
Matthias Simon Billert

Leveraging Digital  
Co-Creation Platforms
for the Systematic Creation of High-Quality 

Contributions in the Public and Private Sector

Research on  IT / Service / Innovation / Collaboration 23



 

 

 
Research on IT / Service / Innovation / Collaboration 
Band 23 / Vol. 23 

Herausgegeben von / Edited by  
Univ.-Prof. Dr. Jan Marco Leimeister, Universität Kassel 





Matthias Simon Billert 

Leveraging Digital Co‐Creation Platforms 
for the Systematic Creation of  
High‐Quality Contributions in the  
Public and Private Sector 

kassel
university

press



This  work  has  been  accepted  by  the  Faculty  of  Economics  and  Management  of  the  University 
of  Kassel  as  a  thesis  for  acquiring  the  academic  degree  of  Doktor  der  Wirtschafts‐  und 
Sozialwissenschaften (Dr. rer. pol.). 

Supervisor:  Prof. Dr. Jan Marco Leimeister 
Co‐Supervisor:   Prof. Dr. Matthias Söllner 

Defense Day:   8. September 2022 

This document – excluding quotations and otherwise identified parts – is licensed under the 
Creative Commons Attribution‐Share Alike 4.0 International License (CC BY‐SA 4.0: 
https://creativecommons.org/licenses/by‐sa/4.0/). 

 https://orcid.org/0000‐0002‐5390‐9432 (Matthias Simon Billert) 

Bibliographic information published by the Deutsche Nationalbibliothek  
The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; 
detailed bibliographic data are available in the Internet at http://dnb.dnb.de.  

Zugl.: Kassel, Univ., Diss. 2022 
ISBN: 978‐3‐7376‐1070‐4 
DOI: https://doi.org/10.17170/kobra‐202209276899 

© 2022, kassel university press, Kassel 
https://kup.uni‐kassel.de 

Cover design: Jörg Batschi Grafik Design, Tübingen 
Printing Shop: Print Management Logistik Service, Kassel 
Printed in Germany 

https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0000-0002-5390-9432
https://kup.uni-kassel.de


 

V 
 

Vorwort 

Diese Dissertation befasst sich mit der Erstellung einer digitalen kollaborativen 
Beteiligungsplattform im öffentlichen Sektor (Weck den Herkules in dir / Mein 
Projekt für alle, alle für mein Projekt) und einer digitalen kollaborativen Lern- und 
Qualifizierungsplattform im privaten Sektor (KLuQ – Die Lern- und 
Qualifizierungsplattform).  
 
Die Bürgerbeteiligungsplattform „Weck den Herkules in dir“ aus dem Projekt Civitas 
Digitalis wurde 2020 im hessischen Wettbewerb „Hessen Smart Gemacht“ durch die 
Hessische Digitalministerin Prof. Dr. Kristina Sinemus und den Chef der Hessischen 
Staatskanzlei Axel Wintermeyer ausgezeichnet. 
 
Mit „Mein Projekt für alle, alle für mein Projekt“ konnte basierend auf der Plattform 
„Weck den Herkules in dir“ durch eine Förderung seitens der Hessischen Staatskanzlei 
auf der Webseite www.digitalebürgerbeteiligung.de eine Open-Source Lösung zum 
Aufsetzen einer Beteiligungsplattform für Städte und Gemeinden angeboten werden. 
Auch die Lern- und Qualifizierungsplattform „KLuQ“ mit der interaktiven 360-Grad 
Lernumgebung konnte über den Transfercenter des Projektes KoLeArn unter der 
Webseite transfercenter.kolearn.de anderen Unternehmen angeboten werden. 
   
Mein besonderer Dank gilt meinem Doktorvater und Mentor Professor Dr. Jan Marco 
Leimeister für das mir entgegengebrachte Vertrauen und die Freiheiten, die er mir 
während meiner gesamten Zeit am Lehrstuhl und in dieser Arbeit gelassen hat. Er 
glaubte stets an mich und förderte meine Ideen, weshalb es überhaupt möglich wurde, 
dass mit den beiden Plattformen etwas Nützliches und Nachhaltiges geschaffen 
werden konnte. Dadurch konnte ich sowohl beruflich als auch privat sehr reifen. Ich 
danke ihm dafür, dass er mich nie aufgegeben hat und immer an das Gute in mir 
glaubte. 
 
Mein weiterer Dank gilt meinem Forschungsgruppenleiter Dr. Christoph Peters, der 
mich während meiner Dissertationszeit im Projekt „Civitas Digitalis“ und „Mein 
Projekt für alle, alle für mein Projekt“ begleitet hat. Mit seiner Erfahrung und seinem 
Wissen habe ich während der Projektlaufzeit viel dazugelernt und konnte auch in 
stressigen Projektzeiten stets den Überblick für das Wesentliche behalten. Durch 
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unsere vielen Diskussionen rund um „Weck den Herkules in dir“ und „Mein Projekt 
für alle, alle für mein Projekt“ konnten diese überhaupt erst zu einem Erfolg werden. 
 
Ebenfalls danken möchte ich meinem zweiten Forschungsgruppenleiter Dr. Andreas 
Janson, der mich Schwerpunktmäßig im Projekt „KoLeArn“ und somit in der zweiten 
Hälfte dieser Arbeit begleitet hat. Durch ihn konnte ich zusätzliches Wissen im 
Bereich des digitalen Lernens erlangen, wofür ich ihm sehr dankbar bin. 
 
Schlussendlich möchte ich meiner Familie Marita, Hans-Joachim, Andreas, Julius, 
Inge sowie meinen Onkels, Tanten und Cousinen und Cousins danken, die alle immer 
an mich geglaubt haben. 
 
Mein größter Dank geht an meine liebe Ehefrau Katharina, die mich liebevoll und 
führsorglich während dieser teils anstrengenden und langen Reise begleitet hat. Ihr 
widme ich diese Arbeit. 
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Zusammenfassung 

Ziel: Im öffentlichen Sektor versuchen Städte als Dienstleistungssystem die Expertise 
von Bürger durch Bürgerbeteiligung zu berücksichtigen. Dabei werden 
Beteiligungslösungen von Städten angeboten, die jedoch nicht von Bürgern akzeptiert 
werden. Im Gegensatz dazu versuchen Bürger unstrukturierte Vorschläge an die Städte 
zu übermitteln. Aus diesem Grund müssen Bürger von Anfang an in einen 
strukturellen Erstellungsprozess involviert werden, um qualitativ hochwertige 
Dienstleistungen gewährleisten zu können.  

Ein ähnliches Phänomen kann im privaten Sektor im Aus- und Weiterbildungsbereich 
festgestellt werden. Mitarbeitenden können mit dem durch die Unternehmen 
bereitgestellten Lernmaterial nichts anfangen, da dieses veraltet, unstrukturiert oder 
nicht mit dem eigentlichen Prozess übereinstimmt. Gleichzeitig besitzen Mitarbeitende 
nicht das Wissen wie Lernmaterialien erstellt werden müssen. Deshalb sollten 
Mitarbeitende von Anfang an in einen strukturellen Erstellungsprozess involviert 
werden, um qualitativ hochwertiges Lernmaterial gewährleisten zu können.  
 
Um diese Ziele zu erreichen, verfolgt die Dissertation die folgenden Ziele: (1) 
Vorstellung von verschiedenen Partizipationsebenen sowie Komponenten des 
Dienstleistungssystems als Co-Creation-System, (2) Bauen und Evaluieren einer 
digitalen kollaborativen Partizipationsplattform zur Co-Creation von bürgerinitiierten 
Dienstleistungen im öffentlichen Sektor, (3) Bauen und Evaluieren einer digitalen 
kollaborativen Lern- und Qualifizierungsplattform zur Co-Creation von situierten 
arbeitsprozessbezogenen Lernmaterialien in der Privatwirtschaft, und (4) Erarbeitung 
geeigneter Dienstleistungsmessmodelle zur Qualitätsbestimmung. 

Methode: In der Dissertation werden mehrere methodische Ansätze zur Beantwortung 
der Forschungsfrage bzw. Bewältigung der Research Challenges verwendet. Zu 
Beginn werden mehrere systematische Literaturrecherchen durchgeführt, damit sowohl 
die verschiedenen Partizipationsstufen voneinander abgrenzt werden können als auch 
die Innovation der digitalen kollaborativen Plattform basierend auf der Analyse 
bestehender Co-Creation Plattform und Beteiligungsplattformen ersichtlich wird. Des 
Weiteren wurden für die Entwicklung der Co-Creation Systeme mehrere 



 

VIII 
 

Anforderungs- und Fokusgruppenworkshops durchgeführt, um auch aus der Praxis die 
notwendigen Voraussetzungen aufgreifen zu können.  

Unter Verwendung von Design Science Research und Action Design Research wurden 
in mehreren Zyklen Prototypen der Co-Creation System erstellt die unter Verwendung 
des FEDS Frameworks und qualitativen Messmethoden evaluiert wurden. Zu den 
qualitativen Messmethoden gehörten Interviews, Usability Tests, Videoanalysen und 
Concept Mapping. 
 
Basierend auf den Gestaltungsprinzipien und der entwickelten Co-Creation Systeme 
wurde induktiv als neuer Ansatz zur Lösung eines bestehenden Problems eine Theorie 
der Gestaltung und des Handelns abgeleitet.    
 
Ergebnisse: Die Dissertation greift neben vielen weiteren Erkenntnissen die folgenden 
drei Kernergebnisse auf. 1) Die Erkenntnis darüber wie Co-Creation verwendet 
werden kann, um bürger-initiierte Dienstleistungen zu erstellen. 2) Die Erkenntnis 
darüber wie Co-Creation eingesetzt wird, um situiertes arbeitsprozessbezogenes 
Lernmaterial zu erstellen. 3) Die Untersuchung zur Messung der 
Dienstleistungsqualität. Es konnte zudem mit der Dissertation gezeigt werden, dass das 
strukturelle Empowerment ein Entscheidungsfaktor für die erfolgreiche Umsetzung 
von bürger-initiierten Dienstleistungen bzw. mitarbeiter-initiierten Lernmaterialien ist. 
Außerdem konnte nachgewiesen werden, dass die kognitive Last durch einen 
strukturierten Erstellungsprozess kaum bis gar nicht vorhanden war. Des Weiteren 
konnte festgestellt werden, dass die strukturierte Darstellung von Lernmaterialien 
durch eine interaktive 360-Grad Lernumgebung sich positiv auf die Motivation und 
Leistung der Lernenden ausgewirkt hat. 

Theoretischer Beitrag: Die Dissertation trägt zur Theorie mit einem dreistufigen, 
systematischen Co-Creation Einreichungsprozess dazu bei, dass Individuen unter 
Verwendung eines innovativen, multimedialen Ansatzes Schritt für Schritt bei der 
Erstellung eigener Beiträge unterstützt werden. Im Gegensatz zu bestehenden 
Ansätzen aus der Literatur und Praxis werden die Individuen aktiv und kollaborativ 
von Anfang an bis zur Umsetzung der Beiträge involviert. Dabei wird das Design und 
Wissen des Co-Creation Systems genutzt, um Individuen im Co-Creation Prozess zu 
unterstützen. Die strukturierte Vorgehensbeschreibung wirkt sich dabei positiv auf das 
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Verhalten der Individuen bei der Erstellung von Beiträgen aus, indem sie weniger 
abgelenkt werden. Außerdem steigt die Qualität der Beiträge durch den strukturierten 
Co-Creation Erstellungsprozess, im Gegensatz zu bestehenden freigestalteten Co-
Creation Prozessen.  
 
Ebenfalls erfolgt die Anwendung des strukturellen Empowerments als höchste Stufe 
der Beteiligung von Individuen mit heterogenen Bedürfnissen durch die Umsetzung 
der jeweiligen Co-Creation Plattform. Das Wissen des domänenspezifischen 
Kontextes wird durch die Co-Creation Plattform erweitert und präskriptives Wissen 
zur Umsetzung durch Designprinzipien der Co-Creation Plattform wird vermittelt. 
Dadurch erhalten die Individuen nicht nur mehr Zugang zur Entwicklung und den 
Informationen, wodurch auch eine höhere Entscheidung und Action gewährleistet 
wird, sondern auch eine ganzheitliche Transparenz für alle Akteure im Co-Creation 
System. 
 
Die Co-Creation Plattformen erweitern die bestehende Wissensbasis durch einen 
neuen Lösungsansatz für ein bestehendes Problem und um die Erstellung eines 
innovativen Artefakts. Das Ergebnis der Co-Creation Plattformen ist eine Theorie des 
Designs und Handeln. Basierend auf dem Gestaltungswissen wird eine explizite 
Instanziierung des Co-Creation Systems bereitgestellt. Dabei ermöglichen die 
Gestaltungsprinzipien eine Analyse von Veränderungen in der realen Welt und die 
Auswirkungen der Gestaltungsentscheidung zur Integration des Co-Creation Systems 
in bestehende Prozesse. Dabei wird sowohl ein Beitrag geleistet durch die Schritte, die 
zur Bewältigung der Herausforderung notwendig sind, basierend auf den gewonnenen 
Erkenntnissen der verschiedenen Entwicklungsschritte des Co-Creation Systems als 
auch mit der Verbesserung einer bekannten Klasse von Problemen durch das Co-
Creation System. 

Praktischer Beitrag: Die Bereitstellung von konkreten Gestaltungsprinzipien zur 
Gestaltung und Entwicklung des Co-Creation Systems durch das Empowern von 
Individuen einen eigenen qualitativ hochwertigen Beitrag zu erstellen, stellt einen 
praktischen Beitrag dar. Im Fall des öffentlichen Sektors geschieht dies durch die 
Erstellung von eigenen Dienstleistungen und im privaten Sektor durch die Erstellung 
von eigenen Lernmaterialien. Die Implementierung der Gestaltungsprinzipien zeigt in 
den beiden Fällen vor allem, dass die Erstellung von qualitativ hochwertigen Beiträgen 
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durch einen strukturierten Erstellungsprozess sowie einen Feedback-Prozess erfolgt. 
Dies unterscheidet sich zu bestehenden Ansätzen aus der Literatur und Praxis, die 
freigestaltet sind und keine Struktur verfolgen.   
 
Ebenfalls ein praktischer Beitrag ist das Co-Creation System als solches, welches 
innovative Ideen innerhalb der Organisation fördert und die Umgebung durch die 
Erfahrung der Individuen verbessert. Unter Berücksichtigung der Individuen in den 
verschiedenen Phasen des Entwicklungsprozesses von Beiträgen wird mit den 
Bedürfnissen einzelner Beteiligter durch eine kreative Zusammenarbeit in einem 
sozialen Prozess ein Wert generiert. Die Co-Creation unterscheidet sich zu 
bestehenden Ansätzen aus der Literatur und Praxis dadurch, dass sowohl die 
Erwartungen und Belangen der Organisation (Top-down) als auch die der Individuen 
(Bottom-up) von Anfang an gleichermaßen im Co-Creation Prozess Berücksichtigung 
gefunden haben und über die Allgemeinheit einer generellen Multilevel Governance 
hinausgehen. 
 
