-
bution to DSR methodology. Although the five types of validity proposed and 
defined here have been aligned with more traditional notions of validity (see 
Fig. 1), they are not simply an adaptation or extension of their use in the natu-
ral or social sciences, which often focus exclusively on descriptive or interpretive 
or theoretical validity. The validity framework is tailored to the constructivist 
and utility-oriented nature of DSR. It is consistent with the goals of DSR: to 
create useful, technically sound, and (whenever appropriate or desirable) gener-
alizable artifacts with clear objectives. The five clearly distinguishable validity 
types are a well thought-out concept whose origins are rooted in and derived 
from the DSR logic. Consequently, the validity types can be directly mapped 
to the iterative DSR phases: Problem Identification (Instrument Validity), 
Design and Evaluation (Technical Validity), Design Process (Design Validity), 
Relevance and Theory (Purpose Validity), Reflection/Generalization (General-
ization Validity). This makes the validity framework very practical for the eval-
uation of artifacts and makes it easier for DSR researchers to structure the 
evaluation around familiar steps. 

4.3 Mandatory and Flexible Validity Types 

The distinction between the five types of validity is essential, as they each relate 
to different aspects of the quality and impact of an artifact. Without differenti-
ating between these aspects, critical weaknesses may be overlooked during the 
evaluation. While it is crucial to understand and differentiate between all five 
validity types, their application should be flexible and context-dependent. Some 
projects require all five types, while others may only focus on the most rele-
vant ones. In any case, Evaluation should be systematic, meaning that validity 
aspects should not be arbitrarily combined or reduced to a single category, such 
as purpose validity. The structured consideration of all five validity types ensures 
a rigorous, meaningful and context-sensitive research evaluation. 

Essential (Mandatory) Validity Types: 

– Instrument Validity - Ensures that the constructs, measures, and theoreti-
cal foundations of research are valid. Without it, the entire study may lack 
credibility. 

– Purpose Validity - Establishes the relevance and utility of the research. Any 
study should have a clear purpose and contribute meaningfully to knowledge 
or practice. 

More Flexible Validity Types (Depending on Research Context): 

– Technical Validity - Essential for implemented artifacts but less relevant for 
theoretical work that does not involve direct technological instantiation.
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– Design Validity - Important in design-based research but less critical in 
exploratory or purely theoretical studies where artifact structuring is not 
the focus. 

– Generalization (External Validity) - Critical in empirical and applied research 
but not always required in context-specific or conceptual studies. Some 
research deliberately focuses on niche scenarios without aiming for gener-
alization (Fig. 4). 

4.4 Scoring Guidelines for the Five Validity Types in DSR 

Fig. 4. Rubric (scoring grid). 

Based on the definitions and key questions listed in Sect. 4.2, a rubric (scoring 
grid) with operationalized indicators for each validity type (i.e., what to look for
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when evaluating and scoring) was created below. Each validity type is scored in 
0.5 steps from 0 (weakly) to 2 (explicit). 

These scoring guidelines are designed for the evaluation of artifacts in a wide 
range of DSR projects. They are generalizable as they are based on the fun-
damental DSR objectives. The five validity types capture the key evaluation 
dimensions of artifacts in DSR. They cover the areas of measurement, function-
ality, usability, problem solving and external relevance. They are not tied to a 
specific area (e.g. IS, HCI, engineering) and can be applied to software tools, 
models, methods, frameworks or processes. The guidelines enable a structured 
assessment across diverse methods. DSR often includes mixed evaluation strate-
gies (experiments, case studies, user tests, simulations, etc.). These guidelines 
are method-agnostic, focusing instead on what the evaluation demonstrates in 
terms of validity. For example, instrument validity can be tested in one study 
with usability logs or in another with surveys - the evaluation logic remains the 
same. The scoring guidelines are designed to be reproducible and transparent and 
to support inter-rater reliability. The guidelines make the rationale for scoring 
explicit and reviewable and help to identify specific strengths or weaknesses in 
DSR evaluations. The scoring guidelines support both formative and summative 
evaluation: A DSR team could use this during artifact development (formative 
feedback) or it could be used by reviewers or researchers for summative assess-
ment. 

Limitations: However, some domains might require additional validity dimen-
sions, e.g., ethical validity, sustainability, or stakeholder involvement. For highly 
technical or mathematical artifacts, proofs or formal models may supplement or 
replace some aspects (e.g., for technical or purpose validity). 

5 Comparative Evaluation of DSR Frameworks 

In this chapter, the scoring guidelines from Sect. 4.4 are used to evaluate the 
three selected DSR frameworks with regard to the main research question of 
this paper: To what extent do DSR frameworks support the validity of artifacts? 
All assessments are based on how explicitly each type of validity is considered and 
supported in the DSR frameworks, which is finally summarized in an overview 
in Sect. 6. 

5.1 Instruments Validity 

Hevner et al. (2004), Score (0–2): 0.5 - emphasize rigor in research methods 
but do not explicitly define instrument validity. While they stress that arti-
facts should be evaluated using reliable metrics (p. 85), they do not differen-
tiate between validity of the artifact and validity of the instruments used for 
evaluation. This can lead to methodological weaknesses, as unreliable measure-
ment tools could compromise artifact assessment. As a result, instrument validity 
remains an implicit concern rather than a structured requirement.
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Peffers et al. (2007), Score (0–2): 0 - integrate evaluation as a core phase of 
their DSR process model, yet they do not explicitly address instrument valid-
ity. The framework assumes that research evaluations inherently produce valid 
findings but does not provide guidance on verifying the accuracy of evaluation 
instruments. Since measurement errors could affect the validity of conclusions, 
the absence of explicit considerations for instrument validity leaves a method-
ological gap, making it one of the least developed aspects. 

Österle et al. (2010) and Benner-Wickner et al. (2020), Score (0–2): 0.5 -
emphasize scientific rigor but do not formally distinguish instrument validity as 
a critical component of evaluation. Although their structured four-phase DSR 
model (analysis, design, evaluation, diffusion) suggests systematic assessment, 
it does not explicitly ensure that the instruments used for evaluation are valid. 
This oversight reinforces the tendency to assume rather than verify measurement 
validity, making instrument validity among the least developed aspects across 
all three frameworks. 

5.2 Technical Validity 

Hevner et al. (2004), Score (0–2): 1.5 - acknowledge technical validity through 
rigorous evaluation of artifact quality. Guideline 3 (Design Evaluation) calls 
for assessing functionality, reliability, accuracy, and performance (p. 85). How-
ever, technical aspects are embedded within broader purpose validity, focusing 
on effectiveness rather than verifying technical soundness. This poses risks-for 
instance, learning software may fail not due to purpose misalignment, but due to 
bugs. Although evaluation methods like experiments and simulations are men-
tioned (p. 86), technical validity is not defined as a separate requirement. Thus, 
it is acknowledged but remains only partially addressed. 

Peffers et al. (2007), Score (0–2): 1.5 - embed evaluation in their DSR model, 
requiring researchers to demonstrate artifact effectiveness (p. 56). However, like 
Hevner et al., they do not distinguish technical validity from purpose or design 
validity. The emphasis on relevance and utility aligns more with purpose valid-
ity. Though feedback loops support refinement, the framework lacks systematic 
validation methods. This may result in artifacts being judged effective before 
ensuring technical reliability, posing practical risks. By prioritizing usability and 
relevance over explicit technical rigor, technical validity is acknowledged but 
remains only partially considered. 

Österle et al. (2010) and Benner-Wickner et al. (2020), Score (0–2): 1.5 - offer 
a structured DSR process but, like earlier frameworks, do not define technical 
validity as a separate requirement. They incorporate empirical standards from 
software engineering [ 23], which strengthens technical validation compared to 
Hevner et al. and Peffers et al. Still, the framework assumes evaluation inherently 
covers technical issues without explicitly prioritizing them. Thus, while technical 
reliability is acknowledged, it remains only partially considered, embedded in 
broader evaluation rather than treated as a required, standalone step.
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5.3 Design Validity 

Hevner et al. (2004), Score (0–2): 1 - emphasize artifact utility but do not explic-
itly define design validity as a distinct evaluation criterion. While they discuss 
usability, completeness, and functionality as relevant quality attributes (p. 85), 
they do not provide systematic methods to assess coherence, user experience, 
or aesthetic quality. The framework prioritizes problem-solving and effectiveness 
over structured design validation, making design validity underdeveloped and 
largely assumed rather than explicitly assessed. 

Peffers et al. (2007), Score (0–2): 0 - acknowledge artifact usability as part of 
iterative refinement but do not explicitly define design validity. The DSR process 
model ensures that artifacts evolve based on feedback loops, but it does not 
establish specific design evaluation criteria. As a result, usability and aesthetic 
considerations remain secondary to functionality and problem-solving. Without 
clear guidance on assessing logical structure, clarity, or user-friendliness, design 
validity remains one of the least developed aspects. 

Österle et al. (2010) and Benner-Wickner et al. (2020), Score (0–2): 1 -
emphasize practical relevance and structured evaluation, but design validity 
is not separately addressed. While their framework improves accessibility and 
application through a structured DSR process, it does not explicitly differen-
tiate usability or aesthetic considerations from broader artifact evaluation. By 
focusing on practical implementation rather than formalized design assessment, 
design validity remains largely underdeveloped, similar to the other frameworks. 

5.4 Purpose Validity 

Hevner et al. (2004), Score (0–2): 2 - emphasize purpose validity by defining 
DSR as the creation of artifacts that improve organizational effectiveness and 
efficiency (p. 76). They state that artifacts must be purposeful, addressing key 
organizational problems (p. 82), reinforcing that utility and knowledge contri-
bution are inseparable in DSR. The framework ensures feasibility assessment, 
confirming whether an artifact meets its intended purpose (p. 79). 

Peffers et al. (2007), Score (0–2): 2 - explicitly link DSR to problem-solving 
and human purpose (p. 55), stating that successful artifacts must meet prede-
fined objectives (p. 46). Their DSR process model prioritizes problem identifica-
tion and objectives as key research phases, ensuring artifacts are designed with 
clear intent and evaluated based on their effectiveness (p. 54). This structured 
approach reinforces the direct connection between problem relevance, utility, and 
knowledge contribution. 

Österle et al. (2010) and Benner-Wickner et al. (2020), Score (0–2): 2 -
strongly emphasize practical relevance and societal impact by structuring DSR 
into analysis, design, evaluation, and diffusion phases, ensuring artifacts serve 
real-world needs. Benner-Wickner et al. enhance purpose validity further by 
transforming this structured process into a clear, visually accessible framework, 
making DSR principles easier to apply and reinforcing the artifact’s practical 
relevance.
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5.5 Generalization (External Validity) 

Hevner et al. (2004), Score (0–2): 1 - recognize that DSR contributes to both 
practice and theory (p. 79) but do not explicitly emphasize external validity. 
While artifacts are meant to apply to real - world contexts, the framework doesn’t 
focus on transferability beyond the initial problem space. It assumes utility in one 
environment implies broader applicability, so generalization is only somewhat 
addressed-not a key concern. 

Peffers et al. (2007), Score (0–2): 1 - emphasize artifact effectiveness in its 
context but offer no clear guidance on generalizing results. Their process model 
promotes problem-solving and iterative refinement but lacks mechanisms for 
testing findings in varied settings. Thus, generalization is secondary to immediate 
artifact utility - acknowledged, but not emphasized. 

Österle et al. (2010) and Benner-Wickner et al. (2020), Score (0–2): 1 -
stress practical impact and diffusion as key DSR phases, implying some attention 
to generalization. However, their real-world focus doesn’t extend to explicitly 
ensuring external validity. Although diffusion supports broader application, it 
lacks mechanisms to validate artifact use across domains. Generalization remains 
a secondary concern. 

6 Summarized Assessment of the Five Validity Types 
in the Three DSR Frameworks 

The table in Fig. 5 provides a summarized overview of how each of the DSR 
frameworks discussed in Sect. 5 addresses the five types of validity. This overview 
should help researchers and students to quickly identify the strengths, weaknesses 
and gaps in the validity considerations of each DSR framework. It also leads to 
the recommendation to seek a more in-depth discussion about the validation of 
an artifact. 

Each validity type is rated using a qualitative scale, represented with col-
ored labels, ranging from explicit consideration (most emphasized) to  weak 
consideration (least emphasized). From this, the following patterns and com-
monalities can be identified: 

– Purpose validity is the most developed across all three frameworks. 
– Technical validity is acknowledged in all three frameworks, but only partially 

considered. 
– Generalization is somewhat addressed, but not strongly emphasized in any 

framework. 
– Instrument validity and design validity are the least developed overall. 

To date, there has been no triangulation of the scoring process (e.g., through 
independent assessment by multiple reviewers). Therefore, the qualitative assess-
ments from “somewhat” to “weakly” were summarized into a uniform color code 
(orange). The goal was to highlight the trends in validity support within DSR 
frameworks. Purpose validity - although marked in green - could (like all other
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Fig. 5. Consideration of the five validity types in three DSR frameworks. 

validity types) be more strongly supported within DSR frameworks, particu-
larly with regard to guidance on controlling for and avoiding confounding factors 
during the evaluation. However, compared to all other validity types, purpose 
validity is considered the most explicitly addressed of all DSR frameworks. 

7 Conclusion and Future Work 

This paper compares three influential DSR frameworks to assess their support 
for artifact validity. Five essential validity types were applied to the context of 
Design Science Research (DSR). The analysis reveals that while purpose validity 
is explicitly emphasized in all three frameworks, instrument validity and design 
validity remain the least developed. 

Although DSR rigor implicitly encompasses all five validity types, none of 
the frameworks explicitly define or differentiate them. This poses a risk that 
mandatory instrument validity may be overlooked, leading to invalid artifacts 
and undermining research credibility. The biggest weakness arises when students 
or researchers rely solely on one of the frameworks without recognizing the need 
for deeper validation studies, particularly regarding instrument validity. Evalu-
ation should not oversimplify validity by subsuming it under a single category, 
such as purpose validity, but should systematically process each type to ensure 
comprehensive assessment.
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To address these gaps, this paper provides (a) a comparative overview 
highlighting strengths and weaknesses in each framework and (b) a revised 
and extended DSR framework that systematically integrates five validity types 
with definitions and examples and scoring guidelines. This structured approach 
enhances the rigor and reliability of DSR research. 

Additionally, the lack of explicit emphasis on design validity, distinct from 
technical and other validity types, is notable given that design is central to DSR. 
While design validity may not be as critical as instrument validity, greater focus 
on user-centric criteria - such as simplicity, taste, style, and elegance - could 
enhance artifact adoption and usability. The revised framework proposed in this 
paper acknowledges the role of such subjective and aesthetic factors and can be 
adapted to different types of artifacts (e.g., software, processes, physical tools), 
ensuring broad applicability. 

Further research could validate the revised and extended DSR framework 
through case studies and establish formal methods for instrument validity, and 
also include ethical and ecological validity as standalone measurement instru-
ments. Exploring the impact of weak instrument validity and AI-driven assess-
ments could enhance research credibility. Comparative analyses across domains 
may reveal best practices for ensuring validity. Addressing these issues will refine 
artifact evaluation, strengthening DSR’s rigor and impact. 
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Abstract. The digital transformation in education presents numerous opportuni-
ties but also specific challenges, such as the growing skills shortage, the democra-
tization of knowledge, and the increasing demand for personalized learning paths. 
The use of Artificial Intelligence holds promising potential to make learning pro-
cesses more effective and sustainable. However, widespread integration of AI is 
lacking due to uncertainties about its effective application in teaching and learning. 
Recent research has focused on Conversational AI, which utilizes Natural Lan-
guage Processing to enable human-machine interactions and is often deployed 
as Conversational Agents. These systems can evolve from task-oriented chat-
bots to companionship, offering competency-oriented support to learners. While 
Bloom’s Taxonomy is widely recognized for structuring traditional learning, there 
is a notable lack of research on how Conversational AI technology can be effec-
tively and sustainably integrated across different competency levels. We identi-
fied 56 design features for conversational AI in education through a systematic 
literature review of 3891 scientific papers. We then mapped these DF to 9 over-
arching design principles and classified them along Bloom’s revised taxonomy. 
Instantiated mockups were then evaluated within the design research paradigm, 
contributing to the discourse on effective conversational AI in education. 

Keywords: Conversational AI · Bloom’s taxonomy · design science research 

1 Introduction 

The transformation towards competency-based, interactive, and digital teaching in edu-
cation in recent years [1] has been further accelerated by technological advancements and 
the forced transition during the global COVID pandemic [2]. Simultaneously, the teach-
ing profession faces increasing demands due to a shortage of qualified personnel, as many 
educational institutions lack adequately trained staff to meet the evolving requirements 
of modern education, which is already impacting the quality of numerous educational 
programs [3]. As learners have to navigate this changing educational environment, the 
demand for novel tools such as digital learning support to facilitate their learning pro-
cesses is increasing [1]. A simple digitization of learning content alone cannot replace 
traditional face-to-face teaching because digital learning processes require new concepts 
for knowledge transfer [2]. Artificial Intelligence (AI) offers great potential to improve
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learning processes, with a growing research focus on Conversational AI (CAI), which 
utilizes Natural Language Processing (NLP) to enable interactions between humans and 
machines, often implemented as Conversational Agents (CAs) [4]. These systems have 
the potential to evolve from knowledge transmitters to learning partners who provide 
competency-based support to learners [5, 6]. However, widespread integration of AI 
is lacking due to uncertainty about how it can be effectively utilized in the teaching-
learning process. In traditional classroom settings, educators deliberately apply learning 
objective taxonomies such as Bloom’s Taxonomy [7, 8] to systematically foster cognitive 
skills, progressing from lower levels like remembering to higher-order thinking skills 
like creating new ideas [9]. Bloom’s Taxonomy is a hierarchical model that helps learners 
understand and structure their learning process, gradually advancing from low order to 
high order thinking skills [10]. In its revised version by Anderson and Krathwohl [9], it 
comprises six cognitive process dimensions, ranging from basic (remembering, under-
standing, applying) to complex (analyzing, evaluating, creating) learning objectives. In 
digital learning environments, the challenge is that existing design knowledge for CAI 
applications often offers general recommendations without tailoring them to specific 
learning objectives, which can lead to less targeted support [11]. Therefore, this study 
examines how CAI applications may be designed to support learning processes along 
Bloom’s Revised Taxonomy. Following the methodology for conducting meta-studies 
for design knowledge [12] within the Design Science Research paradigm (DSR) [13], 
we identified design features (DFs) from recent literature and mapped them to the learn-
ing objective levels of Bloom’s Taxonomy [9]. In doing so, we aim to apply Bloom’s 
Taxonomy to the design knowledge of CAI applications to systematically promote learn-
ing processes across the taxonomy levels. This study contributes to the discussion on 
the meaningful use of CAI in education by providing practical recommendations for 
creativity-enhancing learning environments aligned with Bloom’s Revised Taxonomy, 
enabling learners to be supported in a competency-based manner in the future. 

2 Research Background 

Our approach is characterized by its innovative focus on cognitive process dimensions, 
which transforms the fundamental concept of classroom teaching into digital CAI appli-
cations, reusing existing DFs. In their systematic literature review (SLR), Schlimbach 
et al. [14] identified a research gap in learning goal-adaptive design knowledge for CAI 
applications. Current CAI design principles in digital learning primarily offer general 
guidelines instead of addressing specific learning objectives, leading to less effective 
support [11]. Building on this, we present core theories like Bloom’s Revised Taxon-
omy that form the rigorous knowledge base for mapping our DFs identified in our SLR 
[15]. The design of CAI applications as socially engaged entities is based on the theory of 
computers as social actors (CASA) [16, 17]. CASA assumes that users instinctively apply 
social norms to computers when these systems exhibit human-like characteristics like 
names or gender-specific personas [16, 17]. The integration of social cues such as emo-
jis, humor or human-like avatars increases social presence, promotes user engagement 
and improves learning outcomes through the persona effect [18–20]. In order to system-
atically develop effective AI systems, these social interaction principles are structured
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along Bloom’s Revised Taxonomy [9]. It divides cognitive learning in six hierarchical 
cognitive process dimensions: Remembering (1) involves recalling facts. Understand-
ing (2) focuses on explaining concepts. Applying (3) uses knowledge in new contexts. 
Analyzing (4) explores relationships. Evaluating (5) judges based on criteria. Creating 
(6) generates new ideas. These levels guide the structured learning process and enable 
the integration of CASA-compatible social features to promote lifelong learning. 

3 Methodology 

For the consolidation of existing design knowledge for CAI applications in the education 
sector along Bloom’s Revised Taxonomy [9], we adopt the DSR paradigm, a recognized 
method for creating innovative artifacts that balance practical relevance with scientific 
rigor [21]. In DSR, the process model of Kuechler & Vaishnavi [22] is an established 
framework that we apply by conducting several iterative steps during artifact develop-
ment. Through a SLR [15], we initially consolidated existing design knowledge on CAI 
applications for the preliminary design. Design principles (DPs) are theoretical abstrac-
tions derived from theoretical and empirical research that positively influence the design 
process, while DFs are specific implementations or functions that realize these princi-
ples [23]. Since the learning objective-oriented design of CAI applications depends on 
the specific implementation of DPs, we emphasize in a SLR, based on Page et al. [15], 
DFs that have already been derived from DPs and evaluated. Design knowledge is often 
consolidated and published, but it is rarely reused in the research and practice commu-
nity [12]. Khosrawi-Rad et al. [12] propose an Meta-Study Process Model to conduct 
meta-studies for design knowledge that we applied to address the demand for increased 
reusability of design knowledge in the DSR community. 

The proposed methodology involves six steps (see Fig. 1) [12]: The methodology 
begins by defining the scope (1) of designing CAs for enhanced learning pathways. 
Next, we conduct a SLR (2) following PRISMA [15] across Scopus, AIED, ACM Digital 
Library, IEEE Xplore Digital Library, Taylor & Francis, AIS eLibrary, and ERIC, using  
the search string: TITLE-ABS-KEY (“Learning” OR “Education” OR “E-learning” 
OR “Instruction”) AND TITLE-ABS-KEY (“Conversational Agent” OR “Collabora-
tive Agent” OR “Chatbot” OR “Virtual Assistant” OR “Virtual Companion” OR “In-
teractive Agent”) in German or English language. We excluded studies that lacked an 
educational context, had no relation to CAs, were in languages other than English or Ger-
man, were duplicates, focused on language learning or health, or were published before 
2016. Only papers that published DPs, implemented the associated DFs, and evaluated 
them were included. For studies published after 2021, forward citation searching was 
conducted to include the most recent publications up to 2025 based on the same crite-
ria. During the initial screening and data cleaning (3), we followed Schlimbach et al. 
[24] and established nine overarching categories (OC) for design principles from 15 fully 
coded articles: OC1 Human-likeness, OC2 Adaptability, OC3 Proactive/Reactive Behav-
ior, OC4 Relationship Building, OC5 Supportive Content, OC6 Learning Competencies, 
OC7 Motivational Environment, OC8 Ethical Responsibility, and OC9 Purpose-oriented 
Functionality. Subsequently, we prioritized the papers (4) based on their alignment with 
the study’s goals, focusing initially on those most relevant to the meta-study’s purpose.
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The core analysis involves systematically analyzing the DPs and DFs (5), assessing 
qualitative criteria and establishing a quantitative rating. We followed a 4-step process 
to evaluate the DPs in terms of reusability, frequency, rationale, and evaluation. Finally, 
broaden the analysis scope (6) by incorporating additional literature, addressing debat-
able knowledge, and refining the final set of recognized DFs to improve the reusability 
of design knowledge within DSR paradigm. 

Fig. 1. Meta-Study Process Model based on B. Khosrawi-Rad et al. [12]
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After finalizing the set of included 56 DFs and their DPs, we structured the design 
knowledge according to the stages of Bloom’s revised taxonomy. For this, we analyzed 
the goals of each cognitive process dimension and mapped them to the capabilities of 
the features to support these goals, ultimately resulting in the theoretical artifact of this 
work. Finally, had consultants instantiate mock-ups there upon to evaluate the practical 
usability of our derived framework. 

4 Results 

Synthesizing the analyzed literature, the design for CAs include essential human char-
acteristics (OC1), such as the ability to communicate naturally (DF0.1; DF0.2), enable 
continuous interaction (DF0.3), and adhere to ethical principles like ethical AI guide-
lines (DF0.5) and traceability of actions (DF0.4), while also being easy to understand 
(DF0.6; DF0.7) and responsive (DF0.7). DFs that are by definition important for CA 
applications have been summarized in Table 1. 

Table 1. DFs for CAs 

Overreaching Category Design Features 

OC1: Human-likeness and dialogue 
management 

DF0.1: Enable natural and personalized 
salutations and communication by e.g. saving 
the context over the entire conversation [24, 25]. 

OC2: Adaptability and Adaptivity DF0.2: Support individual and open-ended 
conversations [24, 26]. 