Ein weiterer praktischer Beitrag ist die Bereitstellung von skalierbaren Versionen der 
Co-Creation Plattformen mit der Möglichkeit zur Erstellung und Anpassung einer 
eigenen Instanz durch die jeweilige Organisation. Beide Co-Creation Plattformen 
wurden als White-Label Lösung digital mit einer Schritt-für-Schritt Anleitung für eine 
Erstellung und Anpassung zur Verfügung gestellt. Im Gegensatz zu bereits 
bestehenden Lösungen aus der Literatur und Praxis, kann in den beiden Fällen durch 
eine skalierbare Version des Co-Creation Systems die operative Umsetzung eines 
komplexen Themas neben einer funktionalen Machbarkeit und Wertgenerierung 
gewährleistet werden. 
 
Ausblick: Mit der Last-Research Mile wurde in den Co-Creation Systemen die 
funktionale Machbarkeit (Proof-of-Concept), die Wertgenerierung (Proof-of-Value) 
und die operative Umsetzung komplexer Themen (Proof-of-Use) erfolgreich überprüft. 
Die Inbetriebnahme des jeweiligen Co-Creation Systems deckt die funktionale 
Machbarkeit ab. Die eingereichten Beiträge über den systematischen 
Einreichungsprozess durch die Individuen generierten einen Wert und die 
Bereitstellung einer White-Label Lösung zur Adaption der Co-Creation Systeme stellt 
eine Voraussetzung für die operative Umsetzung komplexer Themen dar. Zukünftige 
Forschung könnte sich damit beschäftigen welche Effekte auf die Individuen 
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entstehen, wenn komplexe Themen mit den Co-Creation Systemen operativ umgesetzt 
werden. Als Grundlage zur Umsetzung dienen die White-Label Lösungen die mit 
strukturierten Anleitungen digital angewendet und angepasst werden können. In 
diesem Zusammenhang kann in der zukünftigen Forschung ebenfalls die Zufriedenheit 
aller involvierten Akteure mit dem adaptierten Co-Creation System getestet werden, 
um weitere Verbesserungen im Co-Creation System vornehmen zu können. 
 
Obwohl bereits Co-Creation Plattformen im privaten als auch öffentlichen Sektor 
existieren und Individuen als Mittelpunkt betrachtet werden, werden die Co-Creation 
Plattform in den meisten Fällen von einem Top-down Ansatz heraus entwickelt. Die 
Kombination von Top-down und Bottom-up ging in Verbindung mit der Co-Creation 
Plattform über die Multilevel Governance hinaus und involvierte alle Nutznießer von 
Anfang an in den Entwicklungsprozess gleichermaßen mit ein. Zukünftige Forschung 
könnte sich mit der Effizienz und Effektivität eines kombinierten Top-Down und 
Bottom-up Ansatzes in der Co-Creation beschäftigen und analysieren welche Faktoren 
dazu beigetragen haben, dass die Erwartungshaltung der jeweiligen Nutzernießer 
erfüllt wurden. 
 
Mit dem Beteiligungsspektrum zur Förderung der Partizipation wurden fünf Ebenen 
entwickelt, die sich mit der Öffentlichkeitsbeteiligung unter zunehmenden Einfluss der 
Entscheidungsfindung auseinander setzt. Im Co-Creation System wurde vor allem die 
Ebene des Empowerments als auch die Ebene der Zusammenarbeit bei der 
Entwicklung berücksichtigt. Aber auch die Ebenen Informieren, Konsultieren und 
Einbeziehen sind Bestandteil des Co-Creation Systems. Zukünftige Forschung könnte 
sich damit beschäftigen, wie sich die jeweiligen Ebenen auf die Individuen auswirken 
und im Co-Creation System zu einer Entscheidung geführt haben. Im Co-Creation 
System wurde das Structural Empowerment dahingehend berücksichtigt, dass 
Individuen eine bessere Möglichkeit hatten an der Entwicklung teilzuhaben und 
dadurch auch eine größere Freiheit bei Entscheidungen und Handlungen mitzuwirken.  
Wohingegen das Psychological Empowerment sich mit der intrinsischen Motivation 
und der individuellen Erfahrung beschäftigt und bisher nicht im Co-Creation System 
gemessen wurde. Zukünftige Forschung könnte sich deshalb mit der subjektiven und 
individuellen Interaktion der Individuen im Co-Creation System beschäftigen.          
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Schlüsselbegriffe: Digitale kollaborative Plattformen, Co-Creation Systeme, Value 
Co-Creation, Bürgerbeteiligung, Empowerment, Dienstleistungssysteme, Digitales 
Lernen, Interaktive 360-Grad Lernumgebung. 
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Abstract 

Purpose: In the public sector, cities as a service system try to take into account the 
expertise of citizens through citizen participation. In this process, participation 
solutions are offered by cities but are not accepted by citizens. In contrast, citizens try 
to submit unstructured proposals to cities. For this reason, citizens need to be involved 
in a structural creation process from the beginning to ensure quality services.  
 
A similar phenomenon can be observed in the private sector in the field of education 
and training. Employees are unable to use the learning material provided by companies 
because it is outdated, unstructured or does not correspond to the actual process. At the 
same time, employees do not have the knowledge to create learning materials. 
Therefore, employees should be involved in a structural creation process from the 
beginning to ensure high-quality learning materials.  
 
To achieve these goals, this dissertation pursues the following objectives: (1) introduce 
different levels of participation as well as components of the service system as a co-
creation system, (2) build and evaluate a digital collaborative participation platform for 
the co-creation of citizen-initiated services in the public sector, (3) build and evaluate a 
digital collaborative learning and qualification platform for the co-creation of situated 
work-process-related learning materials in the private sector, and (4) elaborate 
appropriate service measurement models for quality determination. 

Methodology: Several methodological approaches are used in this dissertation to 
answer the research questions or address the research challenges. At the beginning, 
several systematic literature reviews are conducted so that the different participation 
levels can be distinguished from each other, and the innovation of the digital 
collaborative platform can be based on the analysis of existing co-creation platform 
and participation platforms. Furthermore, several requirements and focus group 
workshops were conducted for the development of the co-creation systems in order to 
be able to pick up the necessary prerequisites from practice as well.  
 
Using design science research and action design research, prototypes of the co-creation 
systems were created in several cycles and evaluated using the FEDS framework and 
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qualitative measurement methods. Qualitative measurement methods included 
interviews, usability testing, video analysis, and concept mapping. 
 
Based on the design principles and the co-creation systems developed, a theory of 
design and action was inductively derived as a new approach to solving an existing 
problem.  
 
Findings: Among many other findings, this dissertation discovers the following three 
core results: 1) insight into how co-creation can be used to create citizen-initiated 
services, 2) insight into how co-creation can be used to create situated work-process-
based learning materials, and 3) a study on how to measure service quality. 
Additionally, this dissertation demonstrates that structural empowerment is a decisive 
factor for the successful implementation of citizen-initiated services or employee-
initiated learning materials. It also demonstrates that there was little to no cognitive 
load due to a structured creation process. Furthermore, the structured presentation of 
learning materials through a 360-degree interactive learning environment had a 
positive impact on learner motivation and performance. 

Theoretical Contribution: The dissertation contributes to theory with a three-step, 
systematic co-creation submission process to support individuals step-by-step in 
creating their own contributions using an innovative, multimedia approach. In contrast 
to existing approaches from literature and practice, individuals are actively and 
collaboratively involved with the implementation of the contributions from the 
beginning. In doing so, the design and knowledge of the co-creation system is used to 
support individuals in the co-creation process. The structured process description has a 
positive effect on the behavior of the individuals during the creation of contributions in 
that they are less distracted. In addition, the quality of contributions increases through 
the structured co-creation creation process, in contrast to existing free-form co-
creation processes.  
 
Likewise, the usage of structural empowerment as the highest level of participation of 
individuals with heterogeneous needs occurs through the implementation of the 
respective co-creation platform. Knowledge of the domain-specific context is 
enhanced through the co-creation platform and prescriptive knowledge for the 
implementation of the co-creation platform through design principles is provided. This 
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not only gives individuals more access to development and information, which also 
ensures higher decisions and actions, but also provides holistic transparency for all 
actors in the co-creation system. 
 
Co-creation platforms extend the existing knowledge base by providing a new 
approach to solving an existing problem and creating an innovative artifact. The result 
of the co-creation platforms is a theory of design and action. Based on design 
knowledge, an explicit instantiation of the co-creation system is provided. In doing so, 
the design principles enable an analysis of real-world changes and the implications of 
the design decision to integrate the co-creation system into existing processes. In doing 
so, a contribution to theory is made both by the steps needed to overcome the 
challenge, based on the knowledge gained from the various development steps of the 
co-creation system, and with the improvement of a known class of problems by the co-
creation system. 
 
Practical Contribution: Providing concrete design principles to shape and develop 
the co-creation system by empowering individuals to create their own high-quality 
contribution constitutes a practical contribution. In the case of the public sector, this is 
done by creating their own services, and in the private sector by creating their own 
learning materials. In both cases, the implementation of the design principles primarily 
shows that the creation of high-quality contributions is done through a structured 
creation process as well as a feedback process. This differs from existing approaches 
in the literature and practice that are free-form and do not follow a structure.   
 
Also, one practical contribution is the co-creation system itself, which encourages 
innovative ideas within the organization and improves the environment through the 
experience of individuals. Considering individuals at different stages of the 
contribution development process, value is generated through the needs of individual 
participants by creative collaboration in a social process. Co-creation differs from 
existing approaches in the literature and practice in that both organizational (top-
down) and individual (bottom-up) expectations and concerns are equally considered in 
the co-creation process from the outset and go beyond the generality of multilevel 
governance. 
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Another practical contribution is the provision of scalable versions of the co-creation 
platforms with the ability for each organization to create and customize its own 
instance. Both co-creation platforms were provided digitally as a white-label solution 
with step-by-step instructions for creation and customization. Unlike existing solutions 
in the literature and in practice, in both cases a scalable version of the co-creation 
system can ensure the operational implementation of a complex topic alongside 
functional feasibility and value generation. 

Outlook: The last-research mile was used to successfully test the functional feasibility 
(proof-of-concept), value generation (proof-of-value), and operational implementation 
of complex issues (proof-of-use) in the co-creation systems. The commissioning of the 
respective co-creation system covers the functional feasibility. The submitted 
contributions through the systematic submission process by the individuals generated 
value, and the provision of a white-label solution to adapt the co-creation systems 
represents a prerequisite for the operational implementation of complex issues. Future 
research could address what effects on individuals occur when complex issues are 
operationally implemented within the co-creation systems. White-label solutions that 
can be digitally applied and adapted with structured instructions serve as the basis for 
implementation. In this context, future research can also test the satisfaction of all 
involved stakeholders with the adapted co-creation system in order to make further 
improvements in the co-creation system.   
 
Although co-creation platforms already exist in the private as well as the public sector 
and individuals are considered as being in the center, in most cases the co-creation 
platforms are developed from a top-down approach. In conjunction with the co-
creation platform, the combination of top-down and bottom-up approaches went 
beyond multilevel governance and involved all beneficiaries equally in the 
development process from the beginning. Future research could look at the efficiency 
and effectiveness of a combined top-down and bottom-up approach to co-creation and 
analyze which factors contribute to meeting the expectations of each user beneficiary. 

With the participation spectrum to promote participation, five levels were developed to 
address public participation under the increasing influence of decision-making. In the 
co-creation system, the level of empowerment as well as the level of collaboration in 
development were mainly considered. However, the levels of informing, consulting, 
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and involving are also part of the co-creation system. Future research could look at 
how each level affects individuals and led to a decision in the co-creation system. In 
the co-creation system, structural empowerment was considered in that individuals had 
a greater opportunity to participate in development and thus also had greater freedom 
to participate in decisions and actions.  However, psychological empowerment is 
concerned with intrinsic motivation and individual experience and has not yet been 
measured in the co-creation system. Future research could therefore address the 
subjective and individual interaction of individuals in the co-creation system. 
 
Keywords: Digital collaborative platforms, co-creation systems, value co-creation, 
citizen participation, empowerment, service systems, digital learning, 360-degree 
interactive learning environment. 
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1 Introduction  

“The only thing that will redeem mankind is cooperation.” 
- Bertrand Russell - 

1.1 Problem Statement 
By 2030, up to 66% of people are expected to live in cities, which would be an 
increase of about 11% since 2018 (United Nations, Department of Economic and 
Social Affairs, Population Division 2019). As a result, the needs of more and more 
people must be taken into account. In this regard, citizens take on the role as experts of 
their daily lives, as they know best what a sustainable city of the future must offer in 
order to live in it. Diverse citizens possess a variety of different competencies, skills, 
and experiences that can contribute to improvement. (Billert and Peters 2018; Billert et 
al. 2019; Billert and Peters 2019; Billert et al. Under Review).  
 
City governments respect citizen expertise and plan to offer a wide range of citizen 
participation. Especially through crises such as COVID-19, cities are increasingly 
offering citizen participation through online channels in addition to offline 
participation offerings (Lindgren and van Veenstra 2018) to also achieve greater 
participation using information and communication technologies (ICTs) (Billert et al. 
Under Review) as well as transformative impact through the use of web technologies 
(Billert and Peters 2018; Lönn et al. 2016). 
 
To ensure that the interaction between citizens and the city administration leads to a 
satisfactory outcome, the invitation to participate by city administrations (top-down 
approach) is not sufficient (van Waart et al. 2016). Therefore, citizen-initiated 
suggestions and ideas (bottom-up approach) must be taken into account from the 
beginning as a participation attempt (van Waart et al. 2016). Thereby, it is important to 
investigate the participation possibilities in order to actively involve citizens as 
decision makers in the governmental decision-making processes and at the same time 
to address the challenge of the city administration. (Pristl and Billert Minor Revision) 
 
Research Challenge 1: Missing knowledge of the co-creation of citizen-initiated 
services.  
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Despite the private or business use of ICT by citizens, e.g., via the provision of 
multimedia elements through social media platforms, the solutions offered by cities are 
not always citizen-centric and do not take up new technologies, which is why modern 
citizen-centric participation solutions need to be offered to citizens as experts of their 
daily lives, to pick up citizens' skills and competences as input in order to improve the 
common daily lives (Billert and Peters 2019; Billert et al. Under Review). It should be 
noted that citizens' behavior is influenced by a direct or indirect lifestyle intervention 
in the design and implementation of the innovative service ideas (Castelnovo 2016a; 
Yeh 2017). (Billert and Peters 2018). 
 
To achieve the goal to include citizens with their expertise in the infrastructure from 
the beginning, the integration of citizen participation requires fundamental changes 
that go beyond technical requirements. This involves using ICT to ensure that citizens 
are actively involved in the planning and development process (Khan et al. 2017) by 
creating their own services and solutions. This requires not only technical design 
components (Paskaleva et al. 2018) but also social and user-oriented design 
components (Olphert and Damodaran 2007a). (Billert et al. 2019, Under Review) This 
also reflects the idea of a smart city, which aims to improve the quality of life of 
citizens through the intelligent use of ICT (Billert and Peters 2018; Pristl and Billert 
Minor Revision). It is also important to consider the sharing of resources in a smart 
city as a service system or co-creation system to provide services more efficiently in a 
socio-economic environment (Letaifa 2015). (Billert et al. 2018; Billert and Peters 
2018).  
 