OC3: Proactive and reactive behavior DF0.3: Provide a web-based agent for 
continuous student interaction [27, 28]. 

OC8: Ethical responsibility DF0.4: Functions of explainability (explaining 
data processing in dialogue; transparent 
explanation of decisions and actions) [24]. 
DF0.5: Functions to fulfill ethics guidelines for 
Al (e.g., filters for vulgar terms) [24]. 

OC9: Purpose-oriented functionality and 
usability 

DF0.6: Ensure a persistent overview of chatbot 
capabilities and optionally display conversation 
context [25, 28]. 
DF0.7: Functions of ergonomic design (e.g., 
multiple options for control) [24–26, 29] 
DF0.8: A responsive, simple and functional user 
experience so that students can use the tool 
intuitively and without distraction for learning 
tasks [28]. 

To design CAs that promote remembering, key features include learning-adaptive 
functions (DF1.1) and reducing cognitive load via multimedia-based information distri-
bution (DF1.2). Limiting usage to the application interface prevents distractions (DF1.3).
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Supportive content like learning techniques, strategies, time management materials 
(DF1.4), and access to tutorials (DF1.5) further enhance the learning process. Design 
features that also support remembering (1) are listed in Table 2. 

Table 2. DFs for CAs that promote the learning goal of remembering. 

Overreaching Category Design Features 

OC2: Adaptability and Adaptivity DF1.1: Implement learning-adaptive functions (e.g., 
according to learning styles) [24]. 
DF1.2 reduce cognitive load by distributing 
information across multiple channels, based on the 
cognitive theory of multimedia learning [30]. 

OC3: Proactive and reactive behavior DF1.3 application should be limited to the applications 
interface as adding links to external websites is not 
recommended as it leads to distraction [25]. 

OC5: Provision of supportive content DF1.4: Teaching content on learning techniques and 
strategies as well as methods of time management [24]. 
DF1.5 provide access to learning content, such as 
tutorials [24]. 

To design CAs that promote understanding, reactivity and detailed feedback are 
crucial. Human-like avatars according to the characteristics of a VA (DF2.1) enhance 
engagement, while context-aware communication (DF2.2) adapts to situations and estab-
lishes common goals. Reactive functions address organizational questions and individ-
ual challenges (DF2.3). Providing practice exercises, learning materials, and answers 
to specific questions (DF2.4; DF2.6) supports comprehension. Feedback and diagnostic 
methods assess progress (DF2.7; DF2.8), while customizable features (DF2.9; DF2.10) 
ensure usability and inclusivity. Table 3 lists DFs that enhance understanding (2). 

To design CAs that promote applying knowledge, the focus is proactivity like learning 
tips, task planning, and distraction avoidance (DF3.5–DF3.6) to enhance engagement. 
This brings the focus on companionship, proactivity, and addressing users’ psychosocial 
needs to foster a supportive relationship (DF3.1–DF3.3). Emotional and mental support, 
shared goals, and addressing psychosocial needs (DF3.7–DF3.9) strengthen the bond. 
Gamification, motivational communication, and peer networking (DF3.13–DF3.15) fur-
ther encourage active participation, while adaptive scheduling and time management 
(DF3.17–DF3.18) ensure usability. Table 4 lists DFs aiding applying (3). 

To design CAs that promote analyzing, adaptability and networking are key. 
Personality-adaptive features (DF4.1) tailor interactions, while proactive redirection to 
educators (DF4.2) ensures expert guidance. Suggesting related learning topics (DF4.3) 
fosters independent exploration and connects educational content effectively. Design 
features that foster analyzing (4) are listed in Table 5. 

To design CAs that promote evaluating, collaborative and analytical skills are 
prioritized. Collaborative learning activities and multi-user interaction management
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Table 3. DFs for CAs that promote the learning goal of understanding. 

Overreaching Category Design Features 

OC1: Human-likeness and dialogue 
management 

DF2.1: Human-like avatar & dynamic evolution 
of the avatar (e.g. aging) [24, 27]. 

OC2: Adaptability and Adaptivity DF2.2: Context-awareness (adapting the 
communication style to the situation, e.g., 
friendly vs. admonishing) & establishing a 
common ground (e.g., joint goals) [24]. 

OC3: Proactive and reactive behavior DF2.3: Functions of reactivity (answering 
organizational questions, mental support for 
individual challenges) [24]. 

OC5: Provision of supportive content DF2.4: Challenges (e.g., providing practice 
exercises) [24]. 
DF2.5: Support in collecting learning materials 
(e.g., encourage exchange between learners or 
link to relevant literature) [24]. 
DF2.6: Answers to specific learning questions 
[24]. 

OC6: Fostering learning competencies DF2.7 design agents that provide detailed 
feedback to learners and support collaboration 
with assessment processes of learning progress 
[6] 
DF2.8 use of appropriate diagnostic methods to 
assess learners’ knowledge level (e.g. pattern 
comparison) [6] 

OC8: Ethical responsibility DF2.9: Functions of customizability (e.g., of the 
avatar) to ensure inclusion [24]. 

OC9: Purpose-oriented functionality and 
usability 

DF2.10: Customizability of the application’s 
functionality (e.g., turning individual features on 
and off; choosing communication styles, privacy 
preferences, setting notifications) [24]. 

(DF5.1–DF5.2) foster teamwork. Multi-agent systems (DF5.3) provide diverse perspec-
tives, while adaptive feedback (DF5.4) evaluates and enhances argumentation levels 
effectively. Table 6 summarizes DFs supporting the step evaluating (5). 

To design CAs that promote creating, creativity-promoting, collaborative features 
are prioritized. Inspiring and follow-up questions (DF6.1) stimulate learners’ thinking. 
An innovation library (DF6.2) and structured phases (DF6.3) provide guidance. Tools 
like idea mergers (DF6.4) and image generators (DF6.5) enhance creativity. Facilitating 
transitions through task completion phases (DF6.6) supports group dynamics, while 
reminders about inclusivity (DF6.8) ensure equal participation. Table 7 presents the 
highest cognitive process dimension (creating, 6) with appropriate DFs.
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4.1 Reflection on its Application 

By shifting the focus from the design of CAIs to the design of learning processes enabled 
by CAIs, a student consultancy developed CAI mockups aligned with the presented 
DFs and corresponding to the six hierarchically organized cognitive process dimensions 
outlined in Bloom’s revised taxonomy [9]. The focus of this three-week project was 
the development of CAI mockups to visualize the sequential learning process along 
bloom’s revised taxonomy, culminating in a workshop where a professor of informa-
tion systems, an AI software developer, and two potential users (students) evaluated the

Table 4. DFs for CAs that promote the learning goal of applying. 

Overreaching Category Design Features 

OC1: Human-likeness and dialogue 
management 

DF3.1: Human-like social behavior & 
communication (e.g. humorous character, emojis, 
responding to learners’ interests) [6, 24–26]. 
DF3.2: Exposure of a personality [24, 25]. 
DF3.3: Function of emotional intelligence (e.g., 
expressing feeling, showing empathy, taking 
moods into account [24]. 

OC2: Adaptability and Adaptivity DF3.4: Functions regarding the adaptability (e.g. 
the avatar, the personality, the language or the 
role) [24]. 

OC3: Proactive and reactive behavior DF3.5: Functions of proactivity (autonomous 
suggestions for improvement, learning tips, 
autonomous assumption for planning tasks, 
proactive reminding of deadlines) [24, 31]. 
DF3.6: Functions of active distraction avoidance 
/ support of concentration (e.g. blocking of apps, 
timer) [24]. 

OC4: Relationship building DF 3.7: Functions of emotional and mental 
support (e.g., empathetic communication) [24]. 
DF3.8: Functions of promoting common ground 
and a shared mental model (e.g., setting mutual 
goals) [24, 27]. 
DF3.9: Assess the user’s psychosocial needs and 
respond accordingly (e.g. by encouraging breaks 
or reducing organizational effort) [28, 29] 

OC5: Provision of supportive content DF3.10: Recommendation of suitable practice 
exercises to the students [32]. 

OC6: Fostering learning competencies DF3.11: Learning advice and tips (e.g., 
individual and context-dependent) [24]. 
DF3.12: Encouraging communication behavior 
that stimulates self-reflection through a 
mentoring role [24].

(continued)



224 T. C. Lange and R. Schlimbach

Table 4. (continued)

Overreaching Category Design Features

OC7: Motivational environment DF3.13: Functions of gamification and digital 
nudging (e.g., competitive elements, 
inter-individual performance benchmarking & 
immersion elements) [24, 33, 34]. 
DF3.14: Functions of motivational, friendly and 
supportive communication (e.g., congratulatory 
messages) [24]. 
DF3.15: Functions of networking with peers 
(e.g., community platform, recommendations for 
learning groups) [24]. 

OC8: Ethical responsibility DF3.16 customizable triggering parameters: 
Learners can adjust the permitted triggering 
window (e.g. time of day) or suspend the 
triggers. Learners can manage the types of 
triggers they receive [31]. 

OC9: Purpose-oriented functionality and 
usability 

DF3.17: Functions of task scheduling 
(consideration of travel times in scheduling, 
reminders and timers for breaks, suggested 
appointments tailored to the learner’s context, 
personalized learning plans) [24]. 
DF3.18: Functions of effective time management 
(to-do lists, overview of appointments and 
deadlines set by professors, push notifications to 
remind students of assignments and 
achievements) [24]. 
DF3.19: Enabling internal as well as external 
interfaces (e.g. to Google calendar, to external 
content such as tutorials on YouTube, and to the 
university catalog) [24]. 

Table 5. Required design features for CAs that promote the learning goal of analyzing. 

Overreaching Category Design Features 

OC2: Adaptability and Adaptivity DF4.1: Functions of personality-adaptivity (e.g., 
according to the big five dimensions) [24]. 

OC3: Proactive and reactive behavior DF4.2: Redirection of students to an educator’s 
communication channel when the CA cannot respond 
[32]. 

OC5: Provision of supportive content DF4.3: Proposition of learning topics similar to the 
current to help students learn on their own [32].
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Table 6. Required design features for CAs that promote the learning goal of evaluating. 

Overreaching Category Design Features 

OC4: Relationship building DF5.1: The CA should provide collaborative learning 
activities [32]. 
DF5.2: Designed to support collaborative learning 
environments, addressing challenges such as 
participation balance and interaction management 
among multiple users [35]. 

OC5: Provision of supportive content DF5.3: Multi-agent systems: Utilizing multiple agents 
within a system can model ideal behaviors and 
strategies, offering diverse perspectives and enhancing 
the learning process [36, 37]. 

OC6: Fostering learning competencies DF5.4: Adaptive feedback function for argumentative 
texts with an analysis of the individual argumentative 
components and individual feedback that can assess 
the individual level of argumentation at any time [28]. 

Table 7. DFs for CAs that promote the learning goal of creating. 

Overreaching Category Design Features 

OC3: Proactive and reactive behavior DF6.1: Inspiring and follow-up questions to stimulate 
learners’ thinking and ability to reiterate the topic 
when the conversation strays of-topic [38, 39]. 

OC5: Provision of supportive content DF6.2: Innovation library with sample cases to 
showcase best practices [38]. 
DF6.3: Progressive phases to guide learners through 
the learning process in a structured way [38]. 

OC6: Fostering learning competencies DF6.4: Idea merger to combine learners’ ideas [38, 
39]. 
DF6.5: Image generator to visualize concepts [38]. 

OC7: Motivational environment DF6.6: Facilitate the transition through phases of task 
completion, following Tuckman’s theory of stages in 
group discussion [39]. 

OC8: Ethical responsibility DF6.7: Remind the group about inclusivity and equal 
participation, by prompting them to give more 
opportunities to less-contributing participants [39].

mockups on cognitive process dimensions for implementation. The workshop results 
reveal user-centric insights across various cognitive dimensions. For remembering (1), 
the mockups contain various multimedia elements (DF1.2) for a varied mediation of 
learning content and thus adaptive learning paths (DF1.1), as well as effective time man-
agement strategies (DF1.4), which were emphasized by the participants as essential for
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improving memory performance. In the understanding (2) dimension, reactive feed-
back functions (DF2.6; DF2.7) such as tracking users’ progress (DF2.8) and personalized 
context-aware communication (DF2.2) were presented in the mockups, while the person-
alized customizability of application functionality (DF2.9; DF2.10) was recognized as a 
crucial ethical responsibility. The workshops indicated that CAIs facilitate applying (3) 
through proactive features (DF3.5), such as a “Challenge of the Day.” Additionally, CAIs 
can showcase personality (DF3.2) by demonstrating human-like emotional intelligence 
(DF3.1), including humor (DF3.3), fostering social connections with the user (DF3.7
- DF3.9). Users expressed a desire for motivation (DF3.14) through gamification ele-
ments (DF3.13), such as experience points or rewards. The mockups demonstrated that 
the analysis (4) is enhanced by human-in-the-loop strategies (DF4.2). Users expressed 
a demand for expert support when AI feedback lacks clarity, alongside expectations for 
personality adaptability (DF4.1) and interdisciplinary topic recommendations (DF4.3). 
The mockups demonstrated that in the evaluation (5) dimension, participants confirmed 
the advantages of collaborative tools (DF5.1–DF5.3) that enhance students’ interaction 
and utilize multi-agent systems. Furthermore, they highlighted the necessity of adap-
tive feedback functions for effectively analyzing individual argumentative components 
(DF5.4). Finally, regarding creativity (6), users noted that time constraints can hinder 
creative processes in modern educational environments. They recommended inspiration 
challenges (DF6.1) and innovative library of methods (DF6.2) instead.

5 Discussion 

Overall, this study advances the understanding of effective CAI design to foster learn-
ers’ cognitive processes and lays the foundation for a comprehensive synthesis of the 
identified findings. The results highlight the need to shift from an application-centered 
to a learning process-centered perspective, challenging CAI designers in education to 
integrate an additional cognitive process dimension into future implementations. For 
example, different roles of CAs, such as tutors, mentors, organizers, or moderators [24], 
can unfold their potential in different cognitive process dimensions. While time man-
agement provided by an organizer is particularly desired when learning to remember 
(1) vocabulary, learners often find time management tools less suitable during the cre-
ating (6) process. Remembering (1) focuses on recalling information, where systems 
such as ChatGPT1 can support through targeted prompting but is not designed for more 
complex cognitive process dimensions [40, 41]. At the understanding (2) dimension, 
the goal shifts to interpreting, explaining, or translating information. Here, CAI applica-
tions excel by providing reactive responses to learning inquiries and detailed feedback, 
making assistance indispensable for fostering deeper comprehension. The applying (3) 
dimension emphasizes the application of acquired knowledge in new contexts, with 
effective distraction management through a companion tailored to competency-based 
learning objectives playing a crucial role in maintaining engagement and supporting 
learners at this stage. Research on CAIs increasingly explores the concept of Learning 
Companions (LCs), a specific type of CAIs which supports competency-based learning

1 https://chatgpt.com/ 

https://chatgpt.com/
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objectives, by naturally interacting in their role as digital, humanoid learning facilitators 
that establish strong relationships with their users [24]. However, the existing literature 
does not sufficiently consider the learning taxonomy approach [11]. For advanced cog-
nitive process dimensions such as analyzing (4), evaluating (5), and creating (6), a  
companionship provides an ideal structure by proposing related learning topics that help 
students independently break down information into its components and recognize their 
relationships while these Artifacts can also be overstraining for learners to only under-
stand (2) a new topic. Aligning CAIs design with Bloom’s Revised Taxonomy is crucial, 
as low order thinking skills (1–3) require different features than high order thinking 
skills (4–6). Literature often overlooks this differentiation, risking overcomplexity or 
misaligned features at lower levels, which may distract learners and negatively impact 
outcomes, while evaluations remain undifferentiated. 

5.1 Implications for Research and Practice 

This study contributes to both theoretical and practical advancements in the integration 
of CAI in education. By aligning 56 DFs with Bloom’s Revised Taxonomy, we pro-
vide a structured framework for fostering digital learning with CAs across all cognitive 
process dimensions and thus contribute to the design knowledge of CAs (R1). For  
Remembering (1), key features include adaptive learning functions (DF1.1), multimedia 
content (DF1.2), and focused resources like tutorials (DF1.4; DF1.5). Understanding 
(2) relies on responsive interaction (DF2.3), context-aware communication (DF2.2), 
and detailed feedback (DF2.7; DF2.8). At Applying (3), proactivity (DF3.5), emotional 
support (DF3.1–DF3.3), and gamification (DF3.13) enhance engagement. Analyzing 
(4) emphasizes adaptability (DF4.1), expert redirection (DF4.2), and topic recommen-
dations (DF4.3). Evaluating (5) benefits from collaborative tools (DF5.1–DF5.3) and 
analytical feedback (DF5.4). Finally, creating (6) is supported by tools like idea gener-
ators (DF6.2) and innovation libraries (DF6.1). Considering our deep roots in the estab-
lished kernel theories such as the CASA [16, 17], which explains human-like behavior 
towards CAs, it can be summarized, considering the cognitive process dimensions [10], 
that companionship-driven CAs [42] can be purposefully used to support specific orders 
of thinking skills (3–6) from Bloom’s revised taxonomy [9]. However, we identified a 
significant gap in design knowledge for higher cognitive process dimensions (R2) in 
Bloom’s revised taxonomy [9], emphasizing the need to develop advanced design knowl-
edge that better support learners in higher-order thinking skills. Additionally, we propose 
a process-oriented perspective on CAs (R3), contrasting with traditional task-oriented 
approaches [43]. Aligning DFs with Bloom’s cognitive dimensions enables goal-specific 
CA interactions, fostering deeper learning through companionship [44]. This perspective 
shifts the focus from functionality alone to a holistic view of learning as an interactive 
and adaptive process. Our research also adapts Bloom’s revised Taxonomy to digi-
tal, competency-based learning (R4), addressing the growing demand for personalized 
and competence-oriented tools [1]. This transformation extends beyond conversational 
agents and is applicable to other digital platforms, offering a scalable framework for 
competency-driven, adaptive learning environments. This approach ensures that digital 
tools are not only effective but also aligned with the evolving needs of learners in a digital 
age. From a practical perspective, our findings emphasize the need for learning solutions
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that foster digital learning tools such as CAs (P1), particularly in higher-order tasks 
such as creating. By promoting proactive engagement [24, 31] and collaborative learning 
activities [35], our approach ensures that learners are empowered to reach the high-level 
thinking skills. Finally, our study provides actionable insights for practitioners aiming 
to design CAs (P2) that transform traditional educational paradigms [7, 8] into digital 
paradigms. By doing so, our research highlights that a simple digitization of learning 
material [2] does not satisfy learners who are already waiting for new digital tools [1]. 

5.2 Limitations and Future Research Agenda 

This study faces three key limitations. First, while aligning DFs with Bloom’s Revised 
Taxonomy [9] offers a novel perspective, the practical implementation and long-term 
effects remain untested. The assumption of a linear progression through Bloom’s cogni-
tive dimensions may oversimplify the complexity of individual learning processes. Sec-
ond, the study consolidates existing knowledge instead of generating new data, empha-
sizing the need for novel DFs tailored to learning processes based on Bloom’s Revised 
Taxonomy, as current DFs rely on traditional, application-oriented perspectives [11]. 
Finally, the reliance on meta-analysis and secondary data introduces potential biases 
from original studies, and the systematic literature review, despite its breadth, may have 
excluded relevant studies due to language or database restrictions. Moreover, the pro-
posed DFs have yet to undergo further empirical validation in real-world educational 
settings, leaving their practical effectiveness uncertain. 

Future research should prioritize the empirical validation of the proposed DFs 
through longitudinal studies, such as semester-long experiments, to evaluate their impact 
on learning outcomes and their practical applicability in real-world educational settings. 
Furthermore, in-depth exploration of DFs that specifically foster higher-order thinking 
skills, such as creativity-enhancing tools, could yield valuable insights and contribute 
to the further refinement of CAI design. Another critical avenue for future research lies 
in the development of novel DFs grounded in Bloom’s Revised Taxonomy as a kernel 
theory. A process-oriented perspective on learning may generate fundamentally different 
DFs compared to the current application-oriented viewpoint. 

6 Conclusion 

This study presents a comprehensive framework for designing CAI applications in edu-
cation by systematically aligning 56 DFs with Bloom’s Revised Taxonomy [9], aiming 
to enhance cognitive skill development throughout the traditionally taught learning pro-
cess. By consolidating existing design knowledge through a systematic literature review, 
the DFs are clustered according to Bloom’s cognitive levels and the results are evaluated 
through a workshop using mockups. The study highlights the transformative potential of 
CAIs, which can evolve from simple knowledge transmission to fostering higher-order 
thinking skills, such as creation, by systematically aligning the design of CAIs with 
the respective levels of Bloom’s Revised Taxonomy [9]. Our framework helps analyze 
existing CAI applications according to their addressed knowledge level but also provides 
guidance for purposefully designing novel CAI artifacts in education.



Designing CAI Along Bloom’s Taxonomy 229

Disclosure of Interests. The authors have no competing interests to declare that are relevant to 
the content of this article. 

References 

1. Ngwacho, G.A.: Online teaching competencies for efficacious competency-based implemen-
tation in higher education. In: Keengwe, J., Gikandi, J.W. (eds.) Advances in Educational 
Technologies and Instructional Design, pp. 253–272. IGI Global (2023). https://doi.org/10. 
4018/978-1-6684-6586-8.ch013 

2. Grogorick, L., Robra-Bissantz, S.: Digitales Lernen und Lehren: Führt Corona zu einer zeit-
gemäßen Bildung? HMD Prax. Wirtsch. 58, 1296–1312 (2021). https://doi.org/10.1365/s40 
702-021-00806-z 

3. Spieß, C. K.: Fachkräftemangel im Bildungssystem: mehr Druck, weniger Qualität, https:// 
www.bib.bund.de/DE/Aktuelles/2024/2024-10-17-Interview-Spiess-Fachkraeftemangel-im-
Bildungssystem-mehr-Druck-weniger-Qualitaet.html (2024). 

4. Diederich, S., Brendel, A.B., Morana, S., Kolbe, L.: On the design of and interaction with 
conversational agents: an organizing and assessing review of human-computer interaction 
research. J. Assoc. Inf. Syst. 23, 96–138 (2022). https://doi.org/10.17705/1jais.00724 

5. Wambsganss, T., Kueng, T., Soellner, M., Leimeister, J.M.: ArgueTutor: an adaptive dialog-
based learning system for argumentation skills. In: Proceedings of the 2021 CHI Conference 
on Human Factors in Computing Systems, pp. 1–13. Association for Computing Machinery, 
New York (2021). https://doi.org/10.1145/3411764.3445781 

6. Winkler, R., & Roos, J.: Bringing AI into the Classroom: Designing Smart Personal Assistants 
as Learning Tutors. 10 (2019) 

7. Krzyzanowski, A., Nucci, R., & Sevilla, D.: Blooms Taxonomie: Ein umfassender Leitfaden 
zu Bildungszielen, https://www.getguru.com/de/reference/blooms-taxonomy, last accessed 
27 Oct 2024. 

8. Universität Zürich: Teaching Tools, https://teachingtools.uzh.ch/de/tools/lernziel-taxono 
mien, last accessed 27 Oct 2024. 

9. Anderson, L. W., & Krathwohl, D. R.: A taxonomy for learning, teaching, and assessing: a 
revision of Bloom’s taxonomy of educational objectives: complete edition. Addison Wesley 
Longman, Inc. (2001). 

10. Bloom, B., Engelhart, M., Furst, E., Hill, W., Krathwohl, D.: Taxonomy of Educational 
Objectives: The Classification of Educational Objectives. 1, (1956) 

11. Meier, E.B.: Designing and using digital platforms for 21st century learning. Educ. Technol. 
Res. Dev. 69, 217–220 (2021). https://doi.org/10.1007/s11423-020-09880-4 

12. Khosrawi-Rad, B., Grogorick, L., Strohmann, T., Robra-Bissantz, S.: Toward a method for 
design science research meta-studies to improve the reusability of design principles. In: Mand-
viwalla, M., Söllner, M., Tuunanen, T. (eds.) Design Science Research for a Resilient Future, 
pp. 182–196. Springer Nature, Cham (2024). https://doi.org/10.1007/978-3-031-61175-9_13 

13. Hevner, A.: A Three Cycle View of Design Science Research. 6 (2007) 
14. Schlimbach, R., Rinn, H., Markgraf, D., Robra-Bissantz, S.: A Literature Review on 

Pedagogical Conversational Agent Adaptation. (2022) 
15. Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., Sham-

seer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J., Grimshaw, J.M., 
Hróbjartsson, A., Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S., McGuin-
ness, L.A., Stewart, L.A., Thomas, J., Tricco, A.C., Welch, V.A., Whiting, P., Moher, D.: The 
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 71 
(2021). https://doi.org/10.1136/bmj.n71

https://doi.org/10.4018/978-1-6684-6586-8.ch013
https://doi.org/10.4018/978-1-6684-6586-8.ch013
https://doi.org/10.1365/s40702-021-00806-z
https://doi.org/10.1365/s40702-021-00806-z
https://www.bib.bund.de/DE/Aktuelles/2024/2024-10-17-Interview-Spiess-Fachkraeftemangel-im-Bildungssystem-mehr-Druck-weniger-Qualitaet.html
https://www.bib.bund.de/DE/Aktuelles/2024/2024-10-17-Interview-Spiess-Fachkraeftemangel-im-Bildungssystem-mehr-Druck-weniger-Qualitaet.html
https://www.bib.bund.de/DE/Aktuelles/2024/2024-10-17-Interview-Spiess-Fachkraeftemangel-im-Bildungssystem-mehr-Druck-weniger-Qualitaet.html
https://doi.org/10.17705/1jais.00724
https://doi.org/10.1145/3411764.3445781
https://www.getguru.com/de/reference/blooms-taxonomy
https://teachingtools.uzh.ch/de/tools/lernziel-taxonomien
https://teachingtools.uzh.ch/de/tools/lernziel-taxonomien
https://doi.org/10.1007/s11423-020-09880-4
https://doi.org/10.1007/978-3-031-61175-9_13
https://doi.org/10.1136/bmj.n71


230 T. C. Lange and R. Schlimbach

16. Nass, C., Moon, Y., Fogg, B.J., Reeves, B., Dryer, D.C.: Can computer personalities be human 
personalities? Int. J. Hum.-Comput. Stud. 43, 223–239 (1995). https://doi.org/10.1006/ijhc. 
1995.1042 

17. Nass, C., Moon, Y.: Machines and mindlessness: social responses to computers. J. Soc. Issues. 
56, 81–103 (2000). https://doi.org/10.1111/0022-4537.00153 

18. Feine, J., Gnewuch, U., Morana, S., Maedche, A.: A taxonomy of social cues for conver-
sational agents. Int. J. Hum.-Comput. Stud. 132, 138–161 (2019). https://doi.org/10.1016/j. 
ijhcs.2019.07.009 

19. Demeure, V., Niewiadomski, R., Pelachaud, C.: How is believability of a virtual agent related 
to warmth, competence, personification, and embodiment? Presence. 20, 431–448 (2011) 

20. Lester, J.C., Converse, S.A., Kahler, S.E., Barlow, S.T., Stone, B.A., Bhogal, R.S.: The persona 
effect: affective impact of animated pedagogical agents. In: Proceedings of the ACM SIGCHI 
Conference on Human factors in computing systems, pp. 359–366. Association for Computing 
Machinery, New York (1997). https://doi.org/10.1145/258549.258797 

21. Hevner, A., March, S.T., Park, J., Ram, S.: Design science in information systems research. 
MIS Q. 28, 75–105 (2004) 

22. Vaishnavi, V.K., Kuechler, W.: Design Science Research Methods and Patterns: Innovat-
ing Information and Communication Technology, 2nd edn. CRC Press, Boca Raton (2015). 
https://doi.org/10.1201/b18448 

23. Gregor, S., Kruse, L.C., Seidel, S.: Research perspectives: the anatomy of a design principle. 
J. Assoc. Inf. Syst. 21 (2020). https://doi.org/10.17705/1jais.00649 

24. Schlimbach, R., Khosrawi-Rad, B., Lange, T., Strohmann, T., Robra-Bissantz, S.: Design 
knowledge for virtual learning companions from a value-centered perspective. Commun. 
Assoc. Inf. Syst. 54, 293–330 (2024). https://doi.org/10.17705/1CAIS.05411 

25. Jain, M., Kumar, P., Kota, R., Patel, S.N.: Evaluating and informing the design of chatbots. 
Presented at the Proceedings of the 2018 Designing Interactive Systems Conference (2018) 

26. Song, D., Oh, E.Y., Rice, M.: Interacting with a conversational agent system for educa-
tional purposes in online courses. In: 2017 10th International Conference on Human System 
Interactions (HSI), pp. 78–82. IEEE, Ulsan (2017). https://doi.org/10.1109/HSI.2017.800 
5002 

27. Elshan, E., Ebel, P.: Let’s team up: designing conversational agents as teammates. In: ICIS 
2020 Proceedings, Hyderabad (2020) 

28. Wambsganß, T., Söllner, M., Leimeister, J.M.: An Adaptive Dialog-Based Tutoring System 
for Argumentation Skills. 18 (2020) 

29. Herrmann-Werner, A., Loda, T., Junne, F., Zipfel, S., Madany Mamlouk, A.: “Hello, my 
name is Melinda”—students’ views on a digital assistant for navigation in digital learning 
environments; A qualitative interview study. Front. Educ. 5 (2021). https://doi.org/10.3389/ 
feduc.2020.541839 

30. Winkler, R., Hobert, S., Salovaara, A., Söllner, M., Leimeister, J.M.: Sara, the Lecturer: 
improving learning in online education with a scaffolding-based conversational agent. In: 
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, pp. 1– 
14. Association for Computing Machinery, New York (2020). https://doi.org/10.1145/331 
3831.3376781 

31. Rodriguez, J., Piccoli, G., Bartosiak, M.: Nudging the Classroom: Designing a Socio-
Technical Artifact to Reduce Academic Procrastination. (2019). https://doi.org/10.24251/ 
HICSS.2019.533 

32. Ramandanis, D., Xinogalos, S.: Designing a Chatbot for contemporary education: a systematic 
literature review. Information. 14, 503 (2023). https://doi.org/10.3390/info14090503 

33. Halan, S., Rossen, B., Cendan, J., Lok, B.: High Score! - Motivation strategies for user par-
ticipation in virtual human development. In: Allbeck, J., Badler, N., Bickmore, T., Pelachaud,

https://doi.org/10.1006/ijhc.1995.1042
https://doi.org/10.1006/ijhc.1995.1042
https://doi.org/10.1111/0022-4537.00153
https://doi.org/10.1016/j.ijhcs.2019.07.009
https://doi.org/10.1016/j.ijhcs.2019.07.009
https://doi.org/10.1145/258549.258797
https://doi.org/10.1201/b18448
https://doi.org/10.17705/1jais.00649
https://doi.org/10.17705/1CAIS.05411
https://doi.org/10.1109/HSI.2017.8005002
https://doi.org/10.1109/HSI.2017.8005002
https://doi.org/10.3389/feduc.2020.541839
https://doi.org/10.3389/feduc.2020.541839
https://doi.org/10.1145/3313831.3376781
https://doi.org/10.1145/3313831.3376781
https://doi.org/10.24251/HICSS.2019.533
https://doi.org/10.24251/HICSS.2019.533
https://doi.org/10.3390/info14090503


Designing CAI Along Bloom’s Taxonomy 231

C., Safonova, A. (eds.) Intelligent Virtual Agents, pp. 482–488. Springer, Berlin, Heidelberg 
(2010). https://doi.org/10.1007/978-3-642-15892-6_52 

34. Katchapakirin, K., Anutariya, C.: An architectural design of ScratchThAI: a conversational 
agent for computational thinking development using scratch. In: Proceedings of the 10th 
International Conference on Advances in Information Technology, pp. 1–7. Association for 
Computing Machinery, New York (2018). https://doi.org/10.1145/3291280.3291787 

35. Kumar, R., Rosé, C.P.: Architecture for building conversational agents that support collab-
orative learning. IEEE Trans. Learn. Technol. 4, 21–34 (2011). https://doi.org/10.1109/TLT. 
2010.41 

36. Lippert, A., Shubeck, K., Morgan, B., Hampton, A., Graesser, A.: Multiple agent designs 
in conversational intelligent tutoring systems. Technol. Knowl. Learn. 25, 443–463 (2020). 
https://doi.org/10.1007/s10758-019-09431-8 

37. Hayashi, Y.: Multiple pedagogical conversational agents to support learner-learner collabo-
rative learning: effects of splitting suggestion types. Cogn. Syst. Res. 54, 246–257 (2019). 
https://doi.org/10.1016/j.cogsys.2018.04.005 

38. Schlimbach, R., Lange, T., Wagner, F., Robra-Bissantz, S., Schoormann, T.: An educational 
business model ideation tool -insights from a design science project. Commun. Assoc. Inf. 
Syst. 54 (2024). https://doi.org/10.17705/1CAIS.05423 

39. Cai, Z., Park, S., Nixon, N., Doroudi, S.: Advancing knowledge together: integrating large 
language model-based conversational AI in small group collaborative learning. Ext. Abstr. 
CHI Conf. Hum. Factors Comput. Syst. (2024). https://doi.org/10.1145/3613905.3650868 

40. Batista, J., Mesquita, A., Carnaz, G.: Generative AI and higher education: trends, challenges, 
and future directions from a systematic literature review. Information. 15, 676 (2024). https:// 
doi.org/10.3390/info15110676 

41. Wang, Y., Hanafi Zaid, Y., Li, J., Pan, Y.: Opportunities and challenges of using ChatGPT as a 
teaching assistant in English language teaching: a systematic literature review. In: Proceedings 
of the 2024 International Symposium on Artificial Intelligence for Education, pp. 375–382. 
ACM, Xi’an (2024). https://doi.org/10.1145/3700297.3700362 

42. Strohmann, T., Siemon, D., Khosrawi-Rad, B., Robra-Bissantz, S.: Toward a design theory 
for virtual companionship. Human–Comput. Inter. 38, 194–234 (2022). https://doi.org/10. 
1080/07370024.2022.2084620 

43. Schlimbach, R., Windolf, C., Robra-Bissantz, S.: A Service Perspective on Designing 
Learning Companions as Bonding and Mindful Time Managers in Further Education. (2023) 

44. Bovill, C.: Co-creation in learning and teaching: the case for a whole-class approach in higher 
education. High. Educ. 79, 1023–1037 (2020). https://doi.org/10.1007/s10734-019-00453-w

https://doi.org/10.1007/978-3-642-15892-6_52
https://doi.org/10.1145/3291280.3291787
https://doi.org/10.1109/TLT.2010.41
https://doi.org/10.1109/TLT.2010.41
https://doi.org/10.1007/s10758-019-09431-8
https://doi.org/10.1016/j.cogsys.2018.04.005
https://doi.org/10.17705/1CAIS.05423
https://doi.org/10.1145/3613905.3650868
https://doi.org/10.3390/info15110676
https://doi.org/10.3390/info15110676
https://doi.org/10.1145/3700297.3700362
https://doi.org/10.1080/07370024.2022.2084620
https://doi.org/10.1080/07370024.2022.2084620
https://doi.org/10.1007/s10734-019-00453-w


Designing a Large Language Model Based 
Conversational Agent for Language 

Acquisition 

Nicolas Neis1(B) , Philipp Spleth2 , Cecilie Kudlek2 , 
Rüdiger Zarnekow2 , and Axel Winkelmann1 

1 University of Würzburg, 97070 Würzburg, Germany 
{nicolas.neis,axel.winkelmann}@uni-wuerzburg.de 
2 Technische Universität Berlin, 10623 Berlin, Germany 
{spleth,c.kudlek,ruediger.zarnekow}@tu-berlin.de 

Abstract. Language acquisition through tandem learning, where learn-
ers practice with native speakers, is widely recognized for its effectiveness 
in enhancing communication skills and cultural understanding. However, 
this method faces persistent challenges, including difficulty finding com-
mitted partners, scheduling conflicts, inconsistent feedback, and anxiety 
about making mistakes. While common language exchange apps pro-
vide online solutions, these limitations often constrain them. This study 
explores the potential of a GPT-4o-based conversational agent (CA) as 
an alternative language exchange partner. CAs offer constant availabil-
ity, immediate responses, and non-judgmental corrective feedback, pre-
senting a promising solution to the barriers faced in traditional tandem 
learning. We employ a design science research approach to design, imple-
ment, and evaluate a CA specifically for English language learners. The 
CA’s features, including adaptive language levels and contextual con-
versational abilities, are guided by principles of second language acqui-
sition. Results from user tests and semi-structured interviews reveal its 
strengths in facilitating consistent practice and reducing learner anxi-
ety while highlighting limitations in emotional connection and cultural 
depth. This study contributes to understanding how advanced conver-
sational AI can complement traditional language learning methods and 
offers valuable insights for future educational technology development. 

Keywords: Language Learning · Conversational Agent · eTandem 

1 Introduction 

Language skills are vital for accessing global opportunities in education, busi-
ness, and social interactions. Practicing with native speakers is considered one 
of the most effective methods for language acquisition, offering real-life conver-
sational experience. This is not limited to face-to-face exchanges but has been 
increasingly conducted online [ 47]. Language exchange apps like HelloTalk [ 11] 
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and Tandem [ 45] provide online platforms for connecting learners with native 
speakers, but these solutions are not without limitations. Challenges such as 
difficulty in finding committed tandem partners, long response times, and inter-
personal barriers like anxiety about mistakes hinder the process [ 5, 13, 21]. 

Conversational agents (CA) have emerged as an alternative to established 
forms of language practice, offering constant availability, immediate responses, 
and corrective feedback while potentially reducing learners’ anxiety [ 13]. Unlike 
traditional language exchange methods, CAs eliminate challenges such as 
scheduling conflicts and inconsistent feedback from human partners, providing 
a more accessible and dependable practice tool [ 54]. Despite these advantages, 
many CAs fail to maintain coherent and natural conversations, limiting their 
effectiveness for language learning [ 5]. The introduction of ChatGPT in Novem-
ber 2022 [ 30] marked a significant advancement in conversational AI, with fea-
tures such as contextual understanding, adaptability across diverse topics, and 
the ability to sustain coherent, multi-turn dialogues, setting it apart from earlier 
chatbot technologies. Its human-like dialogue capabilities make it a promising 
tool for language learning, though research on its specific potential for conver-
sational practice remains scarce [ 18, 52]. 

Hence, we aim to address the following research question: How should an 
adaptive GPT-based CA be designed to replace or surpass human language 
exchange partners for language acquisition? This question is significant as it 
examines the potential of cutting-edge AI to address persistent challenges in tra-
ditional language learning, such as accessibility and consistent feedback, offering 
insights into the future of educational technologies. Focusing on English, the 
most frequently studied second language and the dominant language in GPT 
training datasets, the study explores how a custom GPT-4o-based CA in the 
form of a text-based chatbot performs as a conversational partner. A design sci-
ence research approach guides the study, aiming to design and evaluate a CA 
that aligns with established success factors in language acquisition. 

User tests and semi-structured interviews with English learners familiar with 
tandem learning provide qualitative data for evaluation. Results highlight the 
CA’s potential to address the limitations of human tandem partners by offering 
frequent interaction, immediate feedback, and a non-judgmental environment. 
However, limitations in social communication aspects, such as emotional con-
nection, persist. This research makes three main contributions: (1) It broadens 
the theory by transferring the social constructivist and interactionist learning 
theory to designing AI-based CA for language acquisition. (2) It extends the 
interactionist learning theory by showing that besides human interaction, GPT-
4o-based CAs can be used as competent partners for learning but are limited in 
social contexts. (3) It supports practitioners with guidelines for designing CAs 
for language learning with DP and evaluating our prototype.
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2 Foundation and Related Work 

2.1 Principles of Language Exchange 

Language exchange, or tandem language learning, pairs speakers of different 
native languages to mutually learn each other’s language through bilingual con-
versations [ 47]. The more proficient partner aids in language acquisition by 
correcting errors and facilitating expression [ 23]. This method is grounded in 
social constructivist and interactionist learning theories [ 29]. The zone of proxi-
mal development (ZPD) from social constructivist theory describes the distance 
between what learners can do independently and what they can do with guid-
ance from a more capable peer [ 51]. Ohta [ 29] applies this principle to second 
language learning and shows a higher level of development when the language is 
used in collaboration with a more capable dialog partner. In tandem learning, 
thus, language acquisition takes place within the learner’s ZDP by filling this 
gap through collaborative activities supported by the assistance of the more pro-
ficient tandem partner. Interactionist theory shows that learning occurs through 
conversations, which are not just a medium for practicing [ 8]. Similarly, Long’s 
[ 25] interaction hypothesis emphasizes that negotiation for meaning in conver-
sations promotes comprehension and language development. 

Tandem learning occurs face-to-face or online (eTandem), including text-
based communication [ 4], on which we focus. Text-based tandem offers unique 
benefits, such as real-time visibility and achievability, allowing learners to review 
and reflect on their language use during and after interactions [ 31]. Modes include 
asynchronous communication, like emails, and synchronous methods, like online 
chats [ 37]. Asynchronous tandem allows learners time to draft responses and 
detailed corrections, while synchronous tandem resembles oral communication, 
emphasizing negotiation of meaning but with less detailed feedback [ 31]. 

2.2 Conversational Agents for Language Acquisition 

Conversational agents (CAs) are systems designed to simulate human dialogue 
through voice or text interactions [ 54]. They are broadly categorized into rule-
based, retrieval-based, generative-based, and hybrid models [ 14]. Rule-based CAs 
rely on manually defined rules, making them suitable for specific tasks but lim-
ited in handling complex dialogues and grammatical errors [ 1, 35]. Retrieval-
based CAs select responses from a predefined database using similarity measures, 
offering coherent replies constrained by the quality and breadth of the response 
repository [ 16]. Generative-based models, trained on large datasets, dynamically 
produce responses, leveraging sequence-to-sequence frameworks [ 42, 49]. How-
ever, they require extensive filtering to mitigate inappropriate outputs [ 32]. 

Developed in the 1960s, ELIZA demonstrated early rule-based CA capabil-
ities in psychotherapy simulations [ 55]. More advanced retrieval-based systems, 
such as Cleverbot, utilize large conversational databases for improved response 
generation [ 5]. Mitsuku integrates artificial intelligence markup language (AIML) 
with machine learning techniques to maintain coherent multi-turn interactions
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[ 15]. OpenAI introduced ChatGPT in 2022, marking a significant advancement 
in CA technology with its foundation on the generative pre-trained transformer 
(GPT) architecture [ 30]. This model employs a transformer-based self-attention 
mechanism [ 48], enabling nuanced language comprehension and context-aware 
responses [ 17]. ChatGPT generates responses autoregressively, predicting tokens 
sequentially within contextual embeddings [ 56]. 

Several related works have investigated CAs for their applicability in language 
learning. Gallacher et al. [ 7] examined interactions between Japanese students 
and Cleverbot, noting the chatbot’s effectiveness in vocabulary exposure and its 
limitations in emotional engagement and contextual appropriateness. Similarly, 
Shin et al. [ 40] evaluated Mitsuku for English language learning among Korean 
students, identifying its lexically rich responses yet noting its tendency for repet-
itive or irrelevant answers. Belda-Medina and Calvo-Ferrer [ 3] highlighted ethical 
concerns, particularly Mitsuku’s generation of offensive responses, while recog-
nizing Replika’s enhanced user customization features. 

Emerging research on ChatGPT’s role in language learning suggests promis-
ing applications. Studies by Al-Obaydi et al. [ 2], Kohnke et al. [ 18], and Liu 
et al. [ 24] emphasize its potential for conversation practice, though empirical 
studies remain limited. Shaikh et al. [ 39] reported high satisfaction levels, partic-
ularly in grammar correction tasks, though the absence of detailed task analysis 
leaves open questions regarding its educational efficacy. Lorentzen and Bonner 
[ 26] explored a personalized ChatGPT chatbot in Japanese university settings, 
demonstrating increased engagement through persona customization. However, 
students struggled to maintain natural, detailed interactions, highlighting the 
need for enhanced conversational depth in AI-driven learning tools. These find-
ings highlight the potential of AI-driven CAs in education and reveal persistent 
challenges in contextual comprehension, error correction, and user satisfaction, 
which we address to optimize their pedagogical impact. 

3 Research Design 

This study adopts the Design Science Research (DSR) methodology to address 
the research question and develop a chatbot application. DSR focuses on creating 
innovative artifacts that solve real-world problems, contributing to both practice 
and the academic knowledge base [ 12]. The DSR process model by Peffers et al. 
[ 34] structures this research into six steps (see Fig. 1). 

Objectives of a 
Solution 

Problem Identification 
& Motivation 

Design & 
Development Demonstration Evaluation Communication 

Current solution lack:
- finding partners, 
- scheduling conflicts,
- long response times
- inconsistent feedback
- inter-personal barriers 

Derivation of success 
factors based on the 

literature. 

Derivation of design 
principles based on 

success factors. 

Implementation guided 
by the design principles. 

Conduction of user 
tests. 

Qualitative analysis of 
the prototype through 

semi-structured 
interviews. 

Fig. 1. Research Approach, according to Peffers et al. [ 34]
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The research problem and its motivation were defined in the introduction, 
supported by a literature review on success factors in tandem language learn-
ing and challenges with human tandem partners. Our related work examines 
the limitations of existing CA solutions for language practice. Based on these 
insights, design principles were derived to address identified challenges and guide 
the artifact design and development. We demonstrated the artifact through user 
tests involving English language learners experienced in human tandem learning. 
Semi-structured interviews provided qualitative data for the evaluation. Finally, 
this paper communicates the design knowledge gained in developing a custom 
conversational agent based on GPT-4o as a language exchange partner. While 
DSR is often iterative, this research focuses on the initial cycle. 

4 Objectives of a Solution 

Language acquisition in tandem learning depends on several factors that deter-
mine the aims of our solution. Success factors for language acquisition can be 
derived from existing research using a literature analysis according to [ 50]. Reg-
ular communication provides essential opportunities for language practice. The 
comprehensible input hypothesis [ 20] and the output hypothesis [ 43] highlight 
the importance of exposure to and production of language for learning. How-
ever, asynchronous tandem may be hindered by time zone differences or partner 
availability [ 10]. The noticing concept suggests that learners acquire language by 
consciously identifying errors [ 38]. Tandem partners, however, often lack profes-
sional teaching expertise, leading to inconsistent feedback [ 22]. Feedback quality 
depends on partners’ commitment and communication focus [ 31]. Effective tan-
dem learning requires comprehensible input slightly beyond the learner’s current 
level [ 20]. Disparities in partners’ language levels may lead to imbalanced use of 
languages, limiting opportunities for the less proficient learner [ 36]. The affective 
filter hypothesis suggests that high motivation and low anxiety enhance language 
acquisition [ 19]. Tandem learning’s informal, interest-driven format can increase 
motivation while reducing anxiety, though mismatched partners or personal com-
plications may hinder progress [ 46, 53]. In summary, tandem learning provides 
a dynamic platform for language acquisition, blending interactionist principles 
with the flexibility of modern communication technologies. Learners can max-
imize their potential in this collaborative learning environment by addressing 
feedback, frequency, and partner compatibility. 

5 Design and Development 

5.1 Deriving Design Principles from Theory 

We derived five design principles (DP) from our literature review on language 
acquisition success factors and challenges with human tandem partners and CAs 
in language learning. Following the format proposed by Gregor et al. [ 9], we 
explicated the rationales behind these principles, ensuring a standardized schema
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Table 1. Design Principles 

DP Title Details Source 
1 Natural 

Communication 
AIM: Allow human-like communication. Mechanism: 
Produce semantically coherent, natural, and lexically rich 
responses. Rationale: Supports language acquisition 
(comprehensible input hypothesis) and motivation 
(affective filter hypothesis). 

[ 6,40] 

2 Providing 
Corrective 
Feedback 

AIM: Reflect on language errors. Mechanism: 
Highlight linguistic errors and provide corrections. 
Rationale: Salient feedback aids 
noticing (noticing hypothesis). 

[ 3,27,31] 

3 Adequate 
Language Level 

AIM: Adapt input to user level. Mechanism: 
Output messages matching user language level. Rationale: 
Comprehensible input facilitates language acquisition. 

[ 6] 

4 Low 
Affective Filter 

AIM: Create a stress-free learning environment. 
Mechanism: Use encouraging, non-judgmental language. 
Rationale: Low anxiety promotes acquisition 
(affective filter hypothesis). 

[ 3, 5] 

5 Intuitive User 
Interface 

AIM: Focus attention on learning. 
Mechanism: Provide an intuitive, easy-to-use 
interface. Rationale: Reduces cognitive load, 
freeing resources for learning. 

[ 21,44] 

that supports reuse and adaptation in similar contexts. The context is set in 
chatbot-based language learning for all five design principles and is therefore 
not included in the table to improve clarity (see Table 1). 