Existing solutions that take all components into account, however, often fail either due 
to administration-centric workflows (Koptyug 2019), citizen acceptance of 
administration-centric participation solutions (van Waart et al. 2016), or due to the 
missing willingness to integrate on the part of the municipal administration (Billert and 
Peters 2019). Should citizens be involved in the process, it usually does not go beyond 
the idea phase (Letaifa 2015). In addition, there is a lack of transparency and trust 
among citizens and the municipal administration alike. (Billert and Peters 2019; Billert 
et al. Under Review) The need of citizens for openness and legitimacy in urban 
decision-making processes is also reinforced by ICT and leads to citizens' knowledge 
expanding democratic thinking (Kelty et al. 2015). (Pristl and Billert Minor Revision)   
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Research Challenge 2: Missing knowledge of the co-creation of situated work-process-
related learning material. 
 
Work in industrial companies is changing due to increasing digitization (World 
Economic Forum 2018) and automation (Fuller et al. 2020). (Billert et al. Major 
Revision; Weinert et al. Forthcoming) While working conditions can change daily and 
digitization is increasing, employees are the ones facing the strong impact on their 
necessary knowledge and skills (World Economic Forum 2018). This is compounded 
by the future automation of work activities in manufacturing, estimated at nearly 60% 
in the future. This solidifies the need for structured education and training (Ellingrud et 
al. 2020). Most of the training is "on-the-job training" and is related to the skills 
acquired on the job and the decreasing half-life of skills acquired at the workplace  
(Senderek 2016). (Weinert et al. Forthcoming) In this process, work processes and the 
associated materials, documents, and information are digitized, especially in crisis 
situations such as that of the COVID-19 pandemic. This leads to companies looking 
for a way to make the necessary learning material available digitally to employees as 
learners, despite often lacking the technical infrastructure. (Billert et al. Major 
Revision)  
 
However, the learning materials for in-house training rarely meet the requirements of 
the features in the workplace, as the materials are often created by employees who are 
not familiar with the usual practical work processes. In addition, descriptions are 
outdated, problem-solving documentation is unstructured, and there is a lack of 
affiliation between text and action instructions for pictures. Furthermore, the 
knowledge required for work processes is context dependent, which is why existing 
approaches fail. (Weinert et al. Forthcoming) Furthermore, a major challenge is the 
transfer of practical, action-oriented knowledge, e.g., the operability of an industrial 
machine (World Economic Forum 2018). (Billert et al. Major Revision; Billert et al. 
2020).  
 
This knowledge is usually trained directly by experts due to its practical relevance in 
production (learning by doing). However, self-directed learning based on expert 
knowledge currently takes place hardly at all or not at all in the area of education and 
training (Ernst et al. 2016b). This is primarily due to the lack of existing learning 
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materials, which are, however, necessary for self-directed continuing education. The 
change in digital services adds to this, with employees becoming prosumers who 
produce their own learning materials and consume them at the same time (Wegener 
and Leimeister 2012b). Another challenge here is to support employees individually 
during the process of creating learning materials in order to also improve the quality of 
the learning materials (Weinert and Thiel de Gafenco 2020). However, there is not 
enough information in practice as well as in research about how employees can be 
supported in the creation process of learning materials by IT artifacts. (Billert et al. 
2020) Especially here, a structured presentation of learning contributions for beginners 
is conducive to the learning process. (Billert et al. Major Revision) 
 
For the creation of the work-process-related learning material, the concept of co-
creation seems the most optimal (Senderek 2016). The design of situationally adapted 
learning material is done by employees for employees through co-creation and thus 
enables the adaptation of the learning material to the work process (Pletz et al. 2020). 
Unlike generalized learning material, the situated work-process-related learning 
material is available just in time to employees, easy to understand, and thus 
counteracts cognitive overload (Brown et al. 1989; Lave and Wenger 2011). 
 
However, in the co-creation process, employees lack the didactic knowledge to create 
these learning materials (Oeste-Reiss et al. 2016). Moreover, the co-creation process 
often takes place in an environment that is rather hostile to learning (Erpenbeck et al. 
2016; Hackman and Oldham 1975), with additional cognitive load (CL) (Pletz et al. 
2020) and provides insufficient interaction. (Weinert et al. Forthcoming) Furthermore, 
it is unclear how these can be integrated into the process of person-centered services, 
where the service provider and service recipient collaborate to generate value together. 
(Billert et al. 2020)  
 
Research Challenge 3: Limited investigation on measuring service quality.  
 
With the increase in services and the shift from traditional to digital services, the use 
as well as criticism of these services is also increasing, making service quality and its 
measurement an increasingly important role. The time of direct interaction between the 
service provider and the service recipient is the so-called service encounter. Here, the 
service provider can be a person or a system, such as platforms or portals (Glushko 
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2010; Salvendy and Karwowski 2009). The interaction thus takes place between the 
technology and the person, which is why the attributes of the technology also become 
a relevant factor for the quality of the service. Digital transformation and change are 
influencing the requirements for the service provider, as change affects both the 
characteristics and thus the nature of service delivery and the characteristics of service 
quality. However, most of the literature on models and scales focuses only on the 
development of a model or features comparisons necessary for service quality. Thus, 
there is a lack of information on what the models' objectives are and how the models 
can be classified at the service typology level to derive further differences. (Hartwig 
and Billert 2018) As a result, quality measures based on the dimensions of service 
typology can also be argued for.  

Figure 1 summarizes the illustrated research challenges in the dissertation. 

 
Figure 1:  Illustrated Research Challenges in the Dissertation. 

Source: Own figure 

1.2 Solution Statement and Research Questions 
The main goal of the dissertation is to address the research challenges using scientific, 
solution-oriented research that addresses the participation of individuals in co-creation 
systems in the public and private sector as well as the creation of these co-creation 
systems. 

Missing knowledge of the co-creation of citizen-initiated services
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To achieve the stated goal, the dissertation (1) introduces the different levels of 
participation as well as the components of the service system as a co-creation system, 
(2) builds and evaluates a digital collaborative participation platform for the co-
creation of citizen-initiated services in the public sector, (3) builds and evaluates a 
digital collaborative learning and qualification platform for the co-creation of situated 
work-process-related learning materials in the private sector, and (4) elicits appropriate 
service measurement models for quality determination.  
 
The dissertation's design-oriented research focuses on the creation of digital 
collaborative platforms. As service systems, these are co-creation systems for the 
creation of contributions. Here, a distinction is made between the public sector and the 
private sector. In the public sector, the dissertation addresses citizen participation via 
participation levels to empower citizens to systematically create their own initiatives. 
In the private sector, the focus is on the consideration of interaction theory to support 
learners in creating situated work-process-related learning material. Furthermore, the 
dissertation focuses on the service quality of the generated contributions and their 
impact. 

Figure 2 gives an overview of the focus of the dissertation. 
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Figure 2:  Focus of the Dissertation. 

Source: Own figure 

The following research questions are based on the focus of the dissertation and are 
used to address the research challenges and achieve the overall goal of the dissertation. 

 
Research Question 1: What are requirements for systems that empower users to co-
create services? 

In order to be able to answer the first research question, it must first be clarified in 
what way one can participate using ICT. For this purpose, the participation levels of 
Arnstein (1969) are first presented and, based on a systematic literature search 
according to Webster and Watson (2002a) and Vom Brocke et al. (2009a; 2015a), the 
current state of the literature is analyzed and classified. This is to show a deeper 
understanding of the conceptualization and terminology of citizen participation using 
ICT (Pristl and Billert Minor Revision). At the same time, it is also intended to 
identify topics that can be used for further work (Webster and Watson 2002a). Based 
on the evaluated literature, the participation levels can be used as a basis to let citizens 
and cities jointly develop accepted participation services (Pristl and Billert Minor 
Revision). 
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For a joint development of the participation service, it must first be understood how 
co-creation takes place and how the system behind it is structured. In this context, it is 
useful to consider the city system as an extensible and transferable innovation 
ecosystem with its individual interactions of different actors and resources (Billert et 
al. 2018) by first deductively identifying the individual components and interactions 
from the literature. Using IT-based techniques and processes, co-creation can be used 
to collect and generate innovative services or improve existing services. To ensure that 
co-creation can be implemented and managed holistically, and that high-quality 
contributions and services can be guaranteed, it makes sense to combine the results via 
an integrated digital platform. The focus is always on the different possibilities of 
collaboration in order to create a basis for the development of citizen-initiated services 
through the cooperation of the individual actors in the citizen participation process. 
(Billert et al. 2018) 

Table 1 summarizes the research question, method, and results. 

1 What are requirements for systems that empower users to co-create services? 
Method SLR and Deductive Approach  
Results Participation Levels and Components of Co-Creation Service System 

Table 1: Research Question 1. 
Source: Own table 

Research Question 2a: How does a co-creation system have to be designed that 
empowers citizens to co-create services? 

The second research question in the first part is to clarify how a co-creation system has 
to be designed and built so that citizens are empowered to create their own services in 
a co-creation process. Due to the design question, it is first appropriate to use DSR as a 
methodology to consider both the application domain, e.g., with requirements 
workshops, and the literature base, e.g., with systematic literature reviews, iteratively 
in each cycle for designing and evaluating (Hevner 2007). As a co-creation system, a 
platform aims to help citizens develop services or refine existing ones from description 
to solution presentation (Billert and Peters 2018). This involves eliciting requirements 
from both city government staff and citizens (Billert and Peters 2018). In order for the 
services to be implemented, both stakeholders need to work collaboratively and be 
involved in the platform development process (Billert and Peters 2019). Along with 
this, the literature on collaborative service creation should be considered. With the 
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increasing dynamics of change processes and innovation speed in the legally required 
involvement of stakeholders in urban processes, the development process must also 
address and respond to the rapidly changing requirements and changes (Kreuzer and 
Aschbacher 2014). An agile approach lends itself to this, e.g., with the Scrum agile 
process model (Billert et al. 2019). With improved, effective communication to 
increase participation, citizens should be empowered to participate in the creation of 
the citizen-initiated service as well as in the creation of the digital participation 
platform (Billert et al. Under Review). At the same time, this should reduce social 
exclusion and promote the democratic process by equalizing citizens and the city 
(Billert et al. Under Review). For the creation of the digital participation platform and 
to underpin the innovation, it is appropriate to identify existing solutions from the 
literature using SLR and from practice using SPS in order to learn from the best 
practices. This will reveal the contribution to the solution design, benefits, design 
knowledge generated, citizen participation, structural and psychological 
empowerment, and added value of the co-creation platform (Billert et al. Under 
Review).  

Table 2 summarizes the research question, method and results. 

2a How does a co-creation system have to be designed that empowers citizens to co-create 
services? 

Method DSR, Agile Approach, SLR, SPS, Qualitative  
Results Designed and Evaluated Digital Collaborative Participation Platform as Co-Creation System 

Table 2: Research Question 2a. 
Source: Own table 

Research Question 2b: How does a co-creation system have to be designed that 
supports employees in learning services to co-create work-process-related learning 
material? 

The second part of the second research question addresses how a co-creation system in 
the private sector has to be designed and built so that employees as learners are able to 
create work-process-related learning material independently in a co-creation process. 
For the research question, which is also design-oriented, it is appropriate to use DSR. 
Due to the special role of the organization with the existing practice-oriented work 
processes, ADR was also used. In this case, the design-oriented approach should 
derive as many target-group-specific requirements as possible from practice and theory 
(Billert et al. 2020). For this purpose, focus group workshops can be used, for 
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example, in which a group discussion with the potential users of the learning materials 
takes place (Billert et al. 2020). The requirements are created using criteria, e.g., 
according to Chandra et al. (2015), and transformed into design principles. The design 
principles can be used as a guide for designing one's own solution (Billert et al. 2020). 
First, however, learning as a service and the co-creation process by learners as peers 
need to be explained in detail for this purpose. In order to create high-quality learning 
contributions and make them usable in companies (Weinert et al. Forthcoming), the 
co-creation system also draws on insights from learning psychology, i.e., situated 
learning theory (Lave and Wenger 2011), cognitive load theory (Choi et al. 2014), and 
instructional design (Janssen and Kirschner 2020). In this context, the co-creation 
system supports manufacturing in employee-initiated knowledge development as well 
as providing documentation while reducing cognitive load in the work process 
(Weinert et al. Forthcoming). In order to make situated work-process-related learning 
material experienceable, to better convey practice-oriented action instructions and the 
operability of industrial machines, interactive work-process-related 360-degree 
learning environments are suitable (Billert et al. Major Revision). In this context, 
learning content can be designed to be immersive, realistic, and interactive (Fassold 
and Takacs 2019), which in turn has a positive effect on an enhanced learning 
experience (Gänsluckner et al. 2017) and the perception and preparation of learning 
content. A tangible design of the interactive learning environment in learning 
processes improves work processes in corporate training (Billert et al. Major 
Revision). Using an SLR and five interviews with learning service providers, it was 
thus possible to derive various dimensions and approaches for designing a 360-degree 
interactive learning environment (Billert et al. Major Revision). Based on this, a 
framework was developed to implement and evaluate an interactive 360-degree 
learning environment that is able to offer work-process-related knowledge in a digital 
form and to actively motivate learners (Billert et al. Major Revision). 

Table 3 summarizes the research question, method, and results. 

2b How does a co-creation system have to be designed that supports employees in learning 
services to co-create work-process-related learning material? 

Method DSR, ADR, SLR, Qualitative 
Results Designed and Evaluated Digital Collaborative Learning and Qualification Platform as Co-

Creation System 

Table 3: Research Question 2b. 
Source: Own table 
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Research Question 3: How can service quality be measured? 

To answer the third research question, an SLR according to Vom Brocke et al. (2009a; 
2015a) was conducted to measure service quality. In this context, the different 
measurement models are highlighted in terms of objectives and differences at the 
model level (Hartwig and Billert 2018). In addition, the service typology of Jaakkola 
et al. (2017) with the clustering of services into technological complexity and contact 
intensity is used to show the differences between services in terms of the extent of 
physical interaction and use of IT (Hartwig and Billert 2018). This involves reviewing 
and categorizing the existing literature on measuring service quality and discussing 
models based on Jaakkola et al.'s (2017) service type matrix (Hartwig and Billert 
2018). 

Table 4 summarizes the research question, method, and results.  

3 How can service quality be measured? 
Method SLR 
Results Existing Literature on Measuring Service Quality and Discussion of Service Models 

Table 4: Research Question 3. 
Source: Own table 

Several contributions to the research on co-creation systems in the public and private 
sector, as well as service systems in general and service quality, emerge with the 
answers to the four research questions. The research challenges from the previous 
Section 1.1 and the main goal of the dissertation are answered by the following four 
case-specific contributions:  
 

1) Clear delineation of the different levels of participation and characterization 
of service systems as co-creation systems. 
 
2) A new digital participation platform as a co-creation system to the known 
problem area of effective citizen participation with a positive impact on 
 

- Solution Design and Utility plus generated Design Knowledge 
- Citizen Participation 
- Structural Empowerment 
- Co-Creation Platforms 
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3) Promoting employee collaboration in the design of situated work-process-
related learning materials to support corporate training and the development of 
integrative and comprehensive knowledge in the manufacturing industry 
 
4) Listing service measurement models and highlighting the differences 
between digital and hybrid models in terms of the type of service. 

Whereas the overall contribution of the dissertation consists of the following six 
contributions: 

1) Systematic co-creation submission process to support individuals. 
 
2) Application of structural empowerment through the implementation of the 
co-creation platform 
 
3) Co-creation platforms as a theory of design and action 
 
4) Providing concrete design principles to shape and develop the co-creation 
system 
 
5) Co-creation system with a combined top-down and bottom-up 
 
6) Provision of scalable versions of the co-creation platforms 

1.3 Structure of Dissertation 
The dissertation has nine sections and takes up two cases on the creation of digital 
collaborative participation platforms (section 6 and section 7) to answer the problem 
and the objectives described above. Figure 3 gives an overview of the structure of the 
dissertation.   



 

13 
 

 
Figure 3:  Structure of the Dissertation. 

Source: Own figure 

In order to achieve the goals of the dissertation and answer the research questions 
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(Section 2.1), citizen-initiated services (Section 2.2), and work-process-related 
learning material (Section 2.3) in section 2 after the motivation, situation, problem, 
and intended solution approach in section 1. Then, the methodological background in 
section 3, with the most frequently used methods in the dissertation, is explained. 
These include systematic literature review (Section 3.1), design science research 
(Section 3.2), and action design research (Section 3.3). Section 4 uses a systematic 
literature review to show the different levels of participation from a civic and 
governmental perspective. The necessity of combining co-creation and socio-technical 
systems for the equal participation of citizens and governments through the 
implementation of a digital participation platform becomes apparent. In section 5, the 
service system city is analyzed as a socio-technical system with its interactions. 
Subsequently, in Section 6, as a first case, a digital collaborative participation platform 
in the public sector is presented in detail, from the idea to the implementation and 
evaluation. The iterative development of citizen-initiated services (Section 6.1), the 
collaborative development (Section 6.2) and the agile development (Section 6.3) of the 
platform, and the full design and evaluation for citizen empowerment (Section 6.4) are 
detailed. In Section 7, the co-creation and service system are applied to the private 
sector in a second case, building and evaluating a digital collaborative learning and 
qualification platform. For this, the co-creation is first introduced in the context of 
digital learning (Section 7.1) based on requirements workshops. Then, the co-creation 
system for developing work-process-related learning material in manufacturing is built 
(Section 7.2) and made available for presentation via an interactive work-process-
oriented 360-degree learning environment (Section 7.3). Section 8 deals with how to 
measure the created service quality. Finally, the last section, Section 9, presents the 
contribution of this research with theoretical implications (Section 9.1) and practical 
implications (Section 9.2), the overall contribution (Section 9.3) as well as the 
limitations (Section 9.4) and future research implications (Section 9.5) of the 
dissertation.   

1.4 Overview of Publications in Relation to Research Questions 
This dissertation is based on 10 selected research articles, which were written during 
my time as a Ph.D. student. All 10 publications are used by me in whole or in part in 
this dissertation and are appropriately identified in the footnotes before each chapter 
with the substantive contribution to the chapter. The following table includes the 
respective publication, the research question addressed, and the methodology used, as 
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well as the respective output metric. The output metric is composed of the rankings of 
the WI journal list 2008 of the “Wissenschaftliche Kommission für 
Wirtschaftsinformatik” (WKWI) and the VHB JOURQUAL 3 (JQ3) as well as the 
impact factor (IF) according to Clarivate Analytics 2018 and the h5 index (h5) of 
Google Scholar. The output metric, if available, is also provided for research articles 
that are currently still in the review process or have not yet been published. Table 5 
gives an overview of the publications that relate to the research questions. 

# Research Paper Address
ed RQ 

Applied 
Method 

Outlet 
Metrics 

1 Pristl, A.-C.; Billert, M. S. (Minor Revision): Citizen 
Participation in Increasingly Digitalized Governmental 

Environments – A Systematic Literature Review. European 
Conference on Information Systems (ECIS). Timisoara, 

Romania. 

RQ 1 SLR WKWI: A 
JQ3: B 
IF: / 
h5: 26 

2 Billert, M. S.; Li, M. M.; Persch, J. M.; Peters, C.; Leimeister, J. 
M. (2018): Dienstleistungssysteme im Smart City Kontext: 

Herausforderungen, Anwendungsfälle und Lösungskonzepte. 
Arnold, C. & Knödler, H. (Reds), Die informatisierte Service-
Ökonomie (Vol. 1, p. 297–308). Wiesbaden, Hessen: Springer 

Gabler. 

RQ 1 Deductive WKWI: / 
JQ3: / 
IF: / 
h5: / 

3 Billert, M. S.; Peters, C. (2018): Grinding A Diamond - The 
Iterative Development of Citizen-Initiated Services. European 
Conference on Information Systems (ECIS). Portsmouth, UK. 

RQ 2a DSR WKWI: A 
JQ3: B 
IF: / 
h5: 26 

4 Billert, M. S.; Peters, C. (2019): Die Digitalisierungsstraße für 
die Stadt der Zukunft – Kollaborative Entwicklung eines Portals 

für bürger-initiierte Dienstleistungsentwicklung im Kontext 
einer Smart City. HMD Praxis der Wirtschaftsinformatik, 

Ausgabe/Nummer: 56, Vol. 325 - Digitale Zusammenarbeit, 
Erscheinungsjahr/Year: 2019. p. 1–18. 

RQ 2a DSR WKWI: B 
JQ3: D 
IF: / 
h5: / 

5 Billert, M. S.; Peters, C.; Leimeister, J. M. (2019): Agile 
Dienstleistungsentwicklung in einer Smart City – Eine 

Plattform zur systematischen Erstellung digitaler bürgernaher 
Dienstleistungen. Bruhn, M. & Hadwich, K. (Reds), 

Kooperative Dienstleistungen. Forum 
Dienstleistungsmanagement. (p. 431–447). Wiesbaden, 

Germany: Springer Gabler. 

RQ 2a Agile / 
SCRUM 

WKWI: / 
JQ3: / 
IF: / 
h5: / 

6 Billert, M.; Peters, C.; Leimeister, J. M. (Under Review): 
Design and Evaluation of a Digital Participation Platform for 

Citizen Empowerment. Business & Information Systems 
Engineering (BISE). Department “Information Systems 

Engineering and Technology (IS Engineering)”. 

RQ 2a DSR / 
Qualitative 

/ SLR / 
SPS 

WKWI: A 
JQ3: B 
IF: 3.392 
h5: 29 

7 Billert, M. S.; Weinert, T.; Janson, A.; Leimeister, J. M. (2020): 
Co-Creation durch Peers im digitalen Lernen – Wie Plattformen 

und Chatbots die Partizipation bei der Lernmaterialerstellung 
begleiten können. HMD Praxis der Wirtschaftsinformatik, 

Ausgabe/Nummer: 57, Vol. Personennahe Dienstleistungen der 
Zukunft, Erscheinungsjahr/Year: 2020. p. 1–22. 

RQ 2b DSR WKWI: B 
JQ3: D 
IF: / 
h5: / 

8 Weinert, T.; Billert, M.; Thiel de Gafenco, M.; Janson, A.; 
Leimeister, J. (Under Review): Design of a Co-creation System 

RQ 2b ADR WKWI: / 
JQ3: / 
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for the Development of Work-Process-Related Learning 
Material in Manufacturing. Journal of Computer Supported 

Collaborative Work (JCSCW). 

IF: 1.825 
h5: / 

9 Billert, M.; Weinert, T.; Thiel de Gafenco, M.; Janson, A.; 
Leimeister, J. M. (Major Revision): Green Light for the 

Interactive Work-Process-Oriented 360-Degree Learning 
Environment. IEEE Transactions on Learning Technologies. 

Special Issue. Designing Technologies to Support Professional 
and Workplace Learning for Situated Practice. 

RQ 2b SLR / 
Qualitative 

WKWI: / 
JQ3: / 
IF: 3.720 
h5: / 

10 Hartwig, K.; Billert, M. S. (2018): Measuring Service Quality: 
A Systematic Literature Review. European Conference on 

Information Systems (ECIS). Portsmouth, UK. 

RQ 3 SLR WKWI: A 
JQ3: B 
IF: / 
h5: 26 

Table 5: Overview of Publications in Relation to Research Questions. 
Source: Own table 
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2 Theoretical Background 

2.1 Co-Creation Platforms 
Co-creation is the creation of value, also called value co-creation (Zwass 2011), 
through creative collaboration in a social process (Roser et al. 2013) in which 
individuals are actively involved in different phases of the service development 
process (Voorberg et al. 2014). The creation of services (service engineering) aims to 
harness the potential of innovation, quality, and cost effectiveness in a customer-
oriented manner (Leimeister 2020).   

Individuals take on the role of partners in the service development and delivery 
process (Voorberg et al. 2014). The collaboration of several individuals also 
contributes to the value creation of the service (Böhmann et al. 2014). This is also 
called joint venture creation in the literature (Leimeister 2012). Through co-creation, 
the needs of the individuals should be satisfied (Zwass 2011). In addition to 
individuals (people), actors also include the organization with its internal as well as 
external structure. Actors are basically human actors who contribute to the joint 
creation of value, using their knowledge and skills (Böhmann et al. 2014). Individual 
performances and actions as well as the processes of others are influenced by the use 
of knowledge, competence, and skills (Peters et al. 2016). Thus, knowledge as well as 
usage data (information) serves as the basis for interactions between actors with 
technology (Billert et al. 2018). Furthermore, information and communication 
technologies (ICT) are used to provide the service (Billert et al. 2018). ICT can include 
both software and hardware components. ICT can be used to innovate interactions and 
create new information-intensive interactions in service systems (Billert et al. 2018).    

Service systems are the combination of people, organization, information, and 
technology that interact to collectively contribute to mutual benefit (Maglio et al. 
2015). Thus, joint and interactive value creation takes place in service systems or 
sociotechnical systems (STS) (Böhmann et al. 2014). The creation of service systems 
is called service system engineering (Böhmann et al. 2014) and can be done using 
existing methods, process models, tools (Leimeister 2020). In order to create new 
services or to adapt or extend existing services, the information of the context of use 
with the associated principles of interactions must first be analyzed in more detail 
(Billert et al. 2018) before a system can be designed to promote co-creation. In this 
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context, existing interaction channels can be extended to include IT-supported 
interactions (Kleinschmidt et al. 2016b). 

One way to enable co-creation is through digital platforms within institutions that help 
improve individuals' experiences as well as idea innovation (Lipusch et al. 2020). Co-
creation platforms are used by companies to actively engage individuals in the ideation 
and development process (Lipusch et al. 2020). In research and practice, a variety of 
such co-creation platforms already exist both in the private sector, such as reward-
based crowdfunding, toolkits for innovation, or online idea communities (Lipusch et 
al. 2020), and in the public sector, e.g., for urban planning or the collection of new 
ideas (Schmidthuber and Hilgers 2018). Although individuals are considered and 
involved as the center of co-creation platforms, these co-creation platforms emerge 
from a top-down approach. The combination of top-down and bottom-up approaches 
has already been analyzed in general as multilevel governance (Homsy et al. 2019) but 
not in relation to co-creation platforms in the public or private sector. To develop the 
co-creation platform, individuals as beneficiaries should be involved in the creation 
process from the beginning, and both perspectives should be equally considered. 

Co-creation in citizen services with citizen-initiated outcomes 

In the public sector, it is therefore important to analyze both the civic perspective and 
the governmental perspective in the context of co-creation. Establishing a relationship 
between citizens and the government as well as actively involving citizens from the 
beginning should make citizens influential and equal decision-makers throughout the 
democratic process (Arnstein 1969).    

The civic perspective of co-creation is characterized by design based on citizens' 
experiences and expectations of service delivery (Grimsley and Meehan 2007) as well 
as involvement in the public service development process (Castelnovo 2016a). 
Citizens thus become prosumers, creating and consuming their own services at the 
same time. The contribution to the design by citizens based on the information 
provided contrasts with satisfaction and trust (Grimsley and Meehan 2007). In this 
regard, participation often fails due to administrative and cultural reasons rather than 
political obstacles (Ramon Gil-Garcia et al. 2007). However, active citizen 
participation can only be achieved (Linhart and Papp 2010) if the organization's 
leadership agrees to support citizens through functionalities (Saari et al. 2015) such as 
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voting (Lipusch et al. 2020; Schmidthuber and Hilgers 2018) and co-creation 
platforms. 

The governmental perspective of co-creation is about the organization as well as 
policy makers, who see an opportunity in co-creation and the ideal of citizen 
participation as well as the emerging services, efficiency, and professionalism as a 
value proposition (Rose et al. 2015). Involving citizens in the innovation process 
represents open innovation for governments (Feller et al. 2011). To ensure an 
innovative service process, Kuk and Janssen (2013) distinguish between a front-end 
approach, where citizens are more integrated in the processes of collaboration, and a 
back-end approach. Based on the analyzed impact of involving citizens in 
development, Olphert and Damodaran (2007a) propose the use of socio-technical 
systems. 

By actively involving citizens as key actors in the design and implementation of 
services in the co-creation process, cities become complex socio-technical systems 
(Gutierrez et al. 2018). In this context, the technical and sociological development of 
citizen-initiated services requires that requirements are elicited based on individual 
resources (Billert et al. 2018). However, cities did not use digital platforms to 
sustainably harness citizen knowledge and experiences in a co-creation process (Abu-
Tayeh et al. 2018).  

 

Co-creation in learning services with work-process-related learning materials 

Co-creation in teaching and learning is also taking on an increasing role in the private 
sector in business and vocational education and training (VET) (Bovill 2020). The 
reason for this is that learners and teachers become equally entitled as partners in the 
co-creation process (Cook-Sather 2018). In the co-creation process, learners learn from 
each other (Wegener and Leimeister 2012a) and create their own learning materials 
that are conducive to the learning process (Auvinen 2009).  

Value is added to collaborators or learners not only by expanding knowledge based on 
existing learning materials but by participating in their creation (Billert et al. 2020). 
Learners as individuals also draw on existing information in the organization using 
technology to collectively contribute and add value. As prosumers, learners produce 
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their own learning content, which they themselves subsequently consume (Billert et al. 
2020). This leads to the optimization of the work process within the company and thus 
to economic success. 