The primary challenge of CAs used for language learning lies in their lim-
ited conversational ability, particularly in maintaining coherent communication 
over multiple exchanges. Loss of context and irrelevant responses can diminish 
learner motivation and adherence to language practice [ 6, 40]. To address this, 
our first design principle emphasizes natural conversational flow. Unlike human 
tandem partners, most CAs fail to provide consistent corrective feedback [ 3], so 
our chatbot will highlight errors after every incorrect user message, leveraging 
Mayer’s [ 27] signaling principle to focus learners on corrections. While excessive 
human feedback may discourage [ 31], its impact on chatbot interactions will be 
assessed. Additionally, our CA will adapt to users’ proficiency levels [ 6], ensuring 
supportive and non-offensive interactions [ 3]. Language learners often feel less 
anxious with CAs than with humans [ 5], making emotional safety a key design 
goal. Lastly, based on Kuhail et al. [ 21] and Sweller’s [ 44] cognitive load the-
ory, the interface will minimize distractions to support effective communication. 
These principles, outlined in Table 1, aim to enhance the CA’s usability and 
effectiveness for language learning.
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5.2 Chatbot Development 

To fulfill the design principles outlined earlier, we developed the chatbot using 
Python, integrating the OpenAI Application Programming Interface (API) and 
Streamlit [ 41] to provide an accessible web application. Upon user input, the 
system initiates an HTTP call to the OpenAI API, utilizing the GPT-4o model 
to generate a conversational response and corrective feedback. The system high-
lights language errors in the user’s message with corrections. The chat interface 
preserves the entire conversation history until the user refreshes or closes the 
page, ensuring a coherent interaction experience. A sample conversation and the 
user interface are depicted in Fig. 2. 

Fig. 2. User Interface of the implemented GPT-based Conversational Agent 

We chose GPT-4o due to its capability for structured outputs, aligning with 
the Response object schema defined using a Pydantic class. The model catego-
rizes input messages into three roles: system, assistant, and user. The system 
message gives contextual instructions, while the assistant message responds to 
the user’s input and provides corrections. A system prompt instructs the model’s 
behavior by defining tasks such as generating human-like replies and correcting 
user messages. 

The CA emulates human interaction by incorporating a persona with traits 
such as a name, age, and hobbies into its responses. This ensures alignment 
with DP1 by enhancing natural communication. To address the verbosity of 
AI-generated replies and improve language learning efficacy, we instructed the 
model to provide concise responses, adhering to typical online chat conventions. 
The CA allows users to select the desired language level based on the Common 
European Framework of Reference for Languages (CEFR). This functionality



LLM-Based Conversational Agent for Language Acquisition 239

supports DP3, ensuring responses match the user’s proficiency level. By default, 
the CA automatically adapts its language level based on user input and pro-
vides a manual override for user preference or challenge. To maintain coherence, 
the CA includes the entire conversation history in its input context. Messages 
are stored in a list and appended to each new input before being sent to the 
model. This approach supports DP1 by ensuring contextually relevant responses. 
Figure 3 illustrates the individual components of the input to and output from 
the model. 

Fig. 3. Input to and Output from the Language Model 

The model’s context window of 128,000 tokens (.≈ 96,000 words) limits the 
implementation. Although summarization could extend usability, we deemed it 
unnecessary for the 10–20-minute user tests, as the token limit remained unex-
ceeded. The corrective feedback mechanism addresses DP2. After generating a 
response, the system compares the user’s original message with the corrected 
form. The correction function highlights errors in red and marks corrections in 
green when it detects discrepancies. It identifies character or word-level differ-
ences. This approach enhances feedback clarity and supports language learning, 
even for single-word inputs or languages without spaces. We chose GPT-4o, 
trained to minimize toxic outputs, to create a comfortable learning environment 
(DP4). Although generally reliable, the model may still generate inappropriate 
responses under specific conditions. Given the low likelihood of such scenarios, 
additional mitigation measures, such as explicit prohibitions against generating 
insults, were deemed unnecessary to avoid increasing input length. 

The chatbot’s web application, built with Streamlit, features a user-friendly 
interface optimized for language learning. The design minimizes distractions by 
organizing supplementary options in a sidebar, such as language level selection. 
This interface design supports DP5 by promoting user focus on the conversation. 
Customization options, such as a sample message to define the CA’s personality,
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further enhance engagement. Icons distinguish between user messages, assistant 
responses, and feedback, maintaining clarity in the conversation history. For 
further technical details and code, refer to the full implementation at https:// 
github.com/cecik4/chatbot. 

6 Demonstration and Evaluation 

We adopted a qualitative approach to demonstrate the CA, conducting user 
tests followed by an evaluation through semi-structured interviews. Participants 
(n = 9) were recruited via HelloTalk, ensuring familiarity with human tandem 
learning, and could compare their impressions of our CA with the app. The 
sample was intentionally diverse, considering language proficiency, age, and the 
number of corrections made on the HelloTalk correction tool to indicate usage 
intensity, enabling a broad exploration of user needs [ 33]. Table 2 summarizes 
the heterogeneous participant (P1-P9) composition, categorizing participants’ 
occupations as students (S) or employees (E). 

Table 2. User Test and Interview Participants 

Participant P1 P2 P3 P4 P5 P6 P7 P8 P9 
Age 24 29 51 23 38 48 38 24 58 
Gender F F M M F M M F M 
Occupation S E E S E E E S E 
Language level (CEFR) C1 B2 A2 B2 A1 C1 B2 A1 C1–C2 
HelloTalk corrections 4 1251 49 17 1412 370 109 118 6191 

The web-based CA was hosted on Streamlit [ 41] Community Cloud and 
accessed via a browser link for the demonstration. Participants interacted with 
the chatbot in English for 10–20 minutes, treating it as a human tandem part-
ner. Additional message suggestions guided users during interactions, which we 
logged for interview context. Semi-structured interviews with open-ended ques-
tions explored language acquisition, CA design principles, and participants’ pref-
erences compared to human tandem partners. An interview guide ensured con-
sistency while allowing new topics to emerge. 

We applied Mayring’s [ 28] Qualitative Content Analysis using the Summa-
rization technique to condense the interview data while preserving the core mean-
ing to identify key themes in language acquisition. In the first reduction phase, 
individual cases were analyzed, with participants’ statements about language 
learning via chatbot/CA or human tandem partners paraphrased. Using expli-
cation, we clarified statements with conversation logs and marked ambiguous 
opinions as positive, neutral, or negative. We generalized these paraphrases to

https://github.com/cecik4/chatbot
https://github.com/cecik4/chatbot
https://github.com/cecik4/chatbot
https://github.com/cecik4/chatbot
https://github.com/cecik4/chatbot
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reflect individual perceptions while omitting redundant or insignificant informa-
tion. In the second phase, we synthesized categories from all cases into overar-
ching themes and counted the frequency of statements to analyze trends. This 
structured analysis provides the foundation for evaluating the CA [ 28]. 

We evaluated the effectiveness of our CA for language learning based on 
participant feedback. Through the second reduction phase, we identified 39 key 
themes and organized them into broader topic areas, as presented below. 
Conversational Skills and Dialogue Development. Users primarily per-
ceived the chatbot’s conversational abilities as positive. Participants highlighted 
its human-like responses, coherence, and diversity. Follow-up questions encour-
aged engagement and long-form replies. However, some responses were seen as 
overly generic or unrealistic compared to human interactions, particularly with 
emotional topics. The CA’s extensive knowledge across topics was appreciated, 
though a few participants noted this as unnatural in typical conversations. The 
ability to sustain dialogues and propose new topics was a benefit, especially for 
language practice. Additionally, participants identified the absence of multimedia 
functionalities, including image and video exchange, audio calls, and real-time 
pronunciation feedback, as limitations impeding the CA’s ability to replicate 
human tandem communication. 
Corrective Feedback. Participants unanimously found the corrective feed-
back helpful, emphasizing its immediacy, accuracy, and comprehensiveness. They 
praised the error highlighting for its visibility, and the CA consistently outper-
formed human partners in providing unbiased corrections. Specific feedback, 
such as spelling and grammar corrections, was appreciated, while feedback on 
minor issues, like punctuation or text formatting, received mixed reactions. Some 
participants desired automated grammatical explanations and features to track 
frequent mistakes for future improvement. While the CA could provide explana-
tions upon request, automatic elaboration on errors was preferred. 
Language Level and Usage. The CA successfully adapted to participants’ 
language levels, with most finding the default setting appropriate. However, 
some advanced participants desired more challenging vocabulary and complex 
responses. The CA’s use of accurate and standard English was commended, 
especially by those with lower proficiency. Simplicity in phrasing enabled ease 
of understanding, though advanced users expressed interest in incorporating 
dialects, slang, and idiomatic expressions to enrich their learning experience. 
Affective Factors. Participants described the CA as engaging and enjoy-
able, appreciated its ability to discuss personal interests, and valued its non-
judgmental tone. Unlike human interactions, participants felt less inhibited dis-
cussing sensitive or embarrassing topics, which fostered a supportive learning 
environment. The CA’s empathetic responses and positive reinforcement con-
tributed to its perceived user-friendliness. However, participants perceived its 
emotional depth and expressiveness as limited compared to human interactions. 
Usability and Response Speed. The user interface received universal praise 
for being straightforward, intuitive, and well-organized. Participants valued its
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customization options, including dark mode and message-type icons. Sugges-
tions for improvement included enabling the personalization of message icons. 
Users highlighted the chatbot’s constant availability and instant responses as key 
advantages over human tandem partners, often limited by time zones and other 
commitments. This allowed for independent and flexible language practice. 

Social Dimension of Human Communication. Despite its strengths, the 
CA fell short of replicating human communication’s social and emotional dimen-
sions. Participants noted that humans bring cultural experiences, personal anec-
dotes, and unique writing styles, which enhance language learning. The inability 
to form emotional connections or develop friendships with the CA was a recur-
ring drawback. Participants emphasized that human interactions remain more 
engaging and meaningful for long-term language practice. 

Intention of Further Use. Four participants expressed strong intentions to 
continue using the CA, citing its value for practicing low-proficiency languages, 
receiving immediate feedback, and supplementing human interactions. Others 
preferred human tandem learning for its emotional richness, cultural insights, 
and opportunities to build personal connections. The participants witnessed the 
CA as a valuable tool for specific purposes but not a complete substitute for 
human interaction in language learning. 

7 Discussion 

This study’s findings highlight both the potential and limitations of GPT-4o-
based CAs as language exchange partners. The study confirms that conver-
sational agents can effectively address key challenges associated with human 
tandem partners, such as availability, consistency, and corrective feedback. The 
findings align with prior research emphasizing the importance of immediate feed-
back in language acquisition [ 27, 38]. Unlike human tandem partners, who may 
provide inconsistent or delayed corrections [ 22], the CA offered structured and 
immediate error feedback, supporting Schmidt’s noticing hypothesis [ 38]. 

Furthermore, the comprehensible input hypothesis [ 20] and the output 
hypothesis [ 43] suggest that language learning is optimized when learners are 
exposed to slightly challenging but understandable input. The CA successfully 
adapted to users’ proficiency levels, ensuring that interactions remained within 
their zone of proximal development (ZPD) [ 51]. However, some advanced users 
needed more complex language and exposure to informal linguistic features, such 
as idiomatic expressions and dialectal variations. This suggests that future CAs 
integrate variable complexity settings to personalize language exposure further. 
While the CA demonstrated advantages in fostering a low-anxiety learning envi-
ronment, it was limited in replicating human interactions’ social and emotional 
richness. The affective filter hypothesis [ 19] suggests that lower anxiety enhances 
language learning. Participants in this study reported feeling less self-conscious 
when practicing with the CA compared to human partners, supporting the idea
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that AI can create a stress-free learning environment [ 5]. This aligns with find-
ings by Shaikh et al. [ 39], who observed that AI-driven chatbots reduced lan-
guage learners’ anxiety and increased willingness to engage in conversations. 
However, the absence of human-like emotional connections was a critical limita-
tion. Participants noted that human interactions offer cultural insights, nuanced 
personal expression, and opportunities for friendship, which were not replicable 
by the CA. Prior research highlights that social constructivist learning relies on 
meaningful interpersonal interactions [ 29, 46], which AI-driven systems struggle 
to replicate. This underscores the importance of integrating more advanced sen-
timent analysis and emotional intelligence into CAs to enhance engagement and 
interpersonal connection. 

Users consistently viewed the CA’s feedback mechanism as valuable, par-
ticularly for grammar and vocabulary corrections. This supports findings from 
previous studies on AI chatbots in language education, which emphasize the role 
of automated error detection in language learning [ 3, 24]. However, some partic-
ipants desired more explicit explanations of errors and a history of their com-
mon mistakes, which could enhance metalinguistic awareness. Future CA devel-
opment should consider integrating explicit grammar explanations and track-
ing common user errors to promote long-term learning. Additionally, while the 
CA provided corrective feedback in an unbiased and structured manner, human 
partners offered more nuanced and contextualized feedback. As O’Rourke [ 31] 
suggests, human interactions allow for a more detailed discussion of language 
nuances, which AI-based systems may struggle to provide. Incorporating con-
textualized correction explanations and examples within CAs could improve 
their pedagogical effectiveness. Participants generally praised the CA’s usability, 
interface, and availability, noting that its constant accessibility provided a major 
advantage over human partners constrained by schedules and time zones. These 
findings align with research emphasizing the role of usability in AI-driven educa-
tional tools [ 21, 44]. Participants suggested integrating multimodal features such 
as voice interaction, image-based communication, and pronunciation feedback. 
Given that multimodal learning enhances engagement and comprehension [ 27], 
future research should explore features to create a more immersive learning. 

While this study demonstrates the potential of GPT-4o-based CAs for lan-
guage acquisition, several limitations remain. First, the study focused on text-
based interactions, limiting the exploration of spoken language practice. Future 
research should investigate the effectiveness of voice-based conversational agents 
compared to human interactions. Second, the study’s sample size was relatively 
small (n = 9), restricting the generalizability of findings. A more extensive and 
diverse participant pool across different proficiency levels and cultural back-
grounds would provide a more comprehensive understanding of CA effective-
ness. Third, the short duration of the user tests is a limitation, as participants 
did not explore all customization options, such as adjusting language level or 
personality settings, which may have influenced the results. Fourth, while par-
ticipants interacted with the CA over a short-term period, long-term studies 
are needed to assess sustained engagement and learning outcomes. Longitudinal
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research could evaluate how users integrate AI-based CAs into their language-
learning routines and whether they remain motivated over time. Additionally, 
future studies should compare CA-driven language learning to traditional class-
room settings and human tandem learning to identify optimal use cases. 

8 Conclusion 

This study contributes to constructivist and interactionist learning theory by 
demonstrating that AI-driven CAs can serve as effective, consistent, and anxiety-
reducing language exchange partners. It extends the interactionist perspective 
by showing that AI-based dialogue can facilitate language development despite 
limitations in social interaction. However, human partners remain essential for 
cultural and emotional engagement. Future research should refine AI’s role in 
adaptive, multimodal, and context-aware communication. By addressing these 
challenges, AI-based CAs could complement language acquisition, offering learn-
ers a scalable and personalized alternative to human tandem partners. 
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Abstract. This paper investigates how digital infrastructures, guided by growth 
tactics, can support trans-situated learning within networks of practice, promot-
ing transparency, collaboration, and knowledge sharing across organizational 
boundaries. Using a design science research (DSR) approach, we developed and 
evaluated “SISA News,” an information infrastructure for the Swedish Infor-
mation Systems (IS) research community. The system aggregates news from 
18 IS departments via RSS feeds, social media, and digital signage, facilitating 
cross-departmental engagement and vicarious learning. 

The evaluation, based on the FEDS framework [22], includes proof-of-
concept, proof-of-use, and proof-of-value stages [13], combining technical tests, 
social network analysis, and user feedback. Results demonstrate the infrastruc-
ture’s effectiveness in enhancing transparency, enabling legitimate peripheral par-
ticipation, and fostering knowledge exchange. Key challenges include achieving 
critical mass and maintaining content relevance across diverse stakeholders. 

This study contributes to theory by advancing understanding of trans-situated 
learning and the role of growth tactics—such as adding services and providing 
interfaces—in the scalability and adaptability of digital infrastructures. It also 
highlights the mutual interplay between social learning processes and platform 
design . 

Keywords: Digital infrastructures · Trans-situated learning · CoP · NoP · design 
science research 

1 Introduction 

DeSanctis [5] underscores the critical importance of the social life within the informa-
tion systems (IS) research community, asserting that, “The social life of the IS research 
community is its future. How we attract and retain members, and the nature of our schol-
arly discourse with one another, will be the ultimate determinants of the legitimacy of 
the field” (p. 394). DeSanctis’ reflection – a response to the ‘IS crisis debate’ initiated 
by Benbasat and Zmud in the early 2000s [4] – emphasizes the need for stronger col-
laboration, transparency, and connectivity within the field. Building on this vision, this 
paper explores how improved transparency and stronger inter-departmental relations can 
foster collaboration, spur ideation, and ultimately enable joint advancements in research 
and education.
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The increasing emphasis on collaboration is further supported by funding agencies 
and academic institutions, which recognize its critical role in enhancing research quality 
and educational outcomes. For instance, the 2016 Swedish government’s proposition 
for research funding [8] highlights the significance of collaboration, both nationally and 
internationally, as well as between academia and practice. Similarly, funding agencies 
worldwide increasingly prioritize multi-institutional and cross-sector consortia involving 
universities, industry, and the public sector. 

Beyond funding imperatives, IS researchers and educators naturally operate within 
a community of practice [5], working in concert with colleagues from other universities 
and institutions. The creation of high-impact research environments often depends on 
the ability to cultivate meaningful external collaborations [7, 12, 17]. This collaborative 
spirit is equally evident in the realm of education, as illustrated by the AIS curriculum 
guideline initiatives [19, 20] and the activities of the AIS special interest group on 
education, demonstrating a shared enthusiasm for joint efforts to address curricular and 
pedagogical challenges. 

Transparency, however, must extend beyond the academic and research community 
to engage society at large. In accordance with a recent EJIS publication [18], we assert 
that IS researchers must improve communication with practitioners, not only through 
publications but by fostering greater visibility of ongoing research and its societal impact. 
Efforts such as the EJIS initiative, which transforms research articles into practitioner-
oriented summaries, echo similar long-standing practices in outlets like the Harvard 
Business Review. 

This paper positions transparency and collaboration as central to addressing the 
challenges of inter-organizational learning. Specifically, it focuses on the concept of 
trans-situated learning (TSL), introduced by Vaast and Walsham [21], as a means to 
conceptualize and facilitate learning across multiple communities of practice (CoPs). 
TSL enriches the IS discourse by linking the emergence of networks of practice (NoPs) 
to the role of digital infrastructures. The design and development of such infrastructures, 
however, require distinct strategies, often referred to as growth tactics [11], to address 
the complexities of inter-organizational learning. 

In this paper, we extend the discourse on TSL by examining the role of digital 
infrastructures in the Swedish IS research community through a design science research 
(DSR) initiative. We specifically address the research question: 

How can growth tactics be employed to design digital infrastructures for trans-
situated learning in networks of practice? 

The paper follows Gregor and Hevner’s [6] proposed structure for reporting DSR. 
Section 2 introduces the empirical research setting and outlines the applied research. 
Section 3 delves into the theoretical foundations underpinning the study. Section 4 
describes the design and implementation of the information infrastructure, “SISA News,” 
while Sect. 5 presents evaluation results and theoretical development. Finally, Sect. 6 
summarizes the contributions of this research, highlighting its implications for both 
practice, and planned future inquiry into digital infrastructures for TSL.
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2 Research Approach 

This section outlines the empirical context of the SISA network of practice, the inno-
vation opportunity that catalyzed this study, and the situated design science research 
(DSR) approach employed to address it. 

2.1 Research Setting 

The Swedish IS Academy (SISA) serves as the empirical context for this study. Founded 
in 2010, SISA is a network of 20 IS departments across Sweden, dedicated to foster-
ing collaboration and building shared interests in research, education, and outreach. 
Its activities include organizing annual meetings, awarding pedagogical and research 
achievements, and promoting interaction between academia and external stakeholders, 
such as students, practitioners, funding organizations, and policymakers. 

At the 2017 annual SISA meeting, participants identified the need to enhance col-
laboration and awareness across member departments. A specific proposal emerged: 
the development of a shared news outlet to increase transparency and foster connections 
across the community. This idea provided the basis for designing and deploying the SISA 
News information infrastructure, which aggregates and disseminates departmental news 
to support cross-organizational learning and collaboration. 

2.2 Situated Design Science Research Approach 

Given the aim of deriving actionable design knowledge for digital infrastructures that 
support TSL, this study follows the three core cycles of DSR [9, 10]: The relevance 
cycle, the rigor cycle, and the design and evaluation cycle. 

Grounded in the SISA network of practice, the relevance cycle ensures the design 
addresses the practical needs of fostering transparency and collaboration within the 
Swedish IS community. The relevance cycle also includes field testing of the artifact, 
i.e., implementing it into practice and evaluating its qualities in a naturalistic use envi-
ronment. The evaluation in this cycle corresponds to the proof-of-use and proof-of-value 
evaluation in the next section. 

The rigor cycle consists of drawing from the knowledge base, including design 
science methodology), trans-situated learning [21], and growth tactics for digital infras-
tructures [11], the rigor cycle promotes that the system design is theoretically informed 
and generalizable. 

The design and evaluation cycle encompasses the iterative design, implementation, 
and artificial evaluation of the SISA News system. It aims to test the artifact’s ability 
to promote TSL while contributing theoretical insights. The evaluation in this cycle 
corresponds to the proof-of-concept evaluation presented in the next section. 

Within our DSR frame, we adopt a mixed-methods approach [1, 23]. The combina-
tion of qualitative and quantitative methods allows for evaluation drawing on both use 
statistics (i.e., understanding the characteristics of actual use) and an inquiry into people’s 
perceptions about the design. The mixed-methods approach allowed for a comprehensive 
evaluation of the system.
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2.3 Evaluation Approach Using the FEDS Framework 

Our evaluation strategy is based on the Framework for Evaluation in Design Science 
Research (FEDS) proposed by Venable et al. [22]. The evaluation trajectory integrates 
formative and summative assessments across artificial and naturalistic settings: 

1. Proof-of-Concept (Formative and artificial evaluation): Early testing focused on the 
technical feasibility of aggregating and filtering news feeds from diverse sources (e.g., 
RSS, Twitter). Iterative debugging and keyword filtering ensured the infrastructure’s 
reliability and usability. 

2. Proof-of-Use (Summative and naturalistic evaluation): Naturalistic evaluations were 
conducted using system log data to perform social network analysis of news con-
sumption. This revealed patterns of interaction, regional engagement, and the clus-
tering of news readership, offering insights into the infrastructure’s role in fostering 
cross-departmental connections. 

3. Proof-of-Value (Summative and naturalistic evaluation): A user survey and quali-
tative feedback highlighted the perceived value of the system in promoting trans-
parency, fostering collaboration, and enabling knowledge exchange. Stakeholders 
also identified challenges such as achieving critical mass and ensuring content 
relevance. 

By aligning the design and evaluation cycles with the theoretical framework, the study 
advances our understanding of TSL and the role of digital infrastructures in networks 
of practice [21]. The iterative process formalizes the learning gained throughout the 
study – here we subscribe to the ideas of Sein et al [14] of continuous reflection through-
out the DSR process, ensuring that insights from evaluation informs both artifact and 
theory development. Moreover, the integration of growth tactics [11] into the design 
promotes scalability, adaptability, and long-term sustainability of digital infrastructures, 
reinforcing their applicability to other professional communities. 

3 Theoretical Foundation 

In this section, we outline the two kernel theories that informed our design: TSL 
(Sect. 3.1) and Growth tactics for digital infrastructures (Sect. 3.2). The detailed appli-
cation of each kernel theory will be summarized in Sect. 3.3 and further demonstrated 
through the presentation of the artifact in Sect. 4. 

3.1 Trans-situated Learning (TSL) 

Figure 1 depicts the interrelationships between various components of learning dynamics 
within communities of practice (CoPs) and networks of practice (NoPs), and how these 
are supported and conditioned by the underlying information infrastructure. 

The model outlines the notion of TSL – a concept referring to learning that happens 
beyond the immediate context of a single CoP, involving larger networks (NoPs). It 
implies a transfer and adaptation of practices and knowledge across different CoPs 
within the broader network.
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Fig. 1. Trans-situated learning and its relationship with the information infrastructure [after 22] 

First, the model shows how the dynamics of CoPs are opening up. One factor 
explaining this process is the dynamics of legitimate peripheral participation (LPP): LPP 
is a process by which newcomers become integrated into a CoP, moving from peripheral 
participation to full engagement. In the context of TSL, this dynamic is becoming more 
fluid, with increased access to practices and knowledge from other CoPs. Another factor 
is the increased access to other CoPs’ practices: The interconnectivity between different 
CoPs allows practitioners to access a broader range of practices and insights. 

Second, the model shows the Increasing Proximity in NoP: This aspect of the 
model refers to the sharing of resources interrelated throughout NoP: Resources, be it 
knowledge, tools, or practices, are shared across the NoP, transcending the boundaries 
of individual CoPs. Proximity is also increased through the engagement of peers based 
on shared practices: Members from different CoPs engage with each other, facilitated 
by their shared practices and the resources available in the NoP. 