With the mechanisms and concepts of co-creation, artifacts such as digital platforms 
can thus be created and used so that targeted learning material can be provided by 
learners for learners (Weinert et al. Forthcoming). With co-creation, the quality of the 
learning material benefits from learner input (Oeste-Reiss et al. 2016). According to 
the OECD (2007), learning materials can be identified by the following three 
characteristics: (1) The creation of the learning material occurs outside of the routine, 
(2) creativity is required to create the learning material, and (3) the learning material is 
published on a platform in some way. 

The learning material is developed based on the situation and includes short 
contributions but also comments or discussions (Wegener and Leimeister 2012b). For 
the contributions to be successful, the co-creation process needs to be adapted to the 
context of the learners (Bovill et al. 2016). In this context, the creation of learning 
materials in work processes of the manufacturing industry can be stimulated by 
monetary incentives (extrinsic) as well as motivational incentives (intrinsic) (Weinert 
et al. Forthcoming). For the creation of learning services and the associated learning 
materials, the development requirements must be raised using existing services and 
resources (Billert et al. 2020). In this context, the learner as an individual with their 
skills and knowledge is a crucial factor in the value creation process, especially in the 
interaction with the company (Billert et al. 2020). However, it is precisely the 
inclusion of learners in the design process of learning materials in the work process 
that presents a particular challenge in the co-creation process (Bovill et al. 2016), 
especially via digital platforms. 

2.2 Citizen-Initiated Services 

For citizen-initiated services, it is important to analyze the city service system in more 
detail, as presented in the previous chapter. The organization includes the city as an 
administration as well as all adjacent institutions and companies that work with the 
city (Billert et al. 2019). All user-, use-, and benefit-oriented information as well as 
policies and laws that are important for the city administration and the citizens are part 
of the information component. The technology component includes the ICT necessary 
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to design and technically implement the service (Billert et al. 2019). The actors of the 
service system include the employees of the city administration and the citizens of the 
city, both of whom are prosumers. The interaction between the city government and 
the citizens is particularly important to ensure that the knowledge and ability to create 
services can be used by the citizens as individuals (Billert et al. 2019).  

In the case of service systems, there are also human-centered service systems, which 
are characterized by focusing on human interaction as well as personal services 
(Maglio et al. 2015). Especially in everyday social life, the focused interaction of 
actors during value creation is crucial (Peters et al. 2016; Billert and Peters 2018). 

This is especially true for interactions between citizens in urban processes, which are 
usually fixed and where there is no provision for integrating information and external 
input from citizens (Billert and Peters 2018). In this context, it is necessary to analyze 
existing solutions in advance in order to define the problem as precisely as possible 
and then to be able to fix it (Billert and Peters 2018).   

To design services in human-centered service systems, Kleinschmidt et al. (2016a) 
identified the following seven challenges: (1) lack of predictability and constant 
defining of experiences and expectations in multiple iterations; (2) constant alignment 
of results with planned, individual service delivery; (3) lack of fit of the solution and 
lack of information if the planned solution will be successful; (4) limited design due to 
the lack of intervention in human interaction; (5) steady increase in expectations and 
requirements of the person-centered service also due to the increasing expectation of 
ICT; (6) limitation of ICT due to human interactions; and (7) lack of design knowledge 
despite exchanges with involved stakeholders.   

To counter the challenges, Kleinschmidt et al. (2016a) defined seven appropriate 
solutions: (1) use of focused tools and orientation of service according to iterations, (2) 
incorporating experiences and scenarios from other services to optimize and verify the 
solution, (3) verification of the benefits of the service innovation with the involved 
stakeholders, (4) design of the service based on working implementation approaches of 
existing solutions, (5) early definition of the need and scope of the service innovation, 
(6) coordination of the interaction between actors and technology as well as inclusion 
of implementers of the service system and corresponding business models, and (7) 
conduct independent validation of the service design results by experts. 
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In order to harness the capacity and knowledge of citizens to create the services in the 
service system, citizens must be actively involved in the urban and political planning, 
decision-making, and design process (Hilgers and Ihl 2010). Through citizen 
participation, cities should be shaped into smart and livable spaces (Mueller et al. 
2018).  

Often, current service solutions fail because the workflows and logic stem from an 
administration-centered design rather than a citizen-centered design (Koptyug 2019). 
This also leads to citizens not accepting the services. At the same time, citizen-
initiated solutions may meet an unwillingness of the municipal administration to 
integrate them because the service solutions do not align with existing norms and 
processes (Billert et al. Under Review). In addition, there is a lack of transparency and 
trust on the part of citizens to actively use the service solutions created.   

According to Frecks (2015), the following three factors should be met to ensure 
development through citizen participation: (1) applying a terminology to the policy, 
e.g., through the active participation of citizens; (2) ensuring control over citizen 
participation during the implementation; and (3) defining categories for a common 
understanding of each participation role in the collaboration process through a shared 
vision and relationship (van Waart et al. 2016). 

With the use of ICT and the active involvement of citizens in decision-making 
processes, urban governance should become more inclusive, collaborative, and 
participatory (Naranjo Zolotov et al. 2018). Thus, citizen participation has become 
increasingly important in this regard (Paskaleva et al. 2018), especially in times of 
COVID-19, which also improves the quality of interaction and relationship between 
the city and citizens (Viale Pereira et al. 2017). (Billert and Peters 2018). In addition, 
the optimization of urban processes is expected to achieve sustainability in the city 
(Gabrys 2014). Furthermore, it has a positive effect on the exchange of information 
between citizens and the urban administration to also ensure faster and more efficient 
process flows for both actors (Olphert and Damodaran 2007a). 

Through an open design of the innovation process in the development process, citizen 
participation expands as citizens contribute to idea generation and problem localization 
as well as to implementation, improvement, and quality assurance (Hilgers and Ihl 
2010). This also requires a participatory service delivery system where continuous 
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feedback can be provided to generate citizen-initiated services in a targeted manner 
(Khan et al. 2017). For this purpose, it is important to encourage citizens to participate 
proactively by increasing participation (Olphert and Damodaran 2007a). 

To promote participation, the IAP2 Federation has developed a participation spectrum 
with five levels, where public participation positively influences decision-making 
(Billert and Peters 2019).  

(1) Inform: In order for problems to be solved and solutions to be understood, 
the public is provided with objective and balanced information (see Macintosh 
(2004)).  

(2) Consult: In order to analyze, decide on and obtain alternatives, it is 
necessary to ask the public for feedback (see Phang and Kankanhalli (2005)).  

(3) Involve: To ensure consistent understanding and consideration of the 
public's wishes and concerns, it is necessary to work directly with the public 
throughout the process (see Granier et al. (2016)).  

(4) Collaboration: To identify a preferred solution or alternative, the public is 
seen as an equal partner (see Castelnovo (2016a)).  

(5) Empowerment: Final decision-making is delegated to the public (see 
Gutierrez et al. (2018)).  

To develop a citizen-initiated service, co-creation follows the stages of collaboration 
as well as empowerment. The development of the service itself is collaborative (Billert 
and Peters 2019) but with citizen empowerment in mind. Citizens should be 
empowered to participate in shaping the service (Billert et al. Under Review). 

In empowerment, the aim is to increase the power of individuals so that the goals of 
individuals are achieved more effectively and efficiently (Elmes et al. 2005). There are 
two types of empowerment: structural empowerment and psychological empowerment 
(Spreitzer 2008). 

Structural empowerment deals with services, structures and practices, and policies 
with the premise of changing and adapting them. Furthermore, structural 
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empowerment gives individuals better access to information, resources, and 
developments and more freedom in decisions and actions (Spreitzer 2008). 

Psychological empowerment, on the other hand, addresses the aspect of intrinsic 
motivation as well as individual experiences (Conger and Kanungo 1988; Spreitzer 
1995). It aims to examine the interactions of individuals subjectively and individually 
(Spreitzer 2008). 

2.3 Work-Process-Related Learning Material  

For the creation of work-process-related learning material, it is also necessary to 
analyze the underlying service system. In addition to the creation of learning materials, 
the employees of the company or learners as individuals in the company service 
system expand their own knowledge and thus contribute to the creation of value. In 
doing so, the learners become prosumers who not only create the learning materials 
but also consume them. The company, as an organization, benefits because the 
learning materials contribute to the development and improvement of internal and 
external work processes. This in turn has a positive impact on the economic success of 
the company. Information includes the experience, knowledge, and ability of learners 
as individuals. Using ICT such as digital platforms, an interaction takes place that, in 
addition to the exchange of knowledge, also provides for a goal-oriented integration of 
the process of creating learning materials into the existing work process. For both the 
company as the provider of the service and the learners as the beneficiaries, the co-
creation process creates a positive effect on the newly acquired process knowledge, the 
pedagogical ability to create learning materials, and the provision of the learning 
materials in a context-specific environment. (Billert et al. 2020) 

Work-process-related learning material also includes learners' interactions with the 
learning material. Moore (1989) developed an interaction theory, distinguishing 
between three different interactions: Learner–learner, learner–teacher, and learner–
content interaction. In order to be able to offer structured content to all learners and 
thus promote independent learning, only the learner–content interaction will be 
considered in the following. This involves the interaction between the learning 
material and the learner. (Billert et al. Major Revision) The learner's perspective and 
understanding changes through engagement with the learning material (Martin and 
Bolliger 2018). As the learner becomes more involved in the learning process and 
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motivated, the interaction between the instructor with the learners also improves 
(Oeste-Reiss et al. 2016). To design the learning material interactively, the interaction 
between the learner and the learning material should always be conducted using a 
problem-solving approach in the context of learning (Schweitzer et al. 2011). Given 
this premise, the learning input should be provided with the available and necessary 
interaction elements. Using interaction elements, the learning material can be enriched, 
e.g., by graphical elements like pictures and videos or background information. (Billert 
et al. Major Revision) 

Under the aspect of co-creation, situational work-process-related learning material 
occupies a separate, problematic position (Emerson and Berge 2018; Wegener and 
Leimeister 2012b). The reason for this is that the often non-independent learning units 
of the developed learning material cannot be used independently by the learners 
(Weinert et al. Forthcoming). However, co-creation continues to provide greater value 
to learners through collaborative value creation (Bovill 2020). Thus, learning can still 
be positively impacted by the situational nature of the learning material (Lave and 
Wenger 2011), with knowledge acquisition always being tied to the situation (Brown 
et al. 1989). The situation can be part of a culture, a context, or an activity on the basis 
of which the knowledge is acquired (Brown et al. 1989). Learning materials should 
therefore be developed in a context-specific manner if they are to be used in a co-
creation process (Pletz et al. 2020) and if they are to be used effectively in the work 
process (Lave and Wenger 2011; Pletz et al. 2020; Young 1993). This has the 
advantage that learners can better relate to the learning material when acquiring 
knowledge due to being in a real situation and better understanding the background as 
well as reducing the cognitive load (Ayres 2020). Furthermore, learners do not have to 
focus on two different contexts because the split-attention effect can be avoided by 
referring to the real, familiar context (Tabbers 2002). These ideas are referred to as 
"communities of practice" (Lave and Wenger 1991). Here, the community focuses on 
knowledge sharing within the organization while functioning as a conceptual lens of 
situated social meaning construction (Cox 2005). (Weinert et al. Forthcoming) 

With the situated work-process-related learning material, learners not only have the 
advantage of enhancing their own performance through the co-creation process, but it 
also has a positive impact on the existing work process (Korthagen 2010). Learners’ 
involvement and cooperative participation in a particular context and their 
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collaborative creation and use of learning materials is a situated learning experience 
that follows the socio-constructivist approach to vocational education (La Cámara de 
Fuente and Comas-Quinn 2016; Lave and Wenger 2011). Here, with the constructivist 
approach, knowledge is generated by working through real problems (Gupta and 
Bostrom 2009). The learning process of work-process-related learning material can be 
supported by co-creation by integrating the learners as individuals in the creation 
process of the real work situation, thus providing the necessary reference to the 
situation for the learning material (Weinert et al. Forthcoming). This leads to a positive 
impact on the learning performance of the individuals through the co-creation of 
situated work-process-related learning material. (Weinert et al. Forthcoming) 

The co-creation of work process-related learning material is challenging for learners 
despite its situational nature (Ackerman et al. 2013; Lewkowicz and Liron 2019). 
Using technology, learners in the co-creation process are helped to create the 
knowledge in a structured way (Hoffmann et al. 2019). At the same time, learners' 
cognitive capacities can be limited by technologies, which also limits their ability to 
share practical knowledge, especially in practice-based work (Hoffmann et al. 2019). 
This limitation of the working memory to create effective instructional design is 
reflected in cognitive load theory (Sweller et al. 1998). By using schemas to automate 
actions, otherwise occupied memory capacity is freed up in learners, which in turn has 
a positive effect on the co-creation process for creating situated work-process-related 
learning materials. (Weinert et al. Forthcoming) 

  



 

27 
 

3 Methodological Background 

3.1 Systematic Literature Review 
In order to obtain a current, organized view of the state of IS literature and to be able 
to justifiably identify the necessary research needs or research methods and 
techniques, the method of a systematic literature review according to Webster and 
Watson (2002a), Vom Brocke et al. (2009a), and Vom Brocke et al. (2015a) is 
suitable. 
 
In this process, the desired scope of the review must be determined and defined in the 
first phase (I). Due to the multiple perspectives and scope, the focus and objective 
should be clearly stated. For this purpose, the taxonomy of Cooper (1988) can be used. 
This consists of six characteristics with corresponding categories. While some of the 
categories are mutually exclusive based on perspective or scope, others can be 
combined in terms of goal and focus, organization, or target audience. The first 
characteristic "focus", is concerned with the importance from the reviewer's 
perspective of whether the literature review focuses on research methods, research 
findings, or applications. The second characteristic "objective" deals with whether the 
findings are integrated, critiqued, or summarized. Whether the structure is 
"conceptual", "methodological", or "historical" is to be determined in the third 
characteristic "organization". The fourth characteristic "perspective" is intended to 
reveal whether the reviewer takes a particular position or conducts the research 
neutrally. What audience is involved is determined in the fifth characteristic 
"audience". The sixth and last characteristic picks up on the degree of coverage of the 
sources (central, representative, exhaustive, and exhaustive with selective citation).   
 
The second phase (II) is about the conceptualization of the topic. Based on key terms 
and working definitions, an overview should be created to reflect the state of 
knowledge of the topic and the respective areas. For this purpose, the method of 
concept mapping can be used in which the search terms for the upcoming literature 
review can be identified. 
 
In phase three (III), the actual literature search is conducted. This consists of four sub-
phases. The first sub-phase (1) initially involves a journal search. The focus will be on 
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the highest ranked IS journals (Basket of Eight and BISE) as well as conferences 
(ICIS, ECIS, WI, HICSS) in order to ensure high quality, as the papers usually had to 
go through a review process. In the second subphase (2) suitable databases are 
searched. The databases of the previously defined journals can be used as a starting 
point. The third subphase (3) takes up the keyword search in which search strings are 
created using precise search terms in combination with logical operators (AND / OR). 
The search strings should take into account the previously defined keywords. For each 
query, the search string should be noted to ensure validation by other scientists. In the 
last subphase (4), a forward search and a backward search should be performed. In the 
backward search, the sources of the previously found articles are analyzed and the 
most relevant articles are considered in more detail. The forward search, in turn, uses a 
query on WebofScience1 or Google Scholar2 to check which contributions have also 
cited the existing contribution. In both subphase 3 and 4, articles can be analyzed 
across title, keywords, abstract, and full text.      
 
In the fourth phase (IV), the found literature will be analyzed, summarized, and 
synthesized. Based on the conceptual matrix of Webster and Watson (2002a), the 
found IS literature should be divided into different units based on the topic and 
analyzed to provide an overview of the previous research. 
 
The final and fifth phase (V) builds on the literature synthesis of the previous phase 
and is intended to provide the basis for a research agenda to identify further research 
needs for other researchers. 

Figure 4 summarizes the process of the systematic literature review. 

 
1 https://clarivate.com/webofsciencegroup/solutions/web-of-science/  
2 https://scholar.google.de/ 
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Figure 4:  Process of the Systematic Literature Review. 

Source: Own figure based on Vom Brocke et al. (2009a) 

 

3.2 Design Science Research 
When it comes to the development of sociotechnical artifacts such as support systems 
or digital platforms, the design science research (DSR) method helps (Gregor and 
Hevner 2013a). The applicability of design is directly related to the relevance of IS 
research (Hevner et al. 2004a). New areas of application are being found as technical 
knowledge continues to increase and expand (Hevner et al. 2004a). In the process, 
human problem-solving and organizational capabilities increase, and computational as 
well as intellectual tools are made available (Hevner et al. 2004a). According to 
Gregor and Hevner (2013a), DSR assists in (1) recognizing levels of abstraction of 
artifacts; (2) understanding the role of knowledge in DSR, finding appropriate ways of 
consuming knowledge, producing knowledge as well as preparing scientific papers or 
journal articles; (3) positioning and understanding knowledge contributions of research 
projects; and (4) structuring DSR articles to clarify important contributions to the 
knowledge base. 
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In order to design an artifact solution for the creation of citizen-initiated services or 
work-process-related learning material, the practical and relevant problems as well as 
the previously established scientific findings from the knowledge base have to be 
incorporated. In doing so, I followed the iterative and consistent approach of design 
science research and used the three cycles of design science research (Hevner 2007) 
with the rigor cycle, the relevance cycle, and the design cycle in each iteration of the 
artifact development. 
 
The design activities and the existing knowledge base is linked by the rigor cycle. 
Well-founded theories and methods of the application domain as well as expertise and 
domain experience are transferred by additional knowledge from the knowledge 
database (Hevner 2007). Thereby, the knowledge gained through research and design 
activities expands the knowledge database (Gregor and Hevner 2013a; Hevner 2007). 
The research contributions are the basis for the produced design and ensure innovation 
(Hevner 2007). 
 
The linkage between the design activities, the contextual and practical environment of 
the research projects with its requirements, and the research artifacts of science 
including executed field tests in the environment are transferred via the relevance 
cycle (Hevner 2007). The definition of acceptance criteria for a final evaluation of the 
research results as well as the opportunities from the real application environment and 
the identification of problems are prerequisites for this (Hevner 2007). The joint 
interaction within the application domain aim at the achievement of the objectives 
(Hevner 2007). 
 
Following Drechsler and Hevner (2016), a subdivision of the environment into internal 
and external should be made as both the number of actors involved and the complexity 
of the environment increase. The transfer via the relevance cycle of the immediate 
application context remains the same as in the three cycles of the DSR model. What is 
new is the change and impact cycle, which transfers the content from the 
organizational application context to the design of the artifact and the impact of the 
design artifact.     
 
In close iterations of research activities, the construction and evaluation of the design 
artifacts and processes are designed within the central design cycle (Hevner 2007). By 
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using the requirements, the evaluation of the alternatives takes place. The refining of 
the design is followed by feedback through the design cycle. Until the design can be 
declared as satisfactory, the design cycle is constantly running. The design cycle acts 
independently in creating the artifact, although the design cycle is dependent of the 
other two cycles (Hevner 2007). 

In addition, there should be a good foundation for the comprehensible and subsequent 
evaluation, much like the arguments for constructing the new artifact. The artifact 
should be extensively tested in an experiment or laboratory before submitting 
contributions to the rigor cycle and the relevance cycle. This will also be part of 
further iterations of the digitalization street. All current and future evaluations are 
based on the framework for evaluation in design science research (FEDS) by Venable 
et al. (2016a) to ensure the correctness and accuracy of the design science research 
approach and constant feedback.  
 
The approach consists of four steps. The first step explains the evaluation goals. The 
second step comprises the evaluation strategy to be chosen. In the third step, the 
characteristics of the evaluation are defined, and the last step points out the design of 
the different evaluation episodes.  
 
In order to design a user-, use-, and utility-centered approach, the evaluation will be 
established within the artifact for the development of user-centric and user-initiated 
services. Therefore, I combined the human risk and effectiveness strategy and the 
technical risk and efficacy strategy in order to consider both human and technical 
influences and impacts. 

Figure 5 gives an overview of the four-cycle model of IS DSR. 



 

32 
 

 
Figure 5:  Design Science Research – A four-cycle model of IS DSR. 

Source: Own figure based on Drechsler and Hevner (2016) 

 

3.3 Action Design Research 
To create an IT artifact in an organizational setting and derive prescriptive design 
knowledge, the action design research (ADR) research method can be applied (Sein et 
al. 2011). Here, the focus is on the construction, intervention, and evaluation of the 
artifact and solves both the challenge of (1) constructing and evaluating the IT artifact 
with the typified problem classes, and (2) addressing the problem situation in the 
particular organizational setting (Sein et al. 2011). Furthermore, the research method 
reflects the theoretical antecedent as well as the ongoing use in context and user 
influence (Sein et al. 2011). The ADR method consists of the following four stages: 
(1) problem formulation; (2) construction, intervention, and evaluation; (3) reflection 
and learning; and (4) formalization of learning. 
 
In stage 1 (problem formulation), a perceived problem from practice serves as the 
basis for the research effort. Input from stakeholders, such as researchers, end users, 
and practitioners, or from existing research or technology can be used to formulate it. 
The problem can be analyzed in more detail through an empirical investigation. 
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Furthermore, the extent of practitioner involvement and the roles of these and possible 
research questions can be defined. In doing so, the problem should be identified and 
conceptualized in terms of technologies and theories (Hevner et al. 2004a; Sein et al. 
2011). It is important to note that the problem definition is a class of problems that, as 
a preliminary definition, represent the connection between a broader class of problems 
and the solution to the problem being addressed (Sein et al. 2011). It is also critical to 
ensure that the organization involved is committed for the long term (Sein et al. 2011). 
After identifying, formulating, and narrowing down the problem, knowledge can be 
created based on it. There are six tasks in the phase (Sein et al. 2011): 
 

(1) identify and conceptualize the research opportunity, 
(2) formulate research questions, 
(3) represent the problem as an instance of a class,  
(4) identify contributing theoretical foundations and technological advances, 
(5) ensure long-term organizational commitment, and 
(6) establish roles and responsibilities. 

 
The artifact of the phase is "recognize." Due to the necessary dynamics involved in 
effective competency management, the inadequacies of the existing CMS must be 
recognized (Sein et al. 2011). 
 
In Phase 2 (building, intervention, and evaluation), based on the problem statement 
and premise, the creation of the IT artifact, the intervention in the organization, and the 
evaluation (BIE - building, intervention, evaluation) are performed concomitantly in 
an iterative process. The realized artifact design represents the result. In the BIE phase, 
a continuous evaluation of the artifact and problem takes place as well as the 
formulation of the design principles for the respective system class (Sein et al. 2011). 
Furthermore, it is clarified how the organizational intervention or artifact design 
contribute to innovation. A distinction is made between IT-dominant BIE and 
organization-dominant BIE. (Sein et al. 2011) 
 
In IT-dominant BIE, the focus is on the artifact. This initially involves creating an 
innovative design with practitioners who already have experience with such 
applications and can influence the design (Sein et al. 2011). This is especially helpful 
when there is a limited organizational context. In multiple, continuous interventions, 
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the artifact with its theories (alpha version) can be instantiated and repeatedly tested, 
thereby also promoting organizational engagement. The next cycle takes place in the 
direct application domain and involves a more mature artifact (beta version). (Sein et 
al. 2011) 
 
In an organization-dominant BIE, on the other hand, the organization comes first. 
Here, the design knowledge is generated where the innovation is due to the 
organizational interventions (Sein et al. 2011). Based on the analysis of existing ideas 
and assumptions of the organizational participants, the artifact design is created and 
improved in each iteration. In addition, the artifact is evaluated with associated design 
principles (Sein et al. 2011). The artifact is used directly in the organization, in 
contrast to IT-dominant BIE. A new iteration begins once the artifact is accepted or 
rejected. (Sein et al. 2011) There are four tasks in the phase (Sein et al. 2011): 
 

(1) discover the original knowledge creation goal, 
(2) selection or adaptation of the BIE form, 
(3) execute BIE cycle(s), and 
(4) identify and repeat additional cycles as needed.  

 
In the phase of the BIE, it is distinguished between the alpha version and the beta 
version of the artifact. The alpha version is an artifact where a conceptualized design 
idea is created and the beta version is a VIP prototype where the competency-based 
competency is implemented and the design principles are evaluated. (Sein et al. 2011) 
 
Phase 3 (Reflection and Learning) involves continuous application of what has been 
learned to a broader class of problems based on solution development, in parallel with 
the previous phases (Sein et al. 2011). Here, the process goes beyond solving a 
problem and is intended to encourage deliberate reflection to ensure that identification 
of knowledge contributions can take place (Sein et al. 2011). There are three tasks in 
the phase (Sein et al. 2011): 
 

(1) reflect on the design and redesign within the project, 
(2) evaluate compliance with the principles, and 
(3) analyze the results of the intervention against established goals. 
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The artifact is the "realization" and "emerging version". This involves eliciting new 
requirements and revising the original design principles based on the results of the BIE 
phases for the VIP artifact (Sein et al. 2011). 
 
Phase 4 (Formalization of Learning) is to formalize what has been learned. Based on 
the solution concepts of a class of field problems, situated learning is further 
developed (Sein et al. 2011). This also facilitates the embedding of the problem 
instance into a class of problems (Sein et al. 2011). This involves outlining the realized 
outputs of the IT artifact and describing the organizational outcomes to formalize the 
learning (Sein et al. 2011). Both the design principles and the reflection of the 
refinement of the theories can emerge as outcomes (Sein et al. 2011). There are five 
tasks in the phase (Sein et al. 2011): 
 

(1) abstract concepts for a class of field problems as learned, 
(2) share results and evaluations with practitioners, 
(3) articulate results as design principles, 
(4) articulate learning from selected theories, and 
(5) formalize results for dissemination. 

 
The artifact is the ensemble that embodies the use of CMS through the design 
principles and management guidelines (Sein et al. 2011). 

Figure 6 summarizes the ADR process of the IT-Dominant BIE and Organization-
Dominant BIE. 
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Figure 6:  Action Design Research – IT-Dominant BIE and Organization-Dominant BIE. 

Source: Own figure based on Sein et al. (2011) 
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4 Participation in Increasingly Digitalized Environments3 

This section about a systematic literature review on citizen participation in 
increasingly digitalized governmental environments.  

 
  

 
3 This section is based on Pristl, A.-C.; Billert, M. S. (Submission): Citizen Participation in 
Increasingly Digitalized Governmental Environments – A Systematic Literature Review. European 
Conference on Information Systems (ECIS). Timisoara, Romania. 
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4.1 Introduction 
Due to the permanently increasing urbanism owing to a consistently growing 
population of cities, governments need to face accruing challenges (Caragliu et al. 
2011; Hollands 2008; Cocchia 2014; Brandt et al. 2016). In response to the recent 
demands, the concept of smart cities provides a remedy by “[…] solv[ing] urban issues 
paying attention to the environment” (Cocchia 2014, p. 14). Consequently, smart cities 
are geared towards the enhancement of energy and resource efficacy, the increase of 
the economic competitiveness and the augmentation of livability of municipal 
residents (Jakubowski 2014; van Waart et al. 2016). Another often cited approach 
visualizes the issue smart city with characteristic main aspects namely smart economy, 
smart mobility, smart environment, smart people, smart living and smart governance 
(Caragliu et al. 2011; Jaekel and Bronnert 2012). At this, ICT offers great chances to 
provide citizens with valuable services and transform cities into smart cities (Gagliardi 
et al. 2017; Corbett and Mellouli 2017). This paper singles out the issue of municipal 
involvement of citizens making use of ICT. The importance emerged due to a soared 
need of openness, transparency and legitimacy to decision processes, governmental 
entities need to provide. This enlarged democratic thinking and its impact bred by the 
opportunities from ICT lead on to more weight of voice, expertise and knowledge of 
citizens (Kelty et al. 2015). It implies that it is essential to investigate the arising 
sphere of digitally enabled citizens supporting governmental processes in an active 
manner. Citizen participation is indeed not a newly discovered appearance 
(Damodaran and Olphert 2006), but the incorporation of innovative ICT and freshly 
designed applications using the advanced technological opportunities distinguish the 
development it passed through over the last decades (Olphert and Damodaran 2007a). 
With the scope of smart cities, the power of relevant stakeholders as governments and 
citizens need to be reshaped due to the increased need of interaction between both 
parties for gaining a satisfying outcome. To ensure that this becomes reality, it is not 
sufficient to only consider how to invite citizens to participate, what describes a top-
down initiated approach implemented by the government (van Waart et al. 2016). As a 
counterpart, a bottom-up approach represents a try of participation offering a proposal 
to municipal agents initiated by citizens (van Waart et al. 2016). Hence, it seems to be 
of particular importance to examine, what enables citizens to actively take part in 
governmental decision processes accounted for by the governments’ challenges how to 
get citizens involved. Which types of participation for citizens and governments can be 
found within the literature? As a result, this work aims at investigating the state-of-the-
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art literature concerning citizen participation in the field of ICT focusing on relevant 
influencing aspects using the methodology of conducting a systematic literature 
review. By this means the relevant topic is extrapolated and based on that issues are 
identified, which are auspicious to be worked on in the future (Webster and Watson 
2002a). Thus, it is necessary to conduct this for the current topic of citizen 
participation in order to receive a general overview of research previously done before 
and being able to point out research gaps addressing them to both practitioners and 
researchers. In summary, this systematic literature review firstly contributes to a 
deeper understanding of the terminology and conceptualization of citizen participation 
applying ICT. Second, the developed framework for assessing the composed literature 
provides practical benefit aiding city administrations’ attempts to generate accepted 
participation services in company with citizens. After having gained an extensive 
overview of the state-of-the-art research, it is consistent and literally mandatory to 
quote the uncovered research gaps. Thus, within the discussion section future research 
areas are revealed and addressed. The tabulation of this paper is described as follows. 
First, the underlying theoretical issues are depicted. Afterwards, the methodology of 
the searching process is characterized in detail. Subsequently, the findings are 
presented and discussed, also in front of potential limitations. Finally, a conclusion 
outlines the main insights highlighting future research opportunities. 