The Information Infrastructure underpins the entire model, playing critical roles 
including: (i) Building and supporting conditions for changes in practices: The infras-
tructure facilitates the sharing of resources and interaction among CoPs and within 
the NoP. (ii) Local universality of the information infrastructure: It suggests a balance 
between global standards and local adaptations, enabling the infrastructure to be relevant 
and useful across diverse local contexts. iii) Embeddedness with other infrastructures: 
This indicates the integration of the information infrastructure with other systems and 
structures within the organizations, enhancing its effectiveness and reach.
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Vaast and Walsham’s view on TSL [21] suggests a co-dependent and mutually con-
stitutive relationship between the social learning dynamics in the NoP and the implemen-
tation and use of the information infrastructure. This means that the learning dynamics 
within the NoP influence and are influenced by the way the information infrastructure 
is designed and used. The model illustrates how TSL across CoPs and within NoPs is 
supported by an information infrastructure that facilitates resource sharing, peer engage-
ment, and adaptation of practices. This infrastructure not only responds to the existing 
practices but also shapes them, contributing to an evolving landscape of learning and 
knowledge exchange. 

3.2 Growth Tactics for Digital Infrastructures 

In order to find explicit ideas on how to extend SISA:s infrastructure for TSL, we turn 
to Henfridsson et al. (2018). They present four growth tactics for digital infrastruc-
tures, each with distinct strategies and outcomes: Adding services, providing interfaces, 
inventing processes, and opening identifiers. Below we introduce these growth tactics 
and their relevance for our design process: 

Adding Services: This tactic involves responding to information service demands by 
creating a platform that encourages interaction among key stakeholders. For SISA, this 
could mean developing a shared platform that integrates news from different depart-
ments, enabling a more responsive and service-oriented approach to disseminate IS 
news across the Swedish IS community. 
Providing Interfaces: This involves offering external application programming interfaces 
(APIs) to allow third-party developers to create services that extend the infrastructure’s 
capabilities. In the SISA case, providing APIs could enable external parties to develop 
applications or services that leverage the SISA news service, potentially leading to 
innovative ways of presenting and using IS news. 
Inventing Processes: This tactic seeks to establish new pathways for distributed service 
innovation, often through contests or hackathons that stimulate the development of new 
services. For SISA, we think of the invention of new processes as the guided emergence 
of the community to find and start using our design, thereby enhancing TSL. 
Opening Identifiers: This tactic involves adopting to allow decentralized utilization of 
data, which encourages new forms of service development beyond the original infras-
tructure. For SISA, adopting a common standard for news dissemination could facilitate 
the integration of news services with international platforms, greatly expanding the reach 
and utility of the IS news service. 

In essence, each tactic can contribute to the design of the SISA news service by expanding 
its functionality, reach, and the innovative potential of the services. 

3.3 Summary: Implications for the Design Process 

In summary, by building on the concepts outlined above, the SISA news system is 
envisioned as an information infrastructure to promote TSL, supporting the Swedish IS 
community in sharing knowledge and fostering a collective identity. Our design process 
factors in these ideas, effectively making them kernel theories in the DSR process. The
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notion of growth tactics for digital infrastructures specifically guides the design process 
through its conceptualization of extension strategies for digital infrastructures. 

Before parting from the theoretical starting points, we need to briefly comment on the 
advent of generative AI (GenAI). Clearly, GenAI relates to several aspects of the SISA 
news service (e.g., for summarizing and translating news, and for classifying whether 
or not content is relevant for IS researchers). Given the timeline of the empirical work 
presented here (2018–2022), GenAI was not factored into the design process. We will, 
however, reflect about our results in relation to GenAI in the concluding discussion. 

4 Artifact Design: The SISA News System 

The solution architecture (Fig. 2) illustrates a digital infrastructure designed to support 
TSL learning within a distributed network of practice, such as the Swedish IS academic 
community. The model integrates growth tactics for digital infrastructures and theoretical 
principles of TSL learning with the goal to promote collaboration, transparency, and 
community engagement across institutional boundaries. 

Fig. 2. Solution architecture for the SISA news system 

The core of the system is the News Database (News DB), which aggregates news 
items from a variety of input streams. The News Tracker, a key processing unit, col-
lects content from multiple sources, including RSS feeds from websites and Twitter
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streams via tools like TwitRSS and a Proxy Service. These sources are processed to 
ensure relevant, high-quality information is retained, reflecting a growth tactic of adding 
services—extending the functionality of existing infrastructures by integrating diverse 
data streams. The IP Location Service enriches the system with geographical meta-
data, enabling content customization and improving relevance for users across different 
regions, which is crucial for fostering TSL. 

The Web App serves as the user-facing interface, allowing stakeholders to access and 
manage aggregated news. This component also generates a Synthesized RSS Feed, which 
acts as a standardized output for automated content distribution. This feed is critical for 
providing interfaces, another growth tactic, as it ensures compatibility with a wide range 
of downstream systems, including RSS readers, websites, WordPress sites, and digital 
signage. By offering a consistent and flexible interface, the system lowers barriers for 
integration with external tools and facilitates seamless dissemination of knowledge, a 
vital enabler of TSL. 

The infrastructure’s design supports dissemination to social media platforms such 
as Facebook and LinkedIn. This multi-channel strategy reflects the growth tactic of 
inventing processes, creating new pathways for information to flow within and beyond 
the immediate academic community. This promotes broader reach and engagement, 
which are essential for creating leaky knowledge flows that underpin TSL. 

A significant feature of the infrastructure is its built-in evaluation and logging capa-
bilities. These enable administrators to monitor user interactions, such as content con-
sumption and engagement patterns. This meta-level functionality supports relevance 
optimization, allowing iterative improvements based on user feedback and system per-
formance. For instance, usage logs can highlight regional engagement trends or identify 
underutilized content areas, informing refinements to both the content and the system 
design. This aligns with the principle of TSL by continuously adapting to the evolving 
needs of the network of practice. 

The system’s modular architecture, underpinned by microservices, ensures scalabil-
ity and adaptability. Each component, from the News Tracker to the Synthesized RSS 
Feed, operates independently, allowing the infrastructure to evolve incrementally with-
out disrupting existing functionality. This modularity exemplifies the growth tactic of 
service extension, enabling seamless integration of new features or data sources as the 
needs of the community change. 

From a theoretical perspective, the design explicitly supports TSL by enabling knowl-
edge sharing across diverse communities of practice. The system connects fragmented 
sources of information and presents them in a unified, accessible format, fostering periph-
eral awareness and cross-boundary collaboration. Through logging mechanisms follow-
ing [16]—elaborated in the next section—the design is also intended to facilitate evalua-
tion of these interactions, enabling the network continually learn and refine its practices 
and the underlying digital infrastructure. 

In summary, the architecture reflects a strategic integration of growth tactics for dig-
ital infrastructures and the principles of TSL. By combining modular design, seamless 
integration, and user-centric features, the system enhances collaboration, fosters engage-
ment, and supports the continuous evolution of the network of practice. This approach
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ensures that the infrastructure not only meets the current needs of its users but also 
remains adaptable to future challenges and opportunities. 

5 Evaluation 

From January 1, 2018, the news were available on a Facebook page, integrated into the 
SISA web site [15], or by subscribing to the RSS feed using a standard RSS reader. 
18/20 Swedish IS departments are included in the aggregated news. We are able to 
conduct a naturalistic evaluation [22] drawing from the actual use of the system in a 
practical setting. Following Nunamaker and Briggs [13] we structure our evaluation into 
proof-of-concept, proof-of-use, and proof-of-value. 

5.1 Proof-of-Concept 

Technically, the artifact was uncomplicated. The transition from concept to functional 
software was achieved within the span of a week (November 1 to November 8, 2017). 
The development phase included iterative testing, which was instrumental in identify-
ing and rectifying software bugs. Moreover, the integration of RSS feeds necessitated 
adjustments to accommodate variances from the standard RSS specifications due to 
inconsistencies in the RSS flows. 

In practice, the incorporation of new RSS feeds into the federated news system was a 
straightforward process of adding a new entry, comprising the feed’s URL and optional 
filtering keywords, to the database’s feed table. However, we acknowledge the potential 
need to refine the tracker subsystem to address issues stemming from non-standard RSS 
feeds that may arise with future expansions. Initially, with 14 RSS feeds, the system 
cataloged 258 IS news items, though it is noteworthy that many RSS feeds present 
only a recent selection of items, hence older news may not be captured. Of these, 152 
items were from the year 2017 (January 1–November 9). The news frequency, thus, 
averaged approximately one new item every two days, with projections indicating a 
daily news item if all 20 member entities commence content contributions. Consistent 
with literature on user engagement, regular updates are crucial in sustaining user interest 
in web applications (Naaman, Becker, & Gravano, 2011). 

The SISA news feed was seamlessly integrated into the organization’s website using 
a WordPress plugin on November 8, 2017. Progression entailed a strategic action plan, 
including the dissemination of information to SISA members about the news feed and its 
accessibility, the creation of an informative guide on content provision via RSS or Twitter 
dated November 30, 2017, and the proposal to discuss enhancements at an upcoming 
workshop. 

The utility of a federated news feed is inherently dependent on the quality of its 
sources. We identified and communicated specific issues such as faulty links and non-
compliance with RSS standard attributes to the respective feed managers. While some 
improvements have been implemented, challenges persist with direct article links within 
the feed. Despite these issues, as detailed in Table 1, the software has required minimal 
maintenance (Table 1) since January 1, 2018. The conceptual architecture has proven 
effective, aggregating a total of 1169 news items by January 27, 2020, and distributing
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them via web, social media, and RSS readers. Since then, the news publication and 
aggregation has proceeded in a similar pace. 

Table 1. Issues that required maintenance attention from 2018–2022. 

Issue Description 

Twitter integration A change of policy at Twitter rendered the third-party service in use 
non-functional. It was replaced by another third-party service, but there is 
a risk that the new one also breaks down. 

IP location lookup The third-party IP location service has had some downtime. Tweaks were 
made to the SISA News tracker to minimize the dependency on the 
location service. 

Bad source data Double posts in a department’s news feed renders double posts in the 
SISA feed. 

Bad source data II A department’s news feed was hacked, leading to news of questionable 
content posted in their Twitter feed. Since the SISA news aggregation 
algorithm does not discriminate content, the questionable feeds were also 
integrated into the SISA news feed. 

Relevance Due to the pandemic, the work “digital” occurs frequently in all types of 
university news, which has increased the number of irrelevant posts from 
general feeds included through keyword filtering. 

5.2 Proof-of-Use 

Our second evaluative endeavor consisted of a cross-regional analysis of news engage-
ment, utilizing log data as a substrate. Each interaction with a news item was meticulously 
recorded, capturing a timestamp, the unique identifier of the news article, as well as the 
geolocation data of the reader, encompassing both country and region. 

The dataset underpinning our analysis spanned from January 1, 2018, to January 27, 
2020. On average, users posted one news article daily, with nearly 8000 news articles 
receiving clicks. Within this context, we define a ‘click’ as a user’s action to open a news 
item summary to view the full article, which we interpret as indicative of a news read. 
Nonetheless, it is plausible to surmise that additional users may have perused summaries 
without registering a click, such as within a Facebook feed. Notably, the Facebook page 
associated with the news service boasts 100 followers, an audience that equates to roughly 
one-third of all IS department staff across the 20 Swedish IS departments. 

To glean deeper insights into the structural dynamics of network interactions, we 
leveraged network analysis methodologies facilitated by R. Our analysis incorporated 
community detection techniques to discern potential clustering patterns among the 
regions—that is, to identify whether certain groups of regions exhibited a heightened 
frequency of news reads in contrast to the overall national interaction (see Fig. 2). 
We selected a multi-level community detection analysis strategy, adhering to Yang
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et al.’s [24] guidelines, which underscore the suitability of various clustering algorithms 
contingent upon the analytical context. 

Figure 3 delineates the regional network interactions, and the clusters identified 
therein. Each connection visualized represents a regional interaction within Sweden. 

Fig. 3. Regional network interactions and identified clusters. Each edge represents a region in 
Sweden. 

Employing a multi-level algorithm, the analysis proceeded iteratively, determining 
the optimal node clustering to maximize the modularity score—a metric that intensifies 
when interactions within clusters (akin to cohesion in software engineering vernacular) 
proliferate, and diminish when inter-cluster interactions (or coupling) are scant. 

Owing to the algorithm’s requirement for an undirected graph, we transformed the 
directed network graph into its undirected counterpart by aggregating the news reads 
from one region to another and vice versa. Consequently, each vertex embodies the 
aggregate news reads shared between two regions. This multi-level clustering unveiled 
three distinct clusters, accompanied by a modularity score of 0.1. A modularity score of 
1 would imply exclusive intra-cluster interactions. Here, the modularity score verging on 
zero suggests that the clusters are not strongly demarcated, revealing an extensive degree 
of interaction among all regions—a finding that resonates well with SISA’s objective to 
bolster transparency and foster cross-departmental interactions. 

5.3 Proof-of-Value 

In early 2019, approximately one year after the launch of the SISA news service, an 
online survey was initiated to gauge user perceptions of the news flow. Advertised within 
the very news flow it aimed to scrutinize, the survey unfortunately garnered a modest 
response rate, with 31 participants and 5 of those opting out of research utilization 
of their feedback. The survey, rich with open-ended queries, yielded qualitative data 
reflective of the perceived value of the SISA news service. We thematically parsed 58
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statements, categorizing them into five distinct themes that encapsulate both the values 
and concerns associated with the news service. These categories were further classified 
as “Type I (actual)” or “Type II (potential),” with Type I indicative of actualized learning 
within local practices, whereas Type II pointed to technological utilization and the latent 
capacity for augmenting TSL. 

In the realm of Intelligence (Type I), respondents characterized the news flow as a 
conduit for business intelligence within the Swedish IS sphere. Engagement with the 
news varied, with some participants admitting to a cursory glance at headlines, while 
others immersed themselves in the content, acknowledging the benefits of staying abreast 
of developments at other universities. This gamut of engagement levels underscores a 
Type I category: Unspecified learning; where an enhanced awareness is deemed crucial 
and is to be integrated with theoretical constructs. 

Under the theme of Internal News Production (Type I), the relevance of news emerged 
as a reflective point for departments, sparking introspection about the very act of news 
creation within their realms: “One challenge is to get the internal ‘happenings’ in the 
groups to become news in the first place!” Time constraints and the need for staff 
engagement in external communication were also recurrent themes, alongside a call 
for greater acknowledgment of student accomplishments. This introspection is a direct 
result of interaction with the information infrastructure, leading to contemplation about 
the attributes of internal news production. 

When considering Contributions to the Discipline (Type I), the feedback suggested 
that the news feed bolstered the discipline’s visibility, reinforcing the collective knowl-
edge at the national scale and fostering a deeper connection within the Swedish IS 
community. Even though some remarks were broad, like “It works” and “Great value 
for the development of the information systems discipline,” they collectively signal the 
integral role of the field for the flourishing of local practices, congruent with the very 
existence of SISA. 

The theme of Critical Mass (Type II) surfaced from expressions of necessity to 
engage the entirety of the IS research community. The prevalence of unawareness about 
the news service among IS scholars was highlighted, prompting suggestions for more 
robust internal marketing efforts. Concerns regarding the attainability of a critical mass 
were raised, attributed to the perceived abstraction and complexity of the discipline, 
suggesting that reaching beyond the already committed individuals might necessitate 
enhanced personal interactions across various media. This represents an opportunity 
for improvement, where increased utilization of the information infrastructure could 
amplify its value. 

Lastly, Relevance (Type II) was a theme rife with discussions on the news filtering 
process and divergent views on what constitutes relevant content, reflecting the eclectic 
interests within the IS research community. Calls for a broader scope and a more inclusive 
disciplinary identity were evident, suggesting a pressing need for improvement in how 
the information infrastructure aligns with the varied scholarly preferences.
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6 Concluding Discussion 

This study contributes to the IS and DSR literature through a research process that spans 
problem identification, artifact design, evaluation, and knowledge contribution. Here 
we reflect on the contributions from this study, drawing on the idea of various type 
of contribution from IS research: Empirical contributions [2], artefactual/technological 
contributions [2, 3], and theoretical contributions [2, 3]. 

The empirical contribution consists of an account of how digital infrastructures can 
enable TSL within networks of practice. Using the SISA News platform as an instan-
tiation, we have shown a detailed example of how digital infrastructures play a crucial 
role in fostering leaky knowledge flows. These flows facilitate peripheral awareness 
and engagement across distributed academic communities, enhancing transparency and 
interaction by consolidating information from various institutions into a unified plat-
form. These insights offer empirical support for the critical role of digital infrastructures 
in bridging organizational boundaries and enabling TSL. 

The design of the SISA News platform itself represents a significant artifactual 
contribution. The platform introduces a novel conceptual software design that integrates 
seamlessly with existing digital infrastructures, such as RSS feeds and social media 
aggregation tools. This modular and scalable approach minimizes costs for stakeholders 
while enabling targeted growth and adaptability. The artifact exemplifies how digital 
tools can be designed to extend existing infrastructures, thereby enhancing their relevance 
and utility. 

From a theoretical standpoint, this study extends Henfridsson et al.’s framework on 
growth tactics for digital infrastructures by proposing a new tactic: Community Engage-
ment and Relevance Optimization. This growth tactic emphasizes active participation, 
encouraging users to contribute content and feedback to foster ownership and engage-
ment. It also highlights the importance of tailored content delivery, leveraging algorithms 
and user preferences to ensure the platform remains relevant to diverse stakeholders. This 
addition enriches the theoretical understanding of how digital infrastructures can evolve 
dynamically in response to user needs. 

The study also advances the theoretical discourse on the functions of digital infras-
tructures for TSL. It demonstrates how such infrastructures can operate as meta-level 
platforms, not only facilitating content aggregation but also monitoring and evaluating 
user interactions. This functionality provides valuable insights into both technologi-
cal matters and underlying social processes, enabling iterative improvements by iden-
tifying engagement gaps and optimizing design features. By emphasizing this meta-
level capability, the research contributes to a deeper understanding of how informa-
tion infrastructures can support continuous refinement in collaborative processes within 
NoPs. 

Overall, the study bridges a gap between theory and practice by positioning digital 
infrastructures as dynamic systems that not only enable knowledge sharing but also serve 
as tools for studying and tuning TSL processes. 

Future research will include a new design cycle, building on how to expand the artifact 
by adding generative AI into the infrastructure mix. We believe that such a development 
has great potential to add value to the artifact, and it would allow for further evaluation 
and theorizing about growth tactics for digital infrastructures.
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Regarding future research, integrating generative AI services into the SISA news 
service offers significant potential to enhance both Type I (actual) and Type II (potential) 
learning capabilities. AI could dynamically create tailored content and personalized 
news feeds, addressing user concerns about relevance and engagement. For instance, 
AI-generated summaries and adaptive filtering could save time, increase awareness, and 
ensure the content aligns with diverse scholarly preferences. Additionally, automating 
the identification of internal newsworthy events would reduce staff effort and encourage 
broader participation. Future research should explore these possibilities while addressing 
ethical concerns around data privacy and algorithmic bias to ensure transparent and 
equitable use of AI in enhancing TSL infrastructures. 
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Abstract. The pervasive integration of digital devices has fundamentally 
reshaped daily life, delivering numerous benefits while simultaneously posing 
challenges, including increased digital dependency and diminished well-being. 
Motivated by the principles of cyberpsychology, this study reframes the traditional 
view of digital detox by exploring “unplugging” as an emerging phenomenon 
aimed at mitigating the harmful effects of constant digital engagement. Despite its 
growing relevance, limited research exists on how unplugging can be intentionally 
practiced and what conditions foster its success. Using a two-phase methodol-
ogy, we first apply Grounded Theory coding techniques to explore the problem 
space, analyzing 15 in-depth interviews to uncover underlying triggers, contextual 
factors, and behavioral patterns that motivate or act as barriers to digital disen-
gagement. These findings inform a redefinition of unplugging as a purposeful, 
sustainable practice embedded in daily life and oriented toward long-term well-
being. In the second phase, we employ Design Science Research (DSR) to develop 
and iteratively refine a conceptual framework intended to support strategies that 
reduce digital dependency and promote well-being among adults. This frame-
work lays the groundwork for future research and the development of intervention 
artifacts that promote sustainable digital well-being. 

Keywords: Digital Addiction · Unplugging · Sustainable Digital Well-being · 
Cyberpsychology · Design Science Research · Grounded Theory Coding 

1 Introduction 

The rapid evolution of digital technology has profoundly transformed modern life, 
embedding digital devices into nearly every aspect of human interactions. In the United 
States, the average internet-connected household now owns 17 devices [11], reflecting a 
growing trend of digital integration. Globally, this trend persists, with the average number 
of devices and connections per person increasing from 2.4 in 2018 to 3.6 in 2023, high-
lighting the pervasive nature of digital overconsumption [15]. Parallel to this increase 
in device proliferation is the dramatic rise in global internet users, which has surged 
from approximately 1 billion in 2005 to an estimated 5.5 billion in 2024 [40]. Notably, 
the largest growth occurred between 2019 and 2020, with an increase of 466 million
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users, driven largely by the COVID-19 pandemic and the subsequent reliance on digital 
platforms for communication, work, and education. This technological intimacy creates 
a growing challenge: maintaining a balance between digital engagement and personal 
well-being. 

Research suggests that digital dependency is influenced by various factors, primarily 
arising from both short and long-term reliance on technology [31]. However, the extent 
and nature of this dependency vary across demographics and contexts. For instance, 
adults tend to exhibit lower levels of technology dependency compared to digital natives, 
who have grown up immersed in a technology-rich environment [29]. Gender-specific 
trends are also evident in which males are more likely to develop addictive behaviors 
related to video games, while females are more prone to excessive social media use [4]. 
Cross-national comparisons further reveal that countries with differing levels of digital 
infrastructure, as well as regional and socio-economic factors, shape the ways individuals 
manage the abundance of information in their daily lives [24, 30]. 

Excessive digital dependency on social media and apps can lead to mental health 
issues, decreased productivity, and social disconnection. Constant notifications and 
algorithm-driven content create dopamine-driven feedback loops, making users crave 
continuous engagement, often leading to addiction and anxiety. Beyond personal well-
being, digital overuse also raises ethical and safety concerns. For instance, a recent 
lawsuit in Texas against Character.ai revealed that a 17-year-old engaged with a chatbot 
that appeared to normalize extreme behavior, including offering alarming suggestions 
that rationalized familial violence as a response to screen time restrictions [12]. Such 
cases highlight the potential dangers of unregulated, excessive digital engagement. 

The emergence of cyberpsychology as a discipline underscores the growing urgency 
to address the behavioral and social implications of digital dependency [39]. As digi-
tal technologies continue to permeate every aspect of life, the need for strategies that 
prioritize well-being and intentional technology use becomes increasingly evident [3]. 

2 Problem Space: Research Goals and Questions 

While digital technology offers significant benefits, the unregulated surge in digital 
engagement poses substantial risks to well-being, productivity, and social connection. 
Excessive and habitual interaction with technology has been associated with a wide 
array of psychological, physiological, and social harms, including reduced productivity, 
heightened stress, and disruptions to social and emotional health [38]. Internet Addiction 
Disorder (IAD), for instance, has been shown to contribute to neurological complica-
tions, psychological disturbances, and social challenges, emphasizing the urgency of 
addressing digital dependency [8]. 

Recent research highlights the detrimental effects of prolonged engagement with 
digital devices. Nakshine et al. [28] demonstrate correlations between high screen time 
and adverse outcomes such as poor sleep quality, heightened anxiety, depression, self-
esteem issues, and physical health concerns. Among various forms of IAD, Social Media 
Addiction (SMA) has become a significant concern, particularly among adolescents, 
contributing to psychological distress and increased mental health risks such as anxiety 
and depression [14, 20, 37, 45]. Although not yet classified as a formal clinical disorder, 
studies reveal an increasing trend of digital addiction over the past two decades [24].
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The situation is approaching a critical point with the emergence of new social media 
platforms and the widespread use of persuasive design techniques that intentionally 
manipulate user behavior [5]. Despite growing societal awareness and the emergence of 
initiatives like the Global Day of Unplugging and various digital detox interventions, 
there remains a lack of effective, evidence-based strategies for fostering sustainable 
digital habits, particularly among adults. Many of these approaches frame disconnection 
as a temporary, reactive response to digital overload, rather than as part of a proactive, 
long-term strategy to improve well-being [2]. As noted by Radtke et al. [35], digital detox 
is typically defined as a short-term timeout from device usage, yet its effectiveness in 
promoting healthier digital lifestyles remains inconclusive. Several studies suggest that 
digital detox interventions can improve mental health and attention [1, 9]. However, 
other research presents more mixed outcomes, for example, Wadsley and [43] found 
that reduced social media use led to decreased negative effects but also lowered positive 
impact, suggesting complex emotional responses. These inconsistencies indicate that 
temporary breaks from technology alone may not address deeper behavioral patterns 
and contextual demands adults face in managing digital life. 

In addition, much of the existing literature on digital disconnection focuses on 
younger generations, particularly social media detox among adolescents and young 
adults. For example, the work in [13] demonstrated that limiting social media usage 
to 30 minutes per day can improve addiction levels and well-being, but their findings 
are primarily youth-centered and do not address broader life and work-related digital 
dependencies. Similarly, the research in [25] explored motivations for digital detox in 
young adults, emphasizing self-control and relational maintenance, yet their work does 
not extend to adults navigating digital overuse in professional and personal settings. 

To address this gap, this study introduces the Conscious Digital Unplugging Frame-
work, a five-phase model grounded in insights from in-depth interviews with adult par-
ticipants and designed to promote the development of healthy digital habits over time. 
Rather than relying on short-term digital detoxes or abrupt disconnection from devices, 
the proposed conceptual framework guides individuals to gradually build awareness, 
clarify personal motivations, recognize barriers, and adopt actionable strategies that 
support sustainable digital well-being. This study is structured around the following 
research questions, each aligned with our specific objectives: 

RQ1: What are the perceived benefits, challenges, and impacts of unplugging for adults, 
and in which contexts is digital disengagement considered appropriate or impactful? 
RQ2: How can we design an artifact to support digital unplugging by overcoming bar-
riers to screen time reduction and promoting healthier habits to enhance well-being and 
productivity? 

3 Research Approach 

This study employs a multi-phase research approach, integrating Grounded Theory cod-
ing techniques to explore the problem space with Design Science Research (DSR) for 
the design and evaluation of the artifact. This combination ensures a robust foundation 
for understanding the complexities of digital disengagement and guiding the creation of 
a practical, user-centered solution. As highlighted by [26], there is a growing emphasis
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on the need for a comprehensive exploration of the problem space to ensure research 
relevance and meaningful impact within the DSR community. 

This exploration is crucial, as effective and impactful DSR requires not only appro-
priate research conduct but also a well-defined research problem [34]. By combining 
GT coding techniques for problem discovery and DSR for solution design, this study 
addresses the dual imperatives of advancing theoretical understanding and delivering 
actionable outcomes. 

3.1 Grounded Theory Coding: Problem Space Exploration 

The initial phase of this study focuses on problem exploration using Grounded The-
ory coding techniques to understand the dynamics of digital unplugging, an emerging 
and context-dependent phenomenon. Rather than pursuing full theory development as 
prescribed by Grounded Theory Methodology (GTM), we adopt its structured cod-
ing techniques as a qualitative lens to systematically surface patterns, categories, and 
relationships grounded in participants’ lived experiences related to digital disengage-
ment [16]. This approach aligns with the interpretivist paradigm, which emphasizes 
understanding phenomena through the meanings individuals assign to their actions and 
contexts [6, 21, 32]. 

Our study employs the three stages of GTM coding [27] to explore participants’ 
motivations, challenges, and strategies for digital unplugging. The process involves: (1) 
Open Coding to categorize concepts, (2) Axial Coding to refine and connect categories, 
and (3) Theoretical Coding to establish connections between constructs and participants’ 
insights [44]. 

3.1.1 Data Collection and Tool Setup 

This study draws on 15 one-on-one interviews with adults from diverse backgrounds, 
conducted both in person and virtually, each lasting up to 35 minutes. Participants ranged 
in age from 20 to 52 and were purposefully selected to capture a broad range of perspec-
tives on digital habits and unplugging behaviors. Informed consent was obtained, ensur-
ing that all participants were fully informed about the study’s purpose, data confidential-
ity, and future use of their responses before participation. We employed a semi-structured 
interview format, consisting of ten pre-formulated questions designed to explore partici-
pants’ digital usage, motivation for unplugging, perceived barriers, and experiences with 
intentional disconnection. Interviews were transcribed using Otter.AI and later analyzed 
in Atlas.ti. 

The data analysis process began with an open coding phase in Atlas.ti, during which 
over 52 initial codes were generated, capturing a broad spectrum of ideas and perspectives 
shared by participants. These codes were iteratively refined, consolidated, and merged 
into a final set of 38 codes. This process enabled the identification of primary themes 
and patterns, laying a strong foundation for subsequent axial and theoretical coding. 
The iterative coding process, illustrated in Table 1, demonstrates how raw qualitative 
data were systematically transformed into meaningful insights, serving as a founda-
tional exploratory phase within our DSR methodology to guide artifact development 
and theoretical refinement.
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Table 1. A Thematic Analysis Using Atlas.ti with Key Insights and Frequencies 

Theme/Code Group Key Codes (Subthemes) Frequency Key Insights 

Beliefs and perceptions Belief in excessive digital 
device usage 

44 Participants recognized 
their excessive usage and 
emphasized the value of 
unplugging for improving 
work-life balance, 
interpersonal 
relationships, and 
well-being. 

Recognition and value of 
unplugging 

34 

Value of unplugging 
related to work-life 
balance 

59 

Challenges in unplugging Challenges of unplugging 
from digital devices 

45 Barriers included work 
dependency, ingrained 
habits, and hesitation to 
adopt unplugging 
strategies, driven by 
professional and social 
obligations. 

Digital device usage 
based on nature of work 

41 

Resistance to reducing 
device usage 

28 

Effective strategies Effective strategies taken 
or planned for 
unplugging 

58 Participants emphasized 
setting boundaries, 
scheduling unplugging 
times, reducing social 
media use, and engaging 
in outdoor or social 
activities to unplug. 

Preferred times for 
unplugging 

30 

Unplugging from social 
media 

30 

Engagement in outdoor 
activities 

31 

Impact of digital use Impact of unplugging on 
well-being and 
productivity 

73 Unplugging was linked to 
reduced stress, improved 
productivity, and better 
mental health. Younger 
generations were 
highlighted as particularly 
vulnerable. 

Negative impact of social 
media and digital devices 

41 

Vulnerability of younger 
generations 

26 

Awareness and education Lack of awareness about 
unplugging day 

22 Participants noted limited 
awareness of digital detox 
initiatives, underscoring 
the need for campaigns 
and education to 
encourage unplugging 
practices. 

Perceived need for 
education on unplugging 

23 

Importance of education 
regarding unplugging 

19
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3.2 Insights from Problem Space Exploration 

Phase 1 of this research provided critical insights into the phenomenon of intentional 
digital unplugging, uncovering its underlying challenges and opportunities. These the-
matic findings defined the problem space and informed the design and development of 
the proposed artifact. Below are the key insights that emerged from this phase: 

Awareness of Excessive Usage: Participants expressed a growing awareness of their 
excessive reliance on digital devices. Many acknowledged that their usage often sur-
passed healthy limits, contributing to feelings of dependency and diminished personal 
well-being. 
Motivation to Reduce Screen Time: There was a notable motivation among participants 
to reduce screen time, particularly concerning non-essential digital activities such as 
prolonged use of social media platforms. This motivation was often driven by a desire 
to regain control over time management, improve mental health, and establish a sense 
of balance. 
Key Barriers to Unplugging: Participants faced several barriers that made it challenging 
to unplug from digital devices, driven by a mix of personal habits, external demands, 
and environmental factors. 

– Work Dependency: The integration of technology into professional life made 
disconnecting difficult, as digital devices were essential for work-related tasks. 

– Lack of Unplugging Strategies: Many participants (nearly 90%) lacked practical 
methods or strategies to effectively reduce screen time, leading to unintentional 
and habitual device usage. 

– Habitual Reliance: Across almost all participants, it was observed that ingrained 
behaviors, such as reflexively checking notifications or endlessly scrolling through 
social media, reinforced digital dependency, making it an unavoidable digital habit. 

Positive Outcomes of Unplugging: Despite the barriers, participants who successfully 
unplugged reported significant benefits, particularly in their mental and professional 
lives. Improved well-being emerged as a key outcome, with many experiencing enhanced 
mental health and reduced stress. Additionally, participants highlighted increased pro-
ductivity, as limiting distractions allowed them to focus better and complete tasks more 
effectively. These positive changes underscore the potential of unplugging to promote 
healthier habits and support overall life satisfaction. 

These findings provided a strong foundation for the design of the Conscious Dig-
ital Unplugging Framework, which serves as the central artifact in this study. Given 
the complexity of digital disengagement, our conceptual framework offers a flexible 
yet structured approach to guide intentional behavior change. To move from insight 
to impact, we adopted the DSR methodology, which enables the design and iterative 
refinement of IT-related artifacts grounded in real-world contexts. 

3.3 Using DSR Methodology to Develop Conscious Unplugging Framework 

Recognizing the importance of thoroughly exploring the problem space, this study tran-
sitions to the Design Science Research methodology to guide the development of the
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Conscious Digital Unplugging Framework. DSR is particularly effective for address-
ing complex, real-world problems by enabling the iterative design and refinement of 
IT-enabled artifacts [18, 19]. Compared to traditional approaches, DSR’s emphasis on 
practical relevance, theoretical grounding, and continuous improvement ensures that the 
resulting framework is both scientifically rigorous and deeply informed by user expe-
rience. As illustrated in Fig. 1, DSR operates through three interrelated cycles, Rele-
vance, Rigor, and Design, each playing a critical role in ensuring the artifact’s contextual 
applicability, scientific grounding, and continuous improvement. 

Fig. 1. Adapted DSR Iterative Cycle 

Relevance Cycle. This cycle connects the design of the framework to the real-world 
problem of digital overuse. Insights from the previous phase were used to define the 
framework’s requirements and user-centered design criteria. This ensured that the frame-
work responds to the diverse contexts in which digital overuse occurs, including varying 
professional, personal, and social demands. 

Rigor Cycle. The rigor cycle ensures scientific validity by grounding the framework in 
established theories and empirical findings. Behavioral change models, habit-formation 
literature, and user experience principles informed the structure of the framework, sup-
porting both effectiveness and theoretical soundness. Domain-specific literature in digital 
wellness and unplugging strategies further guided the design. 

Design Cycle. This cycle focuses on the iterative creation, evaluation, and refinement 
of the Conscious Digital Unplugging Framework as a purposeful artifact. Feedback 
was incorporated through multiple evaluation mechanisms including literature map-
ping, expert interviews, and user surveys to ensure that the framework remains relevant, 
adaptable, and aligned with the contextual needs and lived experiences of adult users. 

By aligning with the three DSR cycles, this study bridges the gap between problem 
exploration and solution development, resulting in a robust, user-centered conceptual 
framework. As noted by [33], a framework within a scientific domain serves to organize
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and structure knowledge, defining the scope, key conceptual elements, and relation-
ships within that space. The Conscious Digital Unplugging Framework functions as 
both a diagnostic and guiding tool, helping individuals reflect on their digital habits and 
develop healthier relationships with technology. At the same time, it provides a con-
ceptual foundation for future research and interventions aimed at promoting sustainable 
digital well-being. The next section elaborates on the framework’s design and refinement 
process. 

3.4 Conscious Digital Unplugging Framework Design Cycle 

The Conscious Digital Unplugging Framework builds upon the foundational princi-
ples outlined earlier, offering a structured, five-phase model to analyze and address 
the challenges of digital overuse. Designed to promote sustainable digital well-being, 
the proposed framework supports adults in cultivating healthier digital habits and fos-
tering a more intentional, mindful relationship with technology. Grounded in quali-
tative insights, this experience-driven artifact fills a critical gap in literature by mov-
ing beyond conceptual models to provide practical guidance for facilitating sustainable 
digital disengagement. 

Our proposed framework serves not only individual end-users but also offers value 
to system designers, digital well-being researchers, health IT practitioners, and organi-
zational leaders seeking to implement or evaluate interventions aimed at mindful tech-
nology use. By supporting both individual behavioral change and broader intervention 
design, this framework contributes to the advancement of user-centered digital well-
being strategies in both research and applied contexts. Figure 2 provides an overview of 
the framework’s five key phases and their corresponding objectives, which collectively 
promote intentional and sustainable digital disengagement. 

Self-awareness. This foundational phase centers on developing a deeper understanding 
of one’s digital habits. It encourages individuals to evaluate their current technology use, 
recognize how it impacts their well-being, productivity, and relationships, and identify 
specific emotional or situational triggers that contribute to overuse. Through this reflec-
tive process, users establish a critical baseline for intentional unplugging. By acknowl-
edging the varying effects of digital disconnection across personal, professional, and 
demographic contexts (e.g., age, gender, occupation), this phase empowers individuals 
to begin their journey toward healthier digital engagement. 

Motivation Exploration. This phase focuses on helping individuals clarify their per-
sonal motivations for unplugging by reflecting on how high digital engagement affects 
their mental and physical well-being, focus, and overall life balance. Recognizing what 
matters most, whether it is reducing mental fatigue from constant digital input or restor-
ing emotional connection, enables individuals to align their unplugging goals with their 
broader values and needs. 

Identifying Barriers. This phase focuses on helping individuals pinpoint the specific 
challenges that prevent them from unplugging, such as habitual dependence, fear of 
missing out (FOMO), work obligations, or lack of guidance. By raising awareness of 
these disruptions and their impact on physical health, mental well-being, productivity,
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Fig. 2. Proposed Conscious Digital Unplugging Framework 

and relationships, individuals can gain a clear understanding of their barriers. This clarity 
builds a foundation for developing tailored strategies in the next phase to address these 
challenges effectively and promote healthier digital habits. 

Effective Strategies for Unplugging and Goal Setting. This phase centers around 
practical methods to reduce screen time while setting realistic, personalized goals to 
foster healthier digital habits. Key strategies include creating device-free zones in the 
home (e.g., bedrooms and dining areas), scheduling regular unplugging periods, and 
identifying meaningful alternative activities to replace excessive technology use. Exam-
ples of such activities range from hobbies like painting, gardening, or cooking [7], to 
physical exercises such as jogging, yoga, or group sports [23], and mindfulness practices 
like meditation or deep breathing. Also, spending time outdoors, engaging in commu-
nity service, or enjoying face-to-face interactions with friends and family are effective 
ways to create a sense of balance and connection. This phase emphasizes the importance 
of a clear action plan such as tracking screen time through apps or journals, regularly 
measuring progress, and celebrating milestones to sustain motivation. By combining 
intentional strategies with structured goal setting, individuals are empowered to build a 
more fulfilling and mindful relationship with technology. 

Sustainable Habit Formation. This final phase focuses on reinforcing positive digital 
behaviors and supporting long-term well-being through consistent unplugging practices. 
It encourages individuals to reflect on the benefits of unplugging and integrate those prac-
tices into their daily routines. This phase is grounded in behavioral research on habit
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formation. As noted by [10], success stems from consistent, daily habits, not one-time 
efforts. To sustain progress, individuals are encouraged to set ongoing goals, pursue 
them consistently, and share their experiences to inspire others and build accountabil-
ity within their communities. Similarly, [22] emphasizes that habit formation relies on 
repeated behavior in response to contextual cues, often requiring sustained effort over 
time to achieve automaticity. A key concept in this phase is the Recalibration Inner 
Loop, which allows users to periodically reassess and adjust their strategies in response 
to evolving life circumstances, goals, and digital demands [41]. This built-in adaptabil-
ity ensures the framework remains relevant and responsive, fostering a balanced and 
mindful relationship with technology over time. 

4 Evaluation 

This section outlines the evaluation methods used to iteratively refine the Conscious 
Digital Unplugging Framework into a user-centered and impactful solution. In DSR, 
evaluation is a critical component that provides proof-of-use, demonstrating how well the 
artifact performs in addressing the stated research question(s). Our evaluation employs 
a structured mixed methods approach to assess the utility, efficacy, and quality of the 
proposed framework, ensuring it is both theoretically grounded and practically effective. 
To achieve this, we triangulated data from three key sources: 

1. Literature Mapping: To position the framework within current academic discourse 
and identify gaps it addresses. 

2. Expert Validation Interviews: To gather insights from domain experts regarding the 
framework’s design, theoretical grounding, and practical relevance. 

3. Participant Surveys: To assess usability and effectiveness based on real-world 
experiences and perceptions of adult users. 

These methods are operationalized and tested using the Framework Evaluation in Design 
Science (FEDS) methodology, which provides a structured strategy for assessing the util-
ity and effectiveness of artifacts in real-world settings [42]. Our research adopts a for-
mative, naturalistic approach aimed at improving outcomes and guiding effective action, 
aligning with the Human Risk and Effective Strategy category. It focuses on rigorously 
evaluating the artifact’s effectiveness, ensuring its utility and benefits are sustained even 
when implemented in real-world environments, despite the complexities of human and 
social adoption challenges. The key contributions of our evaluation include:

• Filling a critical gap: Unlike existing approaches, the framework captures unique 
insights from user experiences, addressing disruptions caused by excessive digital 
engagement. It offers actionable strategies that are grounded in real-world challenges 
and practical needs.

• Real-world impact: By adopting a formative and naturalistic evaluation approach, the 
framework emphasizes usability and relevance, ensuring its sustained effectiveness 
in promoting conscious digital unplugging. 

The following outlines our triangulation evaluation approach, designed to ensure a com-
prehensive and systematic refinement of the Conscious Digital Unplugging Framework. 
This approach comprises three stages:
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Literature Mapping: The literature mapping involved a structured review of over 25 
closely related studies from 2018 to 2024, using key terms such as “digital detox”, 
“screen time reduction”, “technology addiction”, “digital well-being”, and “mindful 
technology use”. This comprehensive review aimed to identify research gaps, validate 
the framework’s foundation, and assess its constructs against thematic elements from 
existing studies on digital detox and excessive digital usage. Mapping against estab-
lished knowledge demonstrates the proposed framework’s novelty and contribution to 
the problem space. Further details on the literature mapping findings and their role in 
refining our framework are summarized in Table 2. 
Expert Validation: To ensure theoretical robustness and practical relevance of the 
framework, feedback was gathered through open-ended interviews with two domain 
experts. Their insights helped validate the proposed solution and provided constructive 
suggestions for improvement:

• Subject #1: [Organizational Information Security Management Professor] “The 
framework reflects best practices in fostering healthier digital habits. The frame-
work aligns well with research in digital wellness…It effectively covers key 
stages of behavior changes. Additionally, it could benefit from deeper integra-
tion of behavioral theories, such as incorporating habit tools theory (cue, routine, 
reward).”

• Subject #2: [Management Professor] “…it could improve by incorporating strate-
gies to make it more comprehensive and effective in overcoming the common bar-
riers to digital unplugging in a few areas: work dependency, community and peer 
support, social and environmental influence and pressure, habit entrenchment and 
balancing digital and offline engagement.” 

Survey-Based Evaluation: Feedback from 15 participants with varying technology use 
levels was gathered to assess the framework’s relevance and applicability. Using a val-
idated questionnaire, which achieved Cronbach’s alpha coefficient of 0.801, the survey 
confirmed internal consistency and reliability. Participant demographics included ages 
25–34 (27%), 35–44 (45%), 45–54 (9%), and 55 and over (18%), with primary tech-
nology use focusing on work-related activities (46%), education/learning (27%), and 
socializing/connecting (27%). Regarding the framework’s usefulness, 90% of partici-
pants rated it as either Excellent (45%) or Good (45%), while the framework’s relevance 
was rated as Extremely Well (55%), Very Well (36%), and Moderately Well (9%). 
The survey also captured perspectives on its alignment with participants’ experiences 
and challenges, offering a preliminary assessment of usability and effectiveness. These 
findings underscore the framework’s strong relevance and effectiveness in promoting 
conscious digital unplugging. 

4.1 Iterative Refinement and Evidence of Utility 

The evaluation process played a crucial role in identifying opportunities for improvement 
within our proposed Conscious Digital Unplugging Framework. Phases 3 (Identifying 
Barriers) and 4 (Effective Strategies for Unplugging and Goal Setting) were particularly
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Table 2. Iterative Refinement of the Conscious Digital Unplugging Framework

impacted by user feedback, prompting refinements that enhanced their user-centricity, 
clarity, and practical applicability. Figure 3 illustrates the mean and standard deviation of 
participant ratings, showing how targeted refinements were informed by empirical data 
and directly contributed to improving the framework’s effectiveness. As summarized 
in Table 2, insights drawn from literature mapping, expert interviews, and participant 
surveys were instrumental in guiding these iterative enhancements. These triangulated 
data sources validated the framework’s design while strengthening its functional rele-
vance and usability. By systematically integrating qualitative and quantitative feedback, 
the evaluation process supported the development of a more robust, adaptable, and user-
responsive artifact. This aligns with DSR’s emphasis on rigorous yet iterative artifact 
evaluation, positioning the framework as a viable and relevant solution to the digital 
disengagement challenges identified earlier in the study. 
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Fig. 3. Mean and Standard Deviation of Ratings 

5 Design and Theoretical Contributions 

The Conscious Digital Unplugging Framework offers a novel contribution to the grow-
ing domain of digital well-being by reimagining digital disengagement as a structured, 
sustainable practice rather than a short-term detox. It provides actionable, context-aware 
insights and strategies that help individuals improve focus, productivity, and interper-
sonal connection across multiple life domains (home, school, work, and social settings). 
Grounded in empirical user experiences and refined through iterative evaluation, the 
framework demonstrates how DSR can support mindful technology use in real-world 
settings [17]. 

From a theoretical standpoint, the integration of Grounded Theory coding techniques 
during the problem exploration phase contributes to conceptual constructions that can 
inform future design theory-building in digital well-being and behavioral design. As 
can be seen in Table 3, in terms of design knowledge contribution, the framework falls 
within the “Good Design Practice” quadrant of Design Knowledge Contribution Matrix 
[36]. This represents a novel applied knowledge contribution at the process level. By 
translating user-informed insights into a repeatable, evidence-based methodology, the 
framework offers valuable guidance for future digital intervention design, organizational 
well-being initiatives, and sustainable behavior change efforts. 

Table 3: A Typology of Design Knowledge Creation
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6 Conclusion and Future Work 

This study addresses the timely and critical issue of digital dependency by reframing 
unplugging as a proactive, intentional behavior rather than a passive response to overuse. 
Through a rigorous two-phase methodology, combining Grounded Theory coding tech-
niques and Design Science Research, we developed the Conscious Digital Unplugging 
Framework, an actionable model grounded in real user experiences. This framework 
offers practical strategies to mitigate excessive digital engagement, improve productiv-
ity, and foster meaningful human connections. The framework’s contribution lies in its 
user-centered design and its potential to guide the creation of intervention artifacts that 
promote sustainable digital well-being. By synthesizing firsthand insights into a struc-
tured model, the study bridges a key gap in the literature, delivering a framework that 
is both theoretically grounded and practically applicable. Furthermore, it advances the 
discourse on balancing digital engagement with intentional disengagement, supporting 
a healthier relationship with technology. 

Future research will aim to expand the sample size and demographic scope to include 
a wider range of age groups and contexts. Incorporating perspectives from behavioral 
health and social sciences will strengthen the framework’s interdisciplinary robustness. 
Additionally, building on the insights of this study, future efforts will focus on refining 
the framework and developing tools for assessing problematic digital usage. These tools 
will enable the implementation of informed interventions, fostering healthier digital 
habits and advancing the goal of sustainable digital well-being. 
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Abstract. The increasing prevalence of mental illnesses, including stress-related 
disorders, has made workplace strain a growing concern, particularly for knowl-
edge workers who face high cognitive demands, non-linear workflows and 
tight deadlines. The complex interplay between workplace conditions, self-
management strategies, and individual health remains largely under-studied, espe-
cially in real-world settings, and help-seeking behavior to mitigate health and well-
being challenges remains low. Although advances in digitalization facilitate the 
capture and analysis of workplace-specific contexts, they have not yet been fully 
leveraged in multimodal diagnosis and intervention systems for pattern recogni-
tion that may enable targeted interventions, leaving a gap for a comprehensive 
solution. To address this gap, we applied the Design Science Research approach 
to develop an architecture for a multimodal diagnosis and intervention platform. 
Using a mixed-methods study, we derived requirements from a comprehensive 
literature review, semi-structured interviews (n = 12), and a survey (n = 32) with 
knowledge workers. The derived design principles guided the development of a 
process-oriented architecture, which was evaluated and refined based on expert 
feedback (n = 6). Our work provides a basis for future research and practical 
implementations to advance workplace well-being technologies. 

Keywords: Knowledge work · Well-being · Stress · Architecture 

1 Introduction 

Recent statistics on psychological illnesses highlight a concerning trend, with conditions 
such as anxiety, depression, and stress-related disorders reaching unprecedented levels 
globally. Data from the WHO [1] revealed that 301 million people globally were living 
with anxiety disorders in 2019, alongside 280 million individuals affected by depression. 
Stress stands out as a universal correlating factor of psychological and physiological 
strain [2]. Despite the significant burden posed by these issues, help-seeking behav-
iors remain consistently low, further highlighting the gap in addressing these pervasive 
challenges [3].
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The workplace presents unique challenges that contribute to health concerns. Psy-
chosocial working conditions are significant protective and risk factors for mental well-
being [4], and employee motivation and performance [5]. In particular, knowledge work-
ers, who face high cognitive demands, time pressure, and multitasking, experience unique 
stressors that require targeted investigation and intervention [6]. With their work heavily 
reliant on digital devices, balancing productivity and self-care is essential to address these 
stressors and associated health risks [7]. While substantial knowledge exists regarding 
the impact of individual occupational stressors, the complex interplay between work-
place conditions, self-management, and individual health remains largely unexplored, 
especially in real-world settings [8]. Understanding the relationships in-between these 
dimensions is crucial for designing more individualized and thus more effective inter-
ventions. Advances in digitalization provide new opportunities to capture and analyze 
specific workplace-related contexts, enabling the identification of problematic contexts 
and more tailored interventions when integrated with objective stress and subjective 
strain data [7]. 