4.2 Theoretical Background 

4.2.1 Citizen Participation 

By gaining a generic understanding of the expression citizen participation one will be 
confronted with various approaches how to put the meaning in a nutshell. In order to 
get a profound understanding, it seems necessary to consider umpteen 
characterizations starting with a conceptual distinction. Several researchers use the 
phrase citizen participation within their research contributions (Kelty et al. 2015; 
Frecks 2015; Olphert and Damodaran 2007a), while others apply the words citizen 
engagement (Olphert and Damodaran 2007a; Tritter and McCallum 2006), civic 
engagement (Wastell and White 2010) or public participation (Phang et al. 2015). A 
large number of researchers use the superordinate term e-Government (Atasoy et al. 
2016; Lim et al. 2012; Srivastava et al. 2016; Tan et al. 2013; Venkatesh et al. 2016), 
which is not solely about citizen participation in the narrower sense, but rather 
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incorporates various topics governments deal with in terms of electronic change. One 
less frequently applied expression is open government (Marjanovic and Cecez-
Kecmanovic 2017), whereby this expression is linked to a broader granting of 
transparency, whereby e-Government can be seen as the incorporation of ICT into 
municipal processes (Srivastava et al. 2016). Participation itself is a major research 
area in the light of information systems technologies, which can be about user-
generated content, peer-production, crowdsourcing and right up to citizen enablement 
(Kelty et al. 2015). In describing the inherent meaning of citizen participation one 
general definition published already a few decades earlier cut right to the chase of the 
matter. “Citizen participation is a categorical term for citizen power” (Arnstein 1969, 
p. 216). Accordingly, a reallocation process occurs within previously non-involved 
citizens obtaining authority and the main issue is about the balance of power (Arnstein 
1969). Thus, as another similar conceivable possibility, it can be described as a way of 
including citizens into the democratic process. This implies giving citizens the chance 
to actively take part in policy decision processes in partnership with governmental 
sections (Olphert and Damodaran 2007a). Another approach from a more overriding 
point of view focuses on participation as one topic, which contains the enablement of 
citizens to engage in municipal affairs, besides other forms of co-creating content 
(Kelty et al. 2015). (Frecks 2015) emphasizes the collaborative work based on 
partnership between the government and citizens in order to design products and 
services. Occasionally the expression “e-democracy” is mentioned in respect of citizen 
participation including e-voting and e-participation, respectively, whereby the latter 
includes the dialogue between the aforementioned actors (Macintosh 2004). Due to the 
existing diversity of used expressions and definitions, this literature review is 
constructed utilizing the following understanding of what is understood by applying 
the phrase citizen participation according to the research scope. Citizen participation 
constitutes the incorporation of citizens in democratic processes to attain a fruitful 
mutual relation between citizens and government. 

4.2.2 Participation Levels 

After having brought light into the darkness of defining citizen participation, the 
number of established models concerning municipal engagement needs to be depicted. 
Thereby, models differ in their underlying direction. There are patterns concentrating 
on the depth of participation and offered power to citizens (Arnstein 1969; 
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International association for public participation 2014; Connor 1988; Tritter and 
McCallum 2006), the configuration of co-production between citizens and government 
(Linders 2012; Macintosh 2004) and influencing aspects for nonparticipation 
(Alcántara et al. 2014). One previous research endeavour concerning citizen 
participation yielded to the well-known “Arnstein ladder” characterizing main steps of 
participation levels (Arnstein 1969). It consists of eight stages increasingly organized 
starting with nonparticipation degrees, which are about elected ways of giving citizens 
the feeling that their opinions have impact but literally they are cured through 
hypocritical proceedings. These stages express that the need for participation is treated 
by governmental units as not important and is took off by using harmless versions of it 
not affecting a decision anyhow. Accordingly, three stages of tokenism – informing, 
consultation and placation – affiliate. Indeed, these rungs express the conceded 
opportunity of legitimate citizen participation to some degree, but only to rigorously 
limited extent. Informing in this way is about telling citizens about their rights, 
responsibilities and opportunities, but often without any option of civic feedback. 
Consultation means the explicit invitation to pass a remark, whereby placation 
expresses the ostensible appointment of citizens but without enough power to really be 
able to influence decisions. Finally, real citizen power as partnership, delegated power 
and citizen control reveal true degrees of citizen participation through redistribution of 
power (Arnstein 1969). As the phrase partnership shows, power is indeed way of 
distributed and decisions are made together. One step further, the power is delegated to 
municipal agents by what they can operate partly independent. Lastly, citizen control 
depicts the case that citizens are allowed to control a governmental issue on their own 
(Arnstein 1969). All in all, the whole model superficially expresses the degree of 
participation, which the government dedicates to their citizenry. This delineates the 
amount to which the civic entity takes an active part in the creation of the final 
product. In this context a suggestion for classification – especially constructed for 
practical usage – made by the International association for public participation can be 
mentioned. They apply a spectrum of participation stages similar to Arnstein with an 
increasing impact on the final decision by using two distinct dimensions, the goal of 
the undertaking and the comprised promise to the public (International association for 
public participation 2014). These theoretical inputs reveal proceedings denoted by the 
granting of participatory rights instead of real reciprocal interaction between 
government and citizens. But exactly this can be seen as a pitch within digitalization of 
municipal actors, which needed to be challenged. The evolution those governments 
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passed through by having novel ICT opportunities to interact with citizens relies on a 
soared willingness to collaborate with each other in order to implement the democratic 
thinking (Phang and Kankanhalli 2005). On these grounds the present literature review 
aims at gaining a deeper understanding of the mechanisms urging citizens to actively 
engage in municipal projects. Thereby, aspects concerning both parties – governmental 
issues as well as citizen concerns – should be part of the investigation. 

4.3 Methodology 

For the purpose of conducting the review process in a comprehensive way the 
proceeding is guided by the methods documented by (Webster and Watson 2002a) and 
(Vom Brocke et al. 2015a). At the beginning the review scope is defined (Vom Brocke 
et al. 2009a) using Cooper’s taxonomy (Cooper 1988). The aim of this paper requires a 
focus on research outcomes because the current status of research concerning citizen 
participation in the field of information systems shall be depicted, whereby the goal is 
about the identification of central issues for showing what past research has done and 
therefore what future research can be about. Regarding the perspective this paper aims 
at presenting the results in a neutral way without any interpretations. It is attempted to 
investigate all selected papers for reviewing without any omission but to present not 
all of them individually, which hints at a case of exhaustive coverage with selection. 
All outcomes are displayed conceptually so that the target group consisting of both 
specialized researchers and practitioners and policy makers can easily get the main 
points of the content of each category (Cooper 1988).  

A main requirement of generating a high qualitative literature review is a rigorous 
description of the complete searching process. Hence, a gapless documentation of the 
searching procedure is mandatory due to reasons of replicability. Therefore, the 
literature searching process by (Vom Brocke et al. 2009a) is chosen to adequately 
execute the query. Owing to the issue being reviewed, it appears to be useful to focus 
on journals, which concentrate on research about the area of information systems 
covering the issue “citizen participation”. Only the journals included in the AIS 
“Basket of Eight” and publications from two main conferences (ECIS & ICIS) should 
be contained in the findings. This selection was made due to the high relevance of this 
eight top-ranked journals and subject-specific respective conferences (Webster and 
Watson 2002a; Vom Brocke et al. 2009a). Thus, it can be inferred, that the findings 
depict the current state-of-the-art status concerning digital citizen participation in the 



 

43 
 

area of information systems in an appropriate manner. It was determined, that all 
findings should meet the criteria “peer-reviewed” and should not be published earlier 
than 2007. During the execution of the searching process search strings were generated 
through “litsonar.com” and the databases Ebscohost, AISeL, ProQuest and 
ScienceDirect were examined using the evolved requests. After having selected the 
relevant journals and databases, initial keywords, namely citizen/s participation, civic 
participation, civic engagement and civic involvement were derived from the aim of 
this paper to display research on the contribution of citizens to municipal affairs. They 
were chosen because all describe the same subject and are synonyms of each other. 
After having identified that the primarily used keywords might not yield sufficient 
results new expressions regarding the research area were added. Ensuring from the 
mentioned words, additional keywords were integrated through further inquiry, 
namely civic hacking, participation procedure, public participation, smart city/cities, 
open government, digital participation, collaborative governance, smart urban 
governance, political participation, e-participation/eParticipation/e-
Participation/electronic participation, citizen engagement, participatory design and e-
Government/e-government/eGovernment (Hafeez and Sher 2006). This proceeding 
goes along with an iterative approach of examining the databases (Vom Brocke et al. 
2015a). In order to meet the requirements of the particular database being searched, 
necessary adoptions were performed concerning the used search strings. 

4.4 Findings 

4.4.1 Descriptive Findings 

The accomplishment of the keyword searching procedure resulted in 42 identified 
papers before selection. For conducting the very same thing, analysing the abstracts of 
each of the papers should yield in a rigorous range of only highly relevant papers for 
further analysis and characterization. For analysing, if the generated hits are of 
sufficient relevance, the criteria, which needed to be met, were a research focus on 
citizen participation in combination with the aid of ICT, and an independently 
investigated topic by the authors of a paper with results and contributions (no reviews, 
editorials e.g.). As a consequence, there are the following exceptions based on 
relevance: Two papers were excluded for being an editorial (Hackney et al. 2008; 
Davison et al. 2012), another one owing to its research method, which is a review itself 
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(Bélanger and Carter 2012). Not part of the analysis is the output generated by using 
the keyword “participatory design” due to contentual mismatches (Yang et al. 2012; 
Germonprez et al. 2011) and a work for being a teaching case without own research 
contributions (Beynon-Davies 2009). The same holds for the article by (Fedorowicz 
and Gogan 2009). The research paper by (Malhotra et al. 2013) is excluded for being 
only a preliminary preamble for the appropriate special issue version within the MIS 
Quarterly. The article by (Wastell and White 2010) is excluded, because it is a polemic 
without own research attempts and contributions. The hit by (Srivastava et al. 2007) 
cannot be included since no full text version of the paper could be found. Due to an 
inappropriate content reflecting within the abstract (Atasoy et al. 2016), (Gupta et al. 
2008), (Corbett and Mellouli 2017), (Otjacques et al. 2007), (Henningsson and 
Henriksen 2011), (Cordella and Willcocks 2012) and (Marjanovic and Cecez-
Kecmanovic 2017) were excluded. Consequently, an amount of 25 papers for further 
analysis arose. At that point of research, a backward and forward search was generated 
(Vom Brocke et al. 2009a). This further searching step is guided by the inclusion 
criteria deployed within the previous proceeding, too. In more detail, the journals 
within the AIS “Basket of Eight” have been chosen before served also as criterion of 
quality for the backward and forward search, respectively. Also, the necessity of a 
mention of one of the previously defined keywords within the title, abstract or 
keywords had to be accomplished. However, the covered timespan needed to be 
expanded due to the reason that cited literature is older than the previous hit itself, as a 
matter of course (Vom Brocke et al. 2009a). Furthermore, the papers identified by 
using forward-/ backward search need to meet the criterion of canvassing the topic of 
citizen participation within the field of ICT thereby reporting own research results. 
The forward-search-hits already contained within the first step of searching needed to 
be removed from the list, so that only new papers were added via forward-search. For 
backward-search this had to be checked, too. For conducting the backward-search the 
reference lists of all hits were screened for articles published in one of the AIS “Basket 
of Eight”-Journals or the ECIS and ICIS. Afterwards, the title, abstract and keywords 
of these extracted papers were checked if one of the previously defined keywords is 
included. If yes, a further check concerning the inclusion criteria was accomplished. 
As a result, the remaining hits were included within the review scope. Eventually, 12 
articles were included extracted by backward search and 3 hits by forward search. One 
salient finding accrued from the vast majority of hits published in 2007 in the 
European Journal of Information Systems, which is attributable to the special issue 
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version of the journal at that date. Interestingly, the work authored by (Scott et al. 
2016) is cited by a huge amount of the within this analysis generated hits out of the 
first step of literature searching. Another insight is that a huge amount of the articles 
captured within the previous step of literature search appears by conducting the 
backward as well as forward search. This fact in combination with the result of the 
backward and forward search can be considered as a token of saturation because no up 
to now disregarded articles could be identified (Webster and Watson 2002a). Overall, 
after summing up the hits conducted by the keyword as well as the backward and 
forward search an amount of 40 papers was identified. The appearing years with the 
highest quantity of published articles are 2007 and 2008. There is a standing to reason 
explanation for this event. Within 2007 the European Journal of Information Systems 
published a special issue regarding the topic of e-Government. This implies that a huge 
amount of hits are out of this journal in this year. The peak concerning the year 2008 
can be explained by the appearance of a special issue, too, this time within the Journal 
of Strategic Information Systems (Bélanger and Carter 2012). The results for the other 
years are mostly evenly distributed. Moreover, the mapping of the used research 
methodologies within the findings yielded the following results. Nearly half of the hits 
used case studies to examine their research questions, which is an applicable method to 
research topics concerning ICT usage within public sector operations. This is not 
surprising due to the going up in researcher’s estimation during the past decades in 
information systems research. Although this technique is not clear of problems (Lee 
1989), nowadays the investigation using case studies is an admittedly common 
proceeding (Walsham 1995). The remaining amount used investigation via 
quantitative methods as survey questionnaires. 

 

4.4.2 Thematic Findings 

In the following the results of the literature searching process are analysed and 
synthesized (Vom Brocke et al. 2009a). For conducting the final analysis, a mapping 
of the underlying understanding of citizen participation arising from electronic 
government systems, the primary research objectives as well as the assignment of the 
findings derived from the research endeavour was accomplished. Thus, the out of this 
approach arising conceptual model serves as a guideline for outlining and defining the 
generated hits. For categorizing four classes are suggested: inform, consult, involve 
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and co-create. Retrospectively, the previously mentioned Arnstein ladder admittedly 
affected the choice of the categories, but there had to be made some renewals owing to 
the model been developed some decades before (Arnstein 1969). During the time of 
creation digitalization was far away from its breakthrough. Thus, in combination with 
the research scope of the generated literature and excerpts of Macintosh’s framework 
concerning the element of “level of participation” it is possible to transform the old-
fashioned model, adjust it to today’s necessities and thereby recreate new relevance for 
the participation approach out of the traditional version of Arnstein. As (Macintosh 
2004) refers to three stages of participation starting with “enabling” as providing the 
right information for citizens in an accessible manner, “engaging” depicts the bilateral 
information exchange between both acting parties. The highest level of participation - 
“empowering”- accredits citizens with the power to actively take part in decision 
making processes (Macintosh 2004). Resulting from the theoretical foundation, our 
proposed analytical framework will be briefly described at each suitable step within 
this section. The assignment of the findings to the concept model is based on the 
prevalent definition of what citizen participation constitutes in the opinion of the 
authors within each article mostly located in the introductory part. Moreover, the 
arrangement of all categories into a government-centred and citizen-centred 
investigation perspective serves as a superior subsumption, following the theoretical 
foundations of top-down and bottom-up approaches (van Waart et al. 2016). The 
allocation depended on if the government as an actor is the main subject of research or 
if the general scholarly interest is guided by focusing on civic aspects. 