Previous studies, such as the work by Alberdi et al. [9], demonstrated the potential of 
multimodal approaches, combining physiological, psychological, and contextual data for 
accurate stress detection. However, these efforts primarily focused on identifying stress, 
without progressing toward personalized interventions or comprehensive stress manage-
ment solutions. To address this gap, our research aims to design a sociotechnical system 
integrating diagnostic precision with effective intervention capabilities. Drawing on the 
echelon-oriented Design Science Research (DSR) approach by Tuunanen et al. [10], 
we break down the larger problem into modular components, focusing on designing a 
comprehensive architecture as a vital step towards future instantiations. The system aims 
to (1) discreetly collect multimodal data in every-day settings, (2) merge and centrally 
store the data, and (3) apply advanced analytics to provide a holistic understanding of 
knowledge workers’ strain levels and well-being. While the long-term vision involves 
delivering personalized interventions to advance workplace health, the current focus lies 
on diagnostic and analytical capabilities to progress empirical research opportunities 
with stress management as a key example. 

This leads to two research questions (RQs) - RQ1: How can a multimodal plat-
form be designed to capture and integrate physiological, psychological, behavioral, and 
contextual data for well-being assessment among knowledge workers? and RQ2: What 
design principles ensure the efficacy of both user well-being and rigorous empirical 
workplace research? 

To address our RQs, we employed the DSR approach by Peffers et al. [11], deriving 
design principles through a mixed-methods approach by combining a literature review 
with qualitative insights from interviews (n = 12) and quantitative data from a survey (n 
= 32) of knowledge workers. These principles were implemented in a process-oriented 
architecture and evaluated by domain experts (n = 6). Both principles and architecture 
were finally refined based on their feedback. 

The remainder of the paper is organized as follows: Section 2 examines related 
work on knowledge work, stress and well-being. In Sect. 3, we articulate the DSR-
based methodological approach to reach our objective. In Sect. 4, we present our devel-
oped requirements, design principles and the system architecture. Section 5 includes the
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results’ discussion, directions for future research and the study’s limitations. The paper 
concludes with a summary of theoretical and practical contributions and outlook. 

2 Foundations 

2.1 Knowledge Work 

Since the early twenty-first century, technological advancements have accelerated the 
automation of manual labor, shifting societies toward a knowledge- and service-oriented 
economy. This transformation has elevated the importance of knowledge work, described 
by Kelloway and Barling [12] as discretionary behavior focused on creating, applying, 
and transmitting knowledge. Unlike traditional labor, knowledge work relies on advanced 
cognitive skills, high task complexity and effective management strategies. Knowledge 
workers use information as input of their work, utilize existing knowledge, and create 
new knowledge as output [13]. 

The cognitive demands of knowledge work are significant, often requiring sustained 
mental engagement, adaptability, and precision [14]. For instance, a financial analyst 
synthesizing market data must balance competing priorities, manage time constraints, 
and make critical decisions under pressure. Knowledge work also involves nonlinear 
workflows and dynamic problem-solving [15]. For example, software developers fre-
quently shift between coding, debugging, and collaborative meetings, adapting to chang-
ing project requirements [15]. These characteristics make knowledge workers particu-
larly vulnerable to stress, as they must continually balance high cognitive demands with 
the need to deliver consistent performance [16]. 

Knowledge workers routinely use and increasingly rely on digital tools for commu-
nication, data storage, task and time management, note taking and several others. In this 
context, technology plays a dual role: while it serves as an essential enabler of modern 
knowledge work by boosting efficiency, their ubiquity has introduced new challenges 
like technostress [17]. This phenomenon manifests in various forms, such as informa-
tion overload, constant connectivity, and the need to adapt to ever-changing digital tools. 
The blurring of work-life boundaries and frequent updates or the complexity of software 
tools may foster frustration and anxiety. Research demonstrates that technostress not 
only impairs productivity but also diminishes job satisfaction and mental well-being 
[18]. 

2.2 Well-being and stress 

Well-being is a multifaceted concept that encompasses physical, emotional, and psy-
chological health and often includes factors such as happiness, satisfaction, and a sense 
of fulfillment, alongside the absence of negative conditions like stress or illness [19]. In 
the context of knowledge workers, well-being extends beyond traditional health metrics, 
incorporating factors such as job satisfaction, work-life balance, cognitive engagement, 
and a sense of purpose within one’s role [20]. Positive workplace conditions, includ-
ing supportive leadership and adequate resources, enhance well-being, which in turn can 
boost productivity and innovation [21]. Conversely, poor well-being can lead to burnout,
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disengagement, and decreased performance, with adverse outcomes for both individuals 
and organizations [21]. 

Given stress’s significant influence on well-being, its impact on employees and orga-
nizations is a critical concern. Work-related stress can stem from high job demands, 
personal expectations, and other workplace challenges. When prolonged, it may lead to 
significant physical and mental health issues, as well as economic losses for organiza-
tions [22]. Stress, as defined by Koolhaas et al. [23], is the perceived or expected inability 
to effectively manage situations exceeding one’s adaptive capacity. It can be classified as 
eustress (positive, performance-enhancing) and distress (negative, harmful) [24]. Also, 
it falls into acute (short-term, linked to “fight-or-flight”) and chronic (long-term, caused 
by persistent stressors) categories [25]. Accurate stress measurement is crucial for under-
standing its effects on well-being, cognitive demands, and workload [26]. Different forms 
of stress can be observed through various performance, psychological, physiological, 
and behavioral symptoms [27]. 

Despite advancements in stress and well-being diagnostics, existing methods remain 
limited. Subjective self-reported questionnaires (self-reports) and clinical interviews, 
while simple and cost-effective, are prone to biases like social desirability and recall 
inaccuracies, compromising their reliability [28]. Objective biological measures often 
rely on invasive or resource-intensive procedures, making them impractical for con-
tinuous real-world monitoring [29]. Furthermore, current tools often fail to integrate 
crucial contextual information, such as task-specific or environmental stressors, leading 
to fragmented insights that hinder holistic intervention strategies. These interventions 
may include behavioral nudges, such as reminders for breaks, guided breathing exer-
cises, or mindfulness techniques [30]. Beyond immediate stress relief, they may also 
foster tailored self-management techniques [31]. This underscores the need for multi-
modal, real-time, and non-invasive diagnostic systems capable of capturing the complex 
interplay between knowledge worker strain and well-being across diverse contexts [32]. 

3 Research Method 

In this study, we adopt the DSR approach by Peffers et al. [11] to derive requirements 
and formulate design principles (DPs) for an experimental platform that supports knowl-
edge workers’ well-being and enables researchers to gain empirical insights. Using a 
problem-centered approach (see Fig. 1), we ensure the design directly addresses needs 
and challenges of this user group. 

The first two DSR steps - problem identification and solution objectives - are cov-
ered in the introduction. For the third step, we conducted a literature review and an 
exploratory mixed-methods study to derive requirements and formulate DPs. In the lit-
erature review to identify literature requirements (LRs) we followed vom Brocke et al. 
[33] and focused on stress detection and intervention systems, multimodal data integra-
tion and workplace well-being. To capture user requirements (URs), we conducted 12 
semi-structured interviews and a survey with 32 potential users – knowledge workers 
facing common knowledge work challenges, including IT consultants, researchers, and 
students. Interviews averaged 31:54 minutes and were guided by 21 questions exploring 
work environments, expectations regarding platform usefulness, and potential concerns
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Fig. 1. Design Science Research Method. Adapted from Peffers et al. [11]. 

related to its adoption. Participants had a mean age of 28.2 years, with an equal gender 
distribution. The survey, consisting of 18 Likert scale and multiple-choice questions, 
complemented the interviews by providing quantitative insights into the same thematic 
areas. 

Drawing from the LRs and URs, we derived DPs in accordance with Gregor et al. [34] 
which guided the development of the system architecture. Subsequently, we evaluated 
both DPs and architecture through six expert interviews with four professors and two 
postdoctoral researchers specializing in related fields such as occupational medicine, 
e-health, and NeuroIS. The evaluation followed Sonnenberg and vom Brocke’s [35] 
criteria, specifically focusing on completeness, ease of use, meaningfulness, simplic-
ity, and understandability. The expert interviews, averaging 39:33 minutes, provided 
valuable feedback that led to iterative improvements. In both rounds of interviews, we 
followed Mayring [36] for qualitative content analysis. 

4 Results 

4.1 Literature and User Requirements 

To illustrate the interrelationship of LRs and URs, we present both types of requirements 
side by side in this subsection. Fig. 2 highlights the six LRs and eleven URs identified 
in our study, as well as the ten resulting DPs. 

The acquisition of data has generated several requirements from both the litera-
ture and users. Research on multimodal data integration suggests that combining digital 
biomarkers with subjective self-reports provides a comprehensive and accurate triangu-
lated approach to stress detection [37], forming LR1. Subjective self-reports are particu-
larly emphasized as they capture personal experiences and perception of stress that cannot 
be understood through physiological data alone [37]. While numerous self-report instru-
ments exist, some, like the Trier Inventory for Chronic Stress (TICS) [38] with 57 items, 
are time-intensive and susceptible to recall bias due to their retrospective nature [28]. To 
address these limitations, ecological momentary assessment (EMA) [39] is commonly 
employed, often using single-item measures like a direct question on stress perception. 
These short-form assessments minimize user burden and prevent overload [39] (LR4),
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Fig. 2. Literature and User Requirements with derived Design Principles. 

which aligns with the preference of participants for non-intrusive systems (UR1). For 
instance, participant 1 (P1) emphasized, the app should “run in the background as much 
as possible”, further underpinned by P4’s comment needing it to be “unobtrusive, not 
disruptive” and P5 suggested it should ideally be “purely passive”. Additionally, noti-
fications must be carefully aligned with user routines to avoid interruptions (UR10). 
As P4 stated, “If a pop-up comes up and annoys me and my concentration, it would be 
very detrimental” and P2 added that notification should not appear in “phases of high 
concentration, or other unsuitable moments”. 

Despite the preference for non-intrusiveness, some participants questioned whether 
short EMA responses alone could provide sufficient value. For instance, P7 observed 
that “it may simplify many topics too much, which means that it may not be possible to 
provide enough valuable input”. These participants requested additional features such 
as a “journaling function” (P10) or “speech-to-text for its potential therapeutic benefits” 
(P8). For long-term monitoring, frequent self-reports - triggered by events or at fixed 
intervals - are deemed necessary, potentially requiring multiple entries per day [39] 
(LR2). Participants generally accepted frequent short interactions but preferred longer 
self-reports to be occasional (UR5). While some participants, like P1 and P10, were 
willing to complete entries up to five times per day, others preferred schedules tied to 
specific times, such as “before and after working hours” (P2) or “twice a day in breaks” 
(P4). 

In addition to self-reports, the literature supports the integration of objective bio-
markers such as heartrate and heart rate variability, which can be measured using 
technologies like electrocardiogram (ECG) [40], photoplethysmography (PPG) or elec-
trodermal activity (EDA) [41]. ECG is widely regarded as the most reliable digital 
technique for stress detection. However, ensuring the reliability of wearable devices 
is critical, as only certain consumer and specialized devices are capable of accurately
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capturing these biomarkers [42] (LR3). While multimodal data integration holds signif-
icant potential, it introduces challenges related to data compatibility, synchronization, 
and analytical complexity, all of which require careful consideration [43]. Since chal-
lenges can have both positive and negative effects, the system should be capable of 
distinguishing between stress that is positively associated with performance (eustress) 
and overwhelming pressure (distress) to ensure that interventions support productivity 
without disrupting beneficial working states [44] (LR6). 

Long-term user engagement is a key challenge, necessitating incentivization strate-
gies, forming UR8. Participants suggested motivational features like “motivational slo-
gans” (P3), “a virtual avatar or mascot” (P4), or “shared challenges with friends” (P11). 
P4 added “if it is approached in a playful way and not in the sense of ‘we are going 
to make for the best efficiency’ but rather improving well-being”. While five interview 
participants expressed altruistic motivation to support research, further amplified by a 
Likert scale mean score of 3.28 in the survey, the most frequently requested feature 
was actionable suggestions and interventions to help manage strain effectively (UR7). 
All participants expressed willingness to experiment with interventions and P12 added 
“if they can be integrated into daily events”. Survey results showed a preference for 
short-duration interventions (3–5 minutes: 40.6%), with diminishing willingness for 
longer interventions (>10 minutes: 6.3%). Additionally, nine participants emphasized 
the importance of providing insights into stress patterns and triggers (UR6), suggesting 
features like “trend lines/diagrams” (P2, P5, P7), “stress scores” (P3), or “a dashboard 
with metrics” (P8). Four participants also expressed a need for educational content 
(UR9). For instance, P3 requested materials to help “prevent rather than extinguish 
(strain)” and P8 drew a parallel to understanding health consequences of smoking. 

Data security and privacy emerged as critical concerns. All participants stressed 
the importance of secure data handling and prohibiting third-party data sales (UR3). 
Specifically, participants expressed concerns about potential misuse of data, such as 
efficiency tracking by employers (P2, P4, P6, P8, P10). Survey results revealed high 
acceptance of anonymized and aggregated data transmission (Likert 3.41-3.78) com-
pared to non-anonymized data (1.94-2.25). Acceptance levels also varied by data type, 
with context data from digital devices and software usage receiving the highest scores 
(up to 3.78), followed by self-reported data (up to 3.63), and physiological data being 
the least accepted (up to 3.41). The literature reinforces the importance of robust data 
security for user trust and regulatory compliance, especially when working with sensitive 
data [45] (LR5). Participants also expressed a strong preference for retaining control 
over their data (UR4). Several participants requested features like viewing, editing, or 
deleting data (P6, P8, P10, P11), while others preferred one-time permissions (P12). 
Consequently, anonymization and aggregation before storage are essential to address 
these privacy concerns. 

Finally, the application must adhere to general usability standards, ensuring ease 
of use, intuitiveness, and minimal setup time (UR2). Participants also emphasized the 
importance of compatibility with the existing work environment, such as integration 
with commonly used apps and workspace configurations (UR11).
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4.2 Design Principles and Architecture 

By combining both theoretical and practical requirements, we derived ten DPs, as shown 
in Fig. 2. These principles are intrinsically aligned with the system architecture. To 
enhance clarity, the sequence of DPs was structured process-logically. While the prin-
ciples outline what the system must achieve, the architecture demonstrates how these 
objectives can be operationalized. Although the system should also meet general soft-
ware requirements, such as learnability, efficiency, memorability, error management, 
and satisfaction [46], we focus on the theme-specific DPs and their realization in the 
architecture. 

The proposed architecture (Fig. 3) consists of two key data flows: (1) data provision 
for research, which flows from the knowledge worker to the researcher (top layer), and 
(2) user-facing features, which flow in the opposite direction (bottom layer). These dual 
flows reflect the system’s objectives by supporting both empirical diagnostic research 
and user engagement. 

Fig. 3. Architecture based on Design Principles. 

The first data flow begins with multimodal data collection (DP1) through the Data 
Acquisition Module. This module gathers four primary data types: (1) psychological 
data obtained through subjective self-reports to capture users’ emotional and mental 
states, (2) physiological data, measured by wearables, such as heart rate or heart rate 
variability, (3) behavioral data, collected from user devices, like task completion, screen 
time, and prioritization, and (4) contextual data representing external factors, like loca-
tion, time of day, or environmental conditions. Notably, the distinction between behav-
ioral and contextual data is often blurred; for example, email response time could reflect 
behavioral efficiency or be influenced by contextual factors such as workload. 

After acquisition, data is pre-processed and stored locally on the user’s device within 
the Well-being Companion app to ensure data privacy. Given the vast amounts of data 
that is collected, it is impractical to perform both the analyses and the storage solely on 
the user’s device. Therefore, the Data Processing Module performs only essential pre-
processing (DP2) tasks, such as noise removal and data compression, to reduce storage 
and optimize network efficiency. Locally processed data is then stored (DP3) in the  Local
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Knowledge Worker Digital Twin (Local KWDT) which temporarily stores processed 
data and indicators collected. The visionary concept of a human digital twin (e.g. [47]) 
serves as more than just a static data repository; it functions as a dynamic representation – 
here: of the knowledge worker - enabling in-depth analyses and predictions about their 
state. The Local KWDT ensures data continuity, even without network connectivity, by 
storing processed indicators until they are transmitted to the cloud for advanced analysis. 

The Knowledge Worker Evaluation System (KWES) serves as the central cloud-
based infrastructure for advanced processing and research. We argue for a cloud infras-
tructure for reasons including scalability and elasticity [48]. The Encryption and 
Exchange Module (DP4) ensures secure data transfer by anonymizing identifiers, 
encrypting data at rest and in transit, and facilitating its transmission to the Central 
KWDT (DP5). This dynamic data pool serves as a central storage solution to handle the 
vast amounts of data generated over time by various individuals. Advanced analytics are 
performed in the Indicator Assessment Module (DP6) leveraging high-performance 
computing and AI to derive patterns, insights, and predictions (e.g. [49]). These refined 
indicators enhance the Central KWDT, providing researchers with comprehensive 
datasets for multi-individual analyses. 

The second data flow focuses on delivering user-facing features. The Central Inven-
tory Module (DP7) within the KWES stores dynamic content, such as surveys, inter-
ventions, and educational materials, curated and updated by researchers to maintain 
scientific relevance. When the Indicator Assessment Module detects significant signals 
in user data, relevant content is securely transmitted to the Well-being Companion via 
the Encryption and Exchange Module. 

The Local Inventory Module (DP3) manages and stores this content, allowing users 
to interact with previously processed data. Three additional modules operationalize the 
user-facing aspects: The Proposal Module (DP8) determines appropriate content, such 
as interventions or surveys, tailored to the user’s state through logical and heuristic meth-
ods; the Notification Module (DP9) calculates optimal timing for delivering content to 
minimize disruption and maximize engagement; and finally the User Interface Module 
(DP10) provides an interface for users to interact with the system. This module also 
visualizes key metrics, interventions, and educational materials while enabling users to 
edit or update their data, providing them with the tools to make informed decisions about 
their well-being. 

4.3 Evaluation 

To validate our DSR process, we evaluated the LRs, URs, and DPs as well as the archi-
tecture through six expert interviews, applying the criteria of completeness, ease of use, 
meaningfulness, simplicity, and understandability, as outlined by Sonnenberg and vom 
Brocke [35]. 

Experts viewed the LRs, URs, and DPs easy to understand and appropriately detailed. 
Expert 2 (E2) remarked that the requirements “coincide in very, very many cases with the 
impressions that (they) were able to gain (them)self”, supporting their validity. Nonethe-
less, the experts made suggestions for improvements. E3 noted adding usability into 
DP10, and feedback by them led to revising DP5 to specify a “central storage location” 
instead of a cloud-based approach in general. While most experts found the DPs to be
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“target-oriented and abstract enough” (E3), E4 expressed concerns that they might be too 
abstract for implementation purposes. E5 praised their “good inner logic”. E6 stressed 
that “everything hinges on LR1”, recommending further elaboration without overcom-
plicating the requirements. Suggestions by E6 also included differentiating between 
eustress and distress (leading to LR6) and enhancing self-reports with interactive meth-
ods like audiovisual exchanges. E1 clarified that the focus remains on fundamental 
research, with personalized interventions being a long-term goal. E5 highlighted the 
need to address both individual feedback and broader working conditions. 

All experts agreed that the DPs were appropriately applied in the architecture, clearly 
aligning components with their intended purpose. For the two experts who were unfamil-
iar with the concept of the digital twin, it became clear after explanation. Feedback also 
prompted changes to the data flow, adding a second flow for clarity and functionality, and 
explicitly integrating the researcher into the diagram. E1 described the architecture as 
having a “good, very clear layout”. However, opinions on feasibility highlighted critical 
challenges. E2 highlighted difficulties with acquiring non-sensor-driven data, E6 ques-
tioned the ability to determine contextual phenomena accurately, and E4 cited concerns 
with data security and data fusion. E5 noted the system would require significant time to 
analyze patterns before enabling personalized interventions. Two experts refrained from 
providing specific comments on feasibility due to their lack of a technical background. 

5 Discussion and Future Research 

In this study we designed an architecture for a multimodal diagnosis and intervention 
platform aimed to support knowledge worker well-being. Using the DSR approach by 
Peffers et al. [11], we developed ten DPs based on a comprehensive literature review and 
empirical data collection, including semi-structured interviews (n = 12) and surveys (n 
= 32) with potential users, which were then evaluated by experts (n = 6) and refined. 

The findings underscore the need to balance literature- and user-derived require-
ments, emphasizing system interaction and data security. First, while existing research 
highlights the value of multimodal data integration, potential users strongly empha-
sized the need for minimally intrusive and contextually aware systems, reinforcing the 
challenge of missing self-reported data [50]. However, the integration of different data 
modalities creates a symbiotic relationship, where each type of data enhances the inter-
pretation of the others [37]. Subjective self-reports provide essential context for under-
standing physiological biomarkers, while behavioral and contextual data frame these 
signals within the broader work environment. Additionally, contextual data presents 
opportunities to optimize user interaction, for example, by identifying ideal time win-
dows - such as calendar breaks between meetings - to prompt user input with minimal 
disruption. Second, data security and privacy also emerged as key concerns by users, a 
finding reinforced by the literature [45]. While collecting extensive data and utilizing 
cloud-based storage offers opportunities for advanced analysis, they also raise concerns. 
To address this, the architecture showcases two parallel execution layers: local device 
storage with initial processing capabilities, and anonymized cloud storage for advanced 
analysis. A similar approach is used by Apple’s Private Cloud Compute [51]. 

We figured out that a dual-purpose system is essential for success. Without regular 
user input, data collection may fall short, compromising both its diagnostic and research
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functions. Thus, providing meaningful incentives to maintain user engagement is cru-
cial for the system’s effectiveness. The proposed architecture features two data flows to 
support these two objectives: one for research-oriented data collection and another for 
user-facing features, such as interventions or educational content, to sustain engagement 
and motivation. Experts emphasized an initial focus on diagnostics to establish a reli-
able foundation for future developments. While causal relationships remain complex, 
future iterations may offer tailored interventions to enhance resilience, well-being, and 
productivity. Meanwhile, generic interventions may maintain engagement and serve as 
a foundation for empirical research. 

This research objective is part of a broader agenda. The proposed system is designed 
to be highly adaptable and customizable, allowing it to evolve to meet future needs in 
enhancing the well-being and performance of knowledge workers. Although the current 
version focuses on stress, the flexible architecture supports the integration of additional 
dimensions of health, including aspects like chronobiology, cognitive load, job satisfac-
tion, motivation, multitasking, and work-life balance, thereby enriching the KWDT. For 
instance, leveraging chronobiology allows for time-of-day-specific interventions - such 
as scheduling high-focus tasks during peak performance periods or suggesting relax-
ation techniques when fatigue is imminent - tailored to individual circadian rhythms 
[52]. This could be further enhanced by incorporating sleep patterns and activity levels. 
Furthermore, incorporating motivational elements through gamification, like progress 
tracking, badges, or goal-setting challenges, can foster sustained user engagement [53]. 
Additionally, the system could be enriched with other context-specific features, such as 
cultural and demographic adaptations, ensuring that the platform remains relevant and 
effective across diverse user groups [54]. 

The next step of future research should refine the proposed architecture and develop a 
functional prototype for pilot testing, with stress management serving as an optional entry 
point for exploration. Special attention is needed to analyze the statistical relationships 
between stress predictors (e.g. workload, time pressure, and environmental factors) and 
actual strain (e.g. physiological, emotional, and cognitive responses). This will ensure 
accurate measurement and guide the development of targeted interventions to mitigate 
workplace strain. 

Despite the contributions of this study, several limitations should be acknowledged. 
First, the relatively small sample and the predominantly young age of participants may 
have introduced selection bias and could limit generalizability. Future studies should 
include more diverse age groups, industries, and cultural contexts. Second, while the 
architecture was conceptually validated, implementation may reveal unforeseen techni-
cal or usability challenges. Finally, the current focus on stress does not fully capture the 
multifaceted nature of well-being. Future iterations should expand to broader well-being 
dimensions. 