4.4.2.1 Inform 

The first step of participation is expressed by an act of solely informing citizens, e.g. 
through information webpages or other sources offering information to citizens by the 
government (Arnstein 1969). All findings summarized under this section have a 
conception of citizen participation along with informing citizens in common. 

Governmental perspective 

Starting with the synopsis of the articles belonging to the lowest level of possible 
participation of citizens focusing on the governmental perspective, the paper by (Irani 
et al. 2008) seeks to clarify the issue of how to evaluate with e-Government associated 
issues concerning initiatives. Due to their prior definition on how the authors 
understand the concept of electronic government the viewpoint of informing citizens 
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with appropriate service delivery is underpinned. They state that social factors as the 
involvement of senior executives, clarification of responsibilities, a general adoption 
of digital governance systems as well as responsibilities for evaluation and formalized 
structures for doing so and finally having an overview of evaluation processes is of 
relevance (Irani et al. 2008). (Azad and Faraj 2008) investigate the impact of different 
involved stakeholders on the implementation process of a governmental project for 
enhancing service quality for citizens. Therefore, they applied technology frame 
thinking, ending up with the contribution, that by negotiating upon relevant steps of 
design and implementation a status of truce between related agents is required (Azad 
and Faraj 2008). During the implementation of electronic government information 
services, there appear to be processes of learning within the government as 
organization. (Phang et al. 2008) point out the interrelationships between 
organizational agents and its impact due to change resistance. In respect of the 
development of public information opportunities (Du and Dai 2018) employ the theory 
of reference groups to the progress of electronic government services. They mention 
that the development within one governmental entity is influenced by the stage of 
deployment within other governments, which serves as a reference point due to 
comparable characteristics. Thus, data regarding the recent development in one region 
were used to investigate the influence which is emanated by cities. On the one hand, 
influence is asserted because of comparable traits a government shares with the 
average of referents. On the other hand, the regional proximity seems to matter (Du 
and Dai 2018). Another topic increased information of citizens can benefit is the 
prevention of corruption through electronic government services, which is researched 
according to stakeholder service systems (Srivastava et al. 2016). Outlining successful 
e-government systems implementation, the authors suggest a model using resource 
enactment thinking for determining organizational resources needed (Chan et al. 
2011). (Tan and Pan 2003) explain an approach concerning the needed internal 
transformation while implementing electronic government services offered to citizens, 
providing them with greater access to municipal information. Regarding the evaluation 
of electronic service delivery and investment decisions of governments one research 
attempt exposes a suitable model containing the underlying organizational culture, the 
way who and how a decision is made and the respective evaluation method (Irani et al. 
2005). (Moon and Norris 2005) emphasize the required innovativeness of managerial 
municipal entities and the city sizes as influential aspects regarding the adoption of 
electronic services by the municipality. Finally, (Cordella and Iannacci 2010) refer to 
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the choice and design of used information systems based on prior determined 
electronic government strategy of the respective government. 

Civic perspective 

From the citizen-centric point of view on informing citizens by offering services in a 
digitalized way, (Benbasat et al. 2007) compile a framework investigating the offered 
service quality as important for citizens to participate in governmental services. The 
authors point out that on the one hand the content of the delivered service serves as a 
critical variable but on the other hand the way, how a service is delivered, is 
influential, anyhow. Regarding the adoption of electronic services providing 
information by citizens, (Chan et al. 2010) investigate influential factors for their 
satisfaction. Thereby, they point out that awareness that a digital services is available, 
the compatibility to prior values of citizens, the self-efficacy being able to use an 
online service, the possibility of the service to fulfil changing needs, the avoidance of 
personal interaction with governmental agents, trust in the service system, the required 
time for using the service and available support when having problems with the system 
are of importance for citizen satisfaction (Chan et al. 2010). Another issue facing the 
usage of electronic government services by citizens is about the duration of utilization. 
Thus, (Teo et al. 2008) investigate concerns related to trust concepts determining 
success of websites reached through adoption of them by citizens. They show that trust 
in the government is influential for trust in governmental websites. In turn, the former 
influences quality factors, which relates to the intention to continue usage and 
satisfaction with actual usage (Teo et al. 2008). (Venkatesh et al. 2014) choose as a 
research objective the usage of electronic government information services for the 
public as well, applying the big five personality characteristics and demographic 
variables. They confirm, that usage can be highly predicted by characteristics as 
extraversion, consciousness and openness to new experiences as well as socio-
demographically based income (Venkatesh et al. 2014). Besides the use of information 
services, continuous usage is an important extension. Thus, one finding investigates 
through which influencing variables impact the continuance of usage by combining the 
two-stage expectation-confirmation theory of IS continuance with predictors of the 
UTAUT model (Venkatesh et al. 2011). Concentrating on the service provision of 
information to citizens, the design of such services offering a high service quality is 
subject of research, too (Tan et al. 2013). Focusing on aspects as trust, innovation 
related characteristics and elements of the TAM to give insights in the adoption of 
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electronic information services offered by governmental agencies (Carter and Bélanger 
2005) point out perceived ease of use as well as compatibility and trustworthiness as 
influential factors for citizen information systems. 

4.4.2.2 Consult 

When reaching the next higher step of citizen participation, issues concerning 
obtaining feedback from citizens, letting the public comment upon decisions or plans 
or surveys are examples (Arnstein 1969). Consulting citizens can be seen as a way of 
bilateral exchange of information between government and citizens (Phang and 
Kankanhalli 2005). As distinguished from ‘inform’ the government not only provides 
information but expresses openness to content offered by the public. 

Governmental perspective 

(Mosse and Whitley 2009) focus on the reinterpretation of the citizen as a customer 
out of the view of governmental agents on the issue of benchmarking practices of 
government websites. Thereby, they conceive of integrating citizens in democratically 
processes via enhanced informing through offering governmental information websites 
with multiple functions such as a request function for reciprocal interaction. 
Researched elements of benchmarking include standardized components as imprint, 
contact data and FAQs, traceability of the website, design and navigation patterns and 
performance parameter. Lastly, interaction time with government agents is measured 
(Mosse and Whitley 2009). The authors previously presented a work concerning 
classification and benchmarking issues with a sense of philosophical elements of 
investigation (Mosse and Whitley 2004). The research endeavour by (Lee and Rao 
2012) reveals the impact of source and channel provision of services on the usage of 
web-based governmental services through informing themselves and providing 
information to the municipal agents. To depict the status of currently implemented 
strategies concerning electronic government for citizens’ benefits (Beynon-Davies and 
Williams 2003) propose a model including a supply chain and a customer chain 
approach embedded in an electronic local government model. From the governmental 
point of view (Lim et al. 2012) propose a guideline with recommendations for 
municipal actors for enhancing the trust of citizens in interacting via electronic 
services with their government addressing acceptance issues. Due to the possible 
assignment of the paper by (Kokkinaki et al. 2008) to both researched perspectives it is 
depicted in total within the following subsection. 
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Civic perspective 

From the viewpoint placing citizens in the centre of investigation, (Phang et al. 2015) 
put their research emphasize on taking-part-mechanisms operationalized by online 
policy deliberation forums. Therefore, they not only use the well-investigated aspect of 
motivating current contributors to enhanced participation but to consider the reasons 
for lurkers not to actively take part in the discussion process (Phang et al. 2015). They 
point out, that for lurkers collective benefits are of great importance, whereby 
contributors are highly motivated by political career benefits and political efficacy. 
Skills of citizens are only weakly important for lurkers, as well as persuasion benefits 
and mobilization issues. Lastly, connectivity influences only contributors’ intention to 
take part in an online feedback forum, whereby perceived communality is important 
for both. Besides the expected results, socio-demographic variables as education, sex 
and income level lead to detailed insights. More educated citizens are more sceptical 
about active participation. If focusing on contributors only, especially females accept 
online forums for actively taking part in policy making (Phang et al. 2015). (Bélanger 
and Carter 2008) focus on the impact of trust and risk on the usage of governmental 
systems by citizens understanding their role as users of services offered by the 
government and also as providers of information for governmental usage. By applying 
the TRA, results exhibit, that the deposition to trust affects the trust of the internet as 
well as the government positively whereas the perceived risk has a negative impact on 
trust of the government. Both have influence on the intention to use the electronic 
system (Bélanger and Carter 2008). (Lee et al. 2003) emphasize the adoption of 
electronic services for citizens. Therefore, the authors utilized the TAM applying 
determinants affecting trust in the governmental provider of the service. The 
assignment is made due to the possibility, that citizens can provide information by 
their own to the system enriching it with urgently needed hints by what all 
stakeholders benefit (Lee et al. 2003). As seen before, trust in systems is an important 
research topic regarding electronic services enabling citizens, investigated by (Li et al. 
2008), too. Focusing on the potential uncertainty of citizens regarding electronic 
interaction with governments, (Venkatesh et al. 2016) investigate the impact of trust 
facets and transparency issues on the usage intention in the first step and later on the 
actual use and resultant from this the satisfaction with the usage. Results suggest, that 
usage is determined by information quality and channel characteristics positively 
affecting the reduction of uncertainty (Venkatesh et al. 2016). Entailed by the 
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interaction between governments and citizens, one finding contributes to the 
understanding of the segment of e-payment regarding transaction with governments 
outlining that trust is an important aspect (Treiblmaier et al. 2004). Lastly, a study by 
(Kokkinaki et al. 2008) examines both perspectives – governmental and civic ones. 
Results suggest that the perceptions of what newly arranged electronic government 
services should offer to their users are far from unanimity. Governmental agents 
perceive providing information about services offered by the government as well as 
information on events as highly important, whereby citizens value the possibility to 
submit complaints as most important. Interestingly, both parties rank functions to 
complete a citizen survey and e-voting options as relatively unimportant. However, 
these results have to be treated with respect to the geographical area, where the study 
was conducted (Kokkinaki et al. 2008). 

4.4.2.3 Involve 

Going one step further, citizens can not only comment on governmental issues, but are 
directly involved in specific municipal processes, albeit they are not an active 
constituent of a collaborative team. Nevertheless, citizens’ ideas and opinions are 
treated as valuable sources being integrated. 

Governmental perspective  

Applying the governmental perspective, the strategic planning of governments is 
investigated by applying SWOT technique and the AHP decision-making approach, 
depicting how governments can assign their potential strengths, weaknesses, 
opportunities – in this case increased citizen participation - and threats resulting in a 
priorized decision-making tool (Kahraman et al. 2007). 

Civic perspective 

By considering the civic side of involvement in governmental issues (Scott et al. 2009) 
concentrate on the development of an e-Government success model based on the 
D&M IS Success Model. Therefore, they emphasize the need of a demand side 
perspective for gaining insights in what citizens value as beneficial concerning 
electronic government systems, proposing to do this by applying emphasizes on more 
effective and efficient services and the enhanced democracy aspect, including well-
informedness and impact in decision-making (Scott et al. 2009). Considering potential 
benefits arising from the implementation of electronic government applications, (Scott 
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et al. 2016) investigate the three main purposes of e-Government, namely efficiency, 
effectiveness and improved democracy and their impact on the perception of citizens 
about e-Government success. Focusing on improved democracy as being related to 
citizen participation, the authors suggest validated measurements for e-Government 
success interpreted by citizens, namely trust, well-informedness and participation in 
decision-making (Scott et al. 2016). Lastly targeting citizen-specific aspects, (Chan 
and Pan 2008) employ their approach of utilizing stakeholder theory on clarifying 
mechanisms to achieve and foster user engagement. Thereby, they emphasize the need 
of including citizens in the implementation process of e-government service 
implementations to enhance their later usage (Chan and Pan 2008). 

4.4.2.4 Co-Create 

The highest step of the participation model is about co-creation. Within this, a real 
collaboration process occurs by putting citizens in the role of partaking actors beside 
the government, emphasizing the building of a relationship between governmental 
entities and citizens by enabling citizens to have an influential voice within the whole 
democratic process (Arnstein 1969). 

Governmental perspective  

When considering co-production through citizens with governmental entities putting 
them in front, (Rose et al. 2015) propose a research attempt about value perceptions of 
public sector managers. By emphasizing one inner meaning of electronic government 
as “co-production of policy”, they show four resulting value positions and 
relationships, namely professionalism, efficiency, service and citizen engagement 
ideal, governmental managers need to be aware of (Rose et al. 2015). (Feller et al. 
2011) put a research emphasis on the investigation of innovativeness within e-
Government initiatives due to co-creation of services by governments and citizens. 
They present four resulting categories of open innovation of which one depicts the 
direct integration of citizens within the innovation process (Feller et al. 2011). (Olphert 
and Damodaran 2007a) investigate the impact, which can be generated through the 
participation of citizens towards the development and design of electronic 
governmental services, respectively. By exerting the systems design methodology, 
they extend the model and transfer it to public concerns. Thus, they suggest treating e-
government systems as socio-technical systems, which benefit from the inclusion of 
end-users –in this case citizens (Olphert and Damodaran 2007a). By emphasizing 
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design process aspects of electronic service innovations, (Kuk and Janssen 2013) 
contrast a back-end with a front-end approach, whereby the front-end version displays 
increased citizen voice within the process of collaboration.  

Civic perspective 

(Grimsley and Meehan 2007) investigate the design of electronic government systems 
through applying Moor’s theory of public value in order to determine citizens’ 
expectations and experiences regarding service provision. Thereby, they contrast trust 
and satisfaction with the influence of being well-informed, personal control and 
influence showing that the last named could contribute well to design issues (Grimsley 
and Meehan 2007). (Huang 2007) points out that socioeconomic factors influence the 
adoption and diffusion of e-government systems concerning its development, whereby 
diffusion illustrates stages starting from information, communication, transaction and 
lastly democracy (Huang 2007). Concluding, (Ramon Gil-Garcia et al. 2007) give 
insights in the impediments hindering citizens in participating in collaborative e-
government initiatives, whereby cultural and managerial impediments do affect but 
political impediments do not affect citizens perceived benefits (Ramon Gil-Garcia et 
al. 2007). 

 

The following Table 6 summarizes the research model and appropriate findings. 
 
Stage Requirements Literature Perspective 
Inform Service delivery (Irani et al. 2008), (Irani et al. 2005) Governmental 

Change process (Phang et al. 2008), (Tan and Pan 2003) 
Development  (Du and Dai 2018), (Cordella and Iannacci 2010) 
Implementation  (Chan et al. 2011), (Azad and Faraj 2008) 
Adoption  (Moon and Norris 2005), (Srivastava et al. 2016) 
Service provision (Tan et al. 2013), (Benbasat et al. 2007) Civic 
Adoption/ usage (Chan et al. 2010), (Carter and Bélanger 2005), 

(Teo et al. 2008), (