6 Contribution 

Our work offers several important contributions to both theory and practice. First, we 
provide empirical insights into user requirements through a combination of qualitative 
and quantitative analyses. Second, we derived a set of user- and literature-centered
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design principles that can guide future researchers and practitioners in the development 
of similar platforms, ensuring that they are both scientifically grounded and user-focused. 
Third, we designed and evaluated a comprehensive architecture that serves as a practical 
blueprint for developers in the field of digital health and well-being applications. This 
architecture not only addresses technical challenges such as data integration, processing, 
and privacy but also aligns with user-centric considerations, making it a valuable resource 
for advancing the development of effective and secure digital health solutions. 

Disclosure of Interests. The authors have no competing interests to declare that are relevant to 
the content of this article. 
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Abstract. This research applies the Design Science Research (DSR) method-
ology to investigate how self-referencing in Large Language Model (LLM)-
based health coaching influences user trust and perceptions of anthropomor-
phism. We synthesized theory-driven design principles to guide the integra-
tion of self-referencing and demonstrated them in a vignette-based prototype. 
Through a single-factorial between-subjects experiment, analyzed using Partial 
Least Squares Structural Equation Modeling (PLS-SEM) and qualitative feedback, 
we identified a dual effect of self-referencing: while professional self-referencing 
enhances trust via increased anthropomorphism, overly personal references can 
directly undermine trust. Based on these findings, we refined our design princi-
ples to optimize trust-building in LLM-based coaching. Our contributions provide 
actionable design guidelines for creating more effective and trustworthy AI-driven 
health interventions, advancing the understanding of anthropomorphic design in 
digital coaching contexts. 

Keywords: Health behavior change · Coaching · Large language models · 
Trust · Anthropomorphism 

1 Introduction 

The health and wellness industry has experienced significant growth in recent years, 
driven by a rising demand [1] from consumers who prioritize health, fitness, nutrition, 
and overall well-being. This trend is particularly influenced by a cultural shift towards 
preventive healthcare, largely advocated by younger generations like Gen Z. They favor 
proactive health management strategies, emphasizing dietary and fitness modifications 
to prevent chronic diseases [2, 3]. While the intent to adopt healthier lifestyles is evident, 
actual behavioral change remains challenging. 

Digital interventions, particularly health coaching, have emerged as effective means 
to support individuals in achieving lifestyle changes through collaborative conversations 
and personalized guidance [4]. However, the scalability of such interventions is often
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limited by the availability of human practitioners and and the delayed interactions typical 
of traditional digital formats, which can diminish engagement [5–7]. 

With the recent advancements in large language models (LLMs), new possibili-
ties have emerged. These technologies offer the potential for real-time, scalable, and 
highly personalized coaching interactions, mimicking human conversational capabili-
ties and adapting responses to individual user needs. [6, 8] Preliminary applications of 
LLMs in fields like nutrition and physical activity coaching have demonstrated promising 
outcomes by providing dynamic, customized advice [9–12]. 

To fully leverage the benefits of LLMs in behavioral healthcare, their proper utiliza-
tion is crucial [13]. Central to successful coaching is the establishment of user trust [8, 
14]. A trusting relationship between the coach and coachee is essential, as it encourages 
users to disclose necessary health information [8] and adhere to the coach’s advice [15]. 
In LLM-based health coaching, anthropomorphism – the extent to which users perceive 
human-like qualities in the system – can significantly influence trust. Studies suggest 
that incorporating human-like features in conversational agents makes interactions more 
natural and relatable, thereby fostering trust [16]. Precisely, anthropomorphic design ele-
ments, such as human-like behaviors and verbal social cues, can shape how trustworthy 
users perceive the system to be. 

While prior research on anthropomorphic chatbot design has primarily focused on 
visual cues, such as the use of avatars and names, and stylistic elements of communi-
cation, such as tone and formality [17, 18], there has been limited exploration on how 
to design content-specific verbal cues in chatbot interactions. Content-specific cues – 
what is said rather than just how it is said – are particularly impactful in contexts that 
require ongoing engagement and rapport, such as health coaching [19]. In these set-
tings, meaningful conversation beyond task-oriented dialogue can foster a supportive 
and trusted relationship between the user and the system [20]. One such underexplored 
content-specific cue is self-referencing, where the agent refers to itself to appear more 
human-like [21]. 

Given the complex role self-referencing plays in user perceptions of AI coaches, this 
paper investigates the nuanced design impacts of this anthropomorphic trait. We aim to 
explore the following design-based research question: 

RQ: How should an LLM-based coaching intervention be designed to integrate self-
referencing to foster trust? 

To address our research question, we adopted a design science research methodology 
as outlined by Peffers et al. [22]. Our study aimed to establish initial design principles 
using a theory-driven and exploratory approach. We assessed these principles through a 
single-factorial between-subjects experiment, specifically examining the impact of self-
referencing on perceptions of anthropomorphism and trust within LLM-based health 
coaching contexts. We employed partial least squares structural equation modeling (PLS-
SEM) to analyze the contributions and effects of these human-like cues. Additionally, 
we integrated qualitative data from the experiments to further refine our findings and 
the evolving design principles. This comprehensive approach allowed us to explore both 
the positive and negative implications of self-referencing in enhancing the efficacy of 
digital health interventions.
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2 Theoretical Background 

2.1 Anthropomorphic Design 

Anthropomorphism involves attributing human traits and characteristics to non-human 
entities like computers or systems [23–25]. Nass and Moon [25] introduced the “Comput-
ers are Social Actors” (CASA) paradigm, explaining that despite their lack of emotions, 
self-reference, and physical presence, people still apply social roles and expectations to 
computers, treating them as social beings. This tendency has been examined through 
two main theoretical lenses: one suggests humans automatically respond to lifelike or 
social cues without conscious thought, while the other proposes that people form mental 
models based on how systems mimic human behavior, influencing their interactions with 
these systems [24, 26]. 

Advances in AI since 2000 have significantly enhanced the capabilities of computers, 
enabling them to simulate emotions, use personal pronouns, and exhibit human-like 
behaviors [25]. This has transformed user interactions, particularly in the development 
of conversational agents that now incorporate a broad range of social cues, enhancing 
user engagement through more natural interactions [26, 27]. Feine et al. [21] detailed 
this in their taxonomy of social cues for conversational agents, highlighting differences 
in verbal, visual, auditory, and invisible cues. 

Previous research has predominantly focused on the visual and stylistic aspects of 
anthropomorphic chatbot design, such as avatars, names, tone, and formality [17, 18]. 
However, there has been limited exploration of content-specific verbal cues, which are 
crucial in settings requiring sustained engagement and rapport, like health coaching [19]. 
These cues, focusing on what is communicated rather than just how it is communicated, 
can significantly foster a supportive and trusted relationship between users and systems 
[20]. 

2.2 Trust 

In IS research, trust is often studied in two contexts: interpersonal trust, applicable to 
both individuals and organizations and trust in IT systems or artifacts [28–30]. Trust 
formation relies on perceived characteristics such as ability, benevolence, and integrity 
for individuals, and functionality, helpfulness, and reliability for technology [31–33]. 
In health coaching, trust hinges on the coach’s perceived competence, goodwill, and 
reliability, which are crucial for client engagement [8]. 

We adopt the definition of trust proposed by Mayer et al. ([35], page 712): “Trust is the 
willingness of a party to be vulnerable to the actions of another party based on the expec-
tation that the other will perform a particular action important to the trustor, irrespective 
of the ability to monitor or control that other party.” This definition emphasizes the 
critical role of vulnerability in trust dynamics, where individuals willingly expose them-
selves to risk in relationships [35, 36]. Designing IT artifacts that foster trust requires 
a systematic approach grounded in trust theory [37], ensuring that key trust-building 
factors are embedded the system’s functionality. In LLM-based health coaching, one 
such approach is anthropomorphic design, which can enhance user perceptions of the 
system’s trust antecedents [16].
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In LLM-based health coaching, the extent to which users perceive human-like qual-
ities in the system, or anthropomorphism, significantly influences trust. Studies indicate 
that incorporating human-like features into conversational agents makes interactions 
more natural and relatable, enhancing trust [16]. Specifically, anthropomorphic design 
elements like human-like behaviors and verbal social cues shape user perceptions of trust-
worthiness. Supporting research shows that users form richer mental models of anthro-
pomorphic systems than of mechanical ones, suggesting that these effects also apply to 
digital systems [24]. Moreover, trust in conversational agents is notably improved by 
anthropomorphic features, including visual and auditory cues [38]. 

3 Methodology 

This research follows the Design Science Research (DSR) methodology as described 
by Peffers et al. [22], which is structured into six distinct phases depicted in Fig. 1. We  
followed the problem-centered approach, where the initial step involves identifying the 
problem and establishing motivation – details of which are presented in the introduction 
of this paper. 

Fig. 1. Design Science Research Process adapted from Peffers et al. [22] 

The second phase focuses on specifying the objectives of the solution. The pri-
mary goal of our solution is to integrate the content-specific verbal social cue of self-
referencing into an LLM-based health coaching intervention to enhance users’ per-
ception of anthropomorphism and trust. More broadly, self-referencing contributes to 
anthropomorphic design by making the conversational agent appear more human-like. 
Sharing personal experiences and demonstrating behaviors are inherently human traits 
that foster personalization, build rapport, and strengthen trust. Feine et al. highlight 
content-specific social cues, such as self-disclosure and references to past events, as key 
factors in enhancing user engagement [21]. By incorporating relevant self-references,



300 S. Meywirth et al.

the LLM-based coach can create more relatable and engaging interactions, ultimately 
improving the overall coaching experience. 

In the third phase, Design and Development, we adopt a theory-driven approach, 
deriving design principles from the literature on anthropomorphic chatbot design and 
health coaching. After establishing initial design principles based on the guidelines 
of Gregor et al. [39], we developed a vignette-based prototype. This prototype serves 
to demonstrate and evaluate our design principles in phases five and six, respectively, 
through a fully randomized online experiment. 

The research cycle concludes with the refinement of our design principles, incor-
porating insights gained from the experimental results and additional qualitative user 
feedback. This iterative process ensures that our findings are both robust and relevant to 
the field of digital health coaching. 

4 Design and Development 

4.1 Deriving Initial Design Principles from Theory 

Self-referencing is a content-specific social cue with multiple potential benefits in LLM-
based health coaching. Coaching inherently involves clients disclosing personal informa-
tion about their goals and habits, often on intimate topics, particularly in health-related 
discussions [8]. However, individuals are generally hesitant to share such information 
unless reciprocity is present. Research has demonstrated that users are more willing to 
disclose personal details when their conversational partner also shares intimate informa-
tion [40]. Moon’s study [40], grounded in the CASA paradigm, shows that this reciprocity 
effect extends to human-computer interactions. Similarly, Lee et al. found that greater 
self-disclosure by a chatbot led to increased self-disclosure from users, as well as higher 
enjoyment and intimacy in the interaction [41]. We therefore propose the following 
design principle: 

DP1: For designers and researchers to design LLM-based health behavior change inter-
ventions effectively for individuals desiring to change their health behaviors, ensure that 
the LLM-based coach engages in self-referencing by sharing relevant information about 
itself in a way that fosters reciprocity, so that user openness is encouraged, thereby 
strengthening trust and engagement. 

Beyond fostering openness, self-referencing aligns with established behavior change 
techniques (BCTs). The taxonomy by Michie et al. [42] identifies 93 distinct BCTs, 
including the “comparison of behavior” cluster, which highlights the role of demonstrat-
ing behaviors and fostering social comparison. Self-referencing allows the LLM-based 
coach to position itself as a role model, verbally demonstrating behaviors that clients 
might adopt. For example, the coach could reference its own strategies for maintaining 
habits or overcoming challenges, encouraging clients to reflect on their own behav-
iors and implement changes accordingly. We therefore propose the following design 
principle:
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DP2: For designers and researchers to design LLM-based health behavior change inter-
ventions effectively for individuals desiring to change their health behaviors, ensure 
that the LLM-based coach verbally demonstrates desirable behaviors, so that social 
comparison is facilitated and users are encouraged to adopt healthier habits. 

Furthermore, self-referencing plays a crucial role in fostering trust. When assessing 
trustworthiness, people evaluate key characteristics such as ability, benevolence, and 
integrity [34]. By referencing its own coaching-relevant experiences, the LLM-based 
coach can establish its ability and credibility, demonstrating expertise in guiding users 
toward their health goals. We therefore propose the following design principle:

Table 1. Exemplary Dialogue Elements Based on Initial Design Principles 

Design Principles Implementation in Vignette 

For designers and researchers to design 
LLM-based health behavior change 
interventions effectively for individuals desiring 
to change their health behaviors, … 

Embedded within conversation between 
LLM-based coach and client aimed at 
fostering healthy nutrition and fitness. 

DP1 ensure that the LLM-based coach 
engages in self-referencing by sharing 
information about itself in a way that 
fosters reciprocity, so that the user’s 
openness is encouraged thereby 
enhancing trust and engagement. 

“A bit about me — I’ve always been 
passionate about helping others live their 
healthiest lives, inspired by my own 
wellness journey.” 

“I used to do homemade pizza nights with 
friends to see who could make the 
healthiest, tastiest toppings.” 

“Wednesday: Rest day — I usually use this 
to catch up on reading or plan the week. “ 

DP2 ensure that the LLM-based coach 
verbally demonstrates desirable 
behaviors, so that social comparison is 
reinforced and users are encouraged to 
adopt healthier habits. 

“For lunch, how about switching to wraps 
with lean meats and veggies instead of the 
usual sandwiches? It’s an easy, tasty swap I 
love for eating better on the go.” 

“Here’s a plan for the week that includes 
some of my personal favorites for 
inspiration: 
Monday & Thursday: 15-minute morning 
walk. — starting the day with a walk really 
energizes me, and it might do the same for 
you.” 

DP3 ensure that the LLM-based coach 
utilizes self-referencing to demonstrate 
its expertise and reliability, so that the 
user feels confident in the coach’s 
abilities and trusts the guidance 
provided, thereby fostering a committed 
and effective coaching relation-ship. 

„I have other clients who are vegan, so I’m 
quite familiar with a variety of dishes that 
could work well for you.” 

„For example, a client of mine also had a 
desk job and found success by scheduling 
short, 10 minute walks during her lunch 
break.”
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DP3: For designers and researchers to design LLM-based health behavior change inter-
ventions effectively for individuals desiring to change their health behaviors, ensure that 
the LLM-based coach utilizes self-referencing to demonstrate its expertise and reliability, 
so that the user feels confident in the coach’s abilities and trusts the guidance provided, 
thereby fostering a committed and effective coaching relationship.

4.2 Development of Vignettes and Demonstration 

We developed a vignette-based LLM health coaching intervention designed to simulate 
trust-building interactions in a realistic setting [43] and to demonstrate our initial design 
principles. The vignette represents an initial chat-based session with a lifestyle coach 
focused on goal-setting – an essential component of health coaching [6]. To reinforce this, 
we incorporated techniques from the “goals and planning” cluster of the behavior change 
technique taxonomy [42] and integrated dietary advice and strategic recommendations. 
These elements address key trust factors, such as sharing personal goals [8] and following 
expert advice [44]. 

Building on design principles derived from theory, we crafted a prototype dialogue 
demonstrating DP1, DP2, and DP3. Table 1 outlines these principles alongside the corre-
sponding self-reference phrases embedded in the vignettes. The dialogue includes self-
references aligned with our initial design knowledge, while a control vignette, omitting 
these self-references, was developed for baseline comparison. Each interaction began 
with an introductory message clarifying that the coach was powered by an LLM. 

These messages were implemented in a Figma prototype designed to replicate 
the mobile version of ChatGPT, ensuring a familiar user experience while avoiding 
additional social cues beyond those typical of LLM-based interactions. 

We conducted a preliminary evaluation of the vignettes with five peer researchers 
to ensure they effectively demonstrated our design principles. Based on their feedback, 
we made slight adjustments to refine clarity and alignment with the intended design 
elements. 

5 Evaluation 

5.1 Experimental Procedure 

We conducted a fully randomized online experiment to assess the impact of our design 
principles on user trust and perceptions of anthropomorphism. Our evaluation followed 
the DSR evaluation framework proposed by Venable [45], adopting a formative interme-
diate approach situated between ex-ante and ex-post evaluation. The experiment was well 
suited for this purpose, as it focused on relational mechanisms – such as trust, anthropo-
morphism, and reliance – that are central to the intended effects of the proposed design 
principles. 

A total of 149 participants were recruited via Prolific [46] in accordance with guide-
lines for online studies [47]. After excluding six responses for failing attention checks 
and three responses due to excessively rapid survey completion (under five minutes), the 
final sample comprised 140 valid responses, with 74 participants in the control group 
and 66 in the treatment group.
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The sample consisted of slightly more males (49.3%) than females (47.9%), with 
a small percentage of non-binary participants (2.9%). Participants had a mean age of 
38 years (ranging from 18 to 74 years). In terms of education, 43.6% held a bachelor’s 
degree as their highest qualification, while 29.3% had completed a high school diploma. 
Moreover, 63.6% reported no prior experience with health or lifestyle coaching, and 
80% aimed to improve their fitness and nutrition. 

The experiment unfolded in three steps. First, participants received a brief overview 
of the study’s objectives and context. Second, they were introduced to a vignette scenario 
in which they assumed the role of an individual receiving LLM-based coaching for 
healthy nutrition and physical activity – initiating goal-setting via an online chat. Finally, 
participants were presented with the prototype vignette depicting the initial coaching 
session and were asked to evaluate its content through an online survey. 

Perceived anthropomorphism was measured using seven indicators adapted from 
Seymour et al. [48], reliance was assessed with three indicators adopted from Chua et al. 
[49] and Gursoy et al. [50], and trust was evaluated using three indicators adapted from 
Gefen [51]. Additionally, open-ended questions were included to capture exploratory 
insights during this initial iteration. 

Afterward, we used structural equation modeling (SEM) with the variance-based 
partial least squares (PLS) [52, 53] approach to analyze our data. PLS-SEM is a mul-
tivariate analysis technique widely used to investigate causal-predictive relationships 
in information systems. It does this by employing weighted composites of variables as 
proxies for latent variables, which allows for the estimation of their relationship. [54] 

5.2 Results 

We started by evaluating our measurement model. We checked the univariate normality 
of the measurements and found that none of our measures exceeded the threshold of 2 or 
−2 for skewness or kurtosis values of 2 or −2 [55]. Subsequently, we assessed the con-
struct’s reliability and convergent validity. We employed Cronbach’s Alpha, composite 
reliability (rho_c and rho_a), and average variance extracted (AVE) as indicators. Our 
findings indicated that all indicators met the thresholds of 0.7 or above for Cronbach’s 
alpha, rho_c, and rho_a, and 0.5 or above for AVE [55]. Furthermore, we evaluated the 
discriminant validity by measuring the heterotrait-monotrait (HTMT) ratios of correla-
tions. The discriminant validity measures to what extent the latent constructs are truly 
distinct from each other [56]. None of our latent constructs exhibited a value above the 
suggested threshold of 0.9 [55]. 

The results of the structural model are presented in detail using path coefficients 
(ß), significance levels (p-values), and effect sizes (f2). A 5,000-sample bootstrapping 
algorithm was used to determine the statistical significance of the path coefficients. The 
results are summarized in Fig. 2. 

Our results show a significant relationship with a p-value less than 0.01 between 
anthropomorphism and trust (p-value = 0.000). Additionally, we found a significant 
relationship between self-referencing and anthropomorphism with a p-value of 0.003. 
Furthermore, we identified a marginally significant relationship between self-referencing 
and trust with a p-value of 0.086. Moreover, we revealed a significant relationship 
between trust and reliance.
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Fig. 2. Structural Model 

In terms of effect size, values above 0.020, 0.150, and 0.350 indicate a low, moderate, 
and high effect at the structural level, respectively [57]. The analysis confirmed a sig-
nificant and positive relationship between anthropomorphism and trust, as indicated by 
a strong path coefficient (β = 0.619, p ≤ 0.01) and a high effect size (f2 = 0.563). Sim-
ilarly, the relationship between self-referencing and anthropomorphism was significant 
and positive, with a moderate path coefficient (β = 0.492, p ≤ 0.05) and a low effect size 
(f2 = 0.064). In contrast, the relationship between self-referencing and trust was signif-
icant but negative, with a path coefficient (β = −0.225, p ≤ 0.1) and a marginal effect 
size (f2 = 0.019). Moreover, the analysis identified a significant relationship between 
trust and reliance with a strong path coefficient (β = 0.681, p = 0.000) and a substantial 
explained effect size (f2 = 0.866). The R2 values for trust (R2 = 0.361) and reliance (R2 

= 0.464) are considered substantial based on Chin’s [52] guidelines. 

6 Discussion and Revision of Design Principles 

Our results reveal a dual effect of self-referencing in digital coaching applications. While 
it enhances anthropomorphism and can foster trust, it may also undermine trust if not 
carefully calibrated. Participants responded negatively to experiential self-references – 
such as anecdotes about pizza nights or personal routines – often perceiving them as 
unsettling or inauthentic. One participant noted, “It also wrote as though it was alive 
and had friends and ate things, which is weird.” Another remarked, “I did NOT like the 
LLM coach pretending to be human. An LLM doesn’t have pizza nights, take morning 
walks, and spend Wednesday breaks reading.” 

These reactions highlight a key insight: overly human-like self-references can com-
promise the system’s perceived integrity – a cornerstone of trust [34]. In contrast, pro-
fessional self-referencing, such as references to experiences with other clients, was 
perceived as helpful and credible. Since self-referencing increases anthropomorphism – 
positively affecting trust –, we recommend incorporating it at a professional level while 
integrating emotions and empathy. These elements were not perceived as uncanny and 
contributed to a more human-like yet credible interaction. 

In light of these findings, we revised our original design principles to reflect the 
nuanced role of self-referencing in building trust. Specifically, we recommend avoiding
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fabricated personal anecdotes and instead suggest referencing generalized client expe-
riences and providing empathetic responses that mirror user emotions without implying 
human-like experiences. 

DP1, which originally focused on fostering openness through self-referencing, is 
now refined to emphasize professional reciprocity rather than fabricated personal stories. 
Empathy remains important but should be conveyed in ways that do not imply human 
identity. 

DP2 emphasized self-referencing as a role-modeling strategy, aligning with behavior 
change techniques such as social comparison. However, user feedback suggests this 
should not include personal anecdotes or imply human-like experiences. Instead, LLM-
based coaches should reference other clients’ experiences to encourage reflection while 
maintaining an AI-appropriate persona. 

Based on our evaluation, we find no need to revise DP3, which focuses on establishing 
the coach’s ability through references to professional experiences. However, we propose 
adding DP4, which underscores the importance of avoiding experiential self-references 
in LLM-based coaching. Table 2 provides an overview of the revised design principles. 

Table 2. Revised Design Principles 

Revised Design Principles 

For designers and researchers to design LLM-based health behavior change interventions 
effectively for individuals desiring to change their health behaviors, … 

DP1 …ensure that the LLM-based coach engages in self-referencing by sharing generalized 
insights and experiences from other clients in a professional manner and providing 
empathetic responses that mirror users’ emotions without implying personal 
experiences, so that users feel a sense of commonality and reciprocity, encouraging 
openness and fostering trust and engagement. 

DP2 …ensure that the LLM-based coach verbally demonstrates desirable behaviors by 
referencing other clients’ strategies, so that social comparison is reinforced and users 
are encouraged to adopt healthier habits. 

DP3 …ensure that the LLM-based coach utilizes self-referencing to demonstrate its 
expertise and reliability, so that the user feels confident in the coach’s abilities and 
trusts the guidance provided, thereby fostering a committed and effective coaching 
relation-ship. 

DP4 …ensure that the LLM-based coach avoids experiential self-references, such as 
sharing human-like personal experiences, so that users accept the system and do not 
experience feelings of eeriness. 

7 Conclusion 

In our study, we synthesized three theory-driven design principles for integrating self-
referencing in LLM-based health coaching to foster trust. We demonstrated these prin-
ciples through a vignette-based prototype, which we evaluated in a single-factorial
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between-subjects experiment. Using PLS-SEM analysis and additional qualitative data, 
we identified a dual effect of self-referencing on trust and reliance in digital coaching 
applications: while self-referencing can enhance trust by increasing perceived anthropo-
morphism, it can also directly undermine trust when not carefully calibrated. Based on 
these findings, we refined our design principles to optimize the use of self-referencing 
in LLM-based health coaching for trust-building. 

While our study provides valuable insights, it is important to acknowledge the limi-
tations inherent in the iterative nature of the Design Science Research methodology. This 
study represents the first iteration, where evaluation results informed the revision of our 
design principles, which should be further tested in subsequent iterations. Future research 
should extend beyond vignette-based prototypes to implement and evaluate the revised 
design principles in real-world settings. Additionally, further studies should assess the 
intervention’s effectiveness in collaboration with behavioral healthcare experts, such 
as therapists, certified dietitians, and researchers, to validate its practical applicability. 
Finally, future research must also address potential biases inherent in the natural training 
data of LLMs to ensure ethical and unbiased coaching interactions. 
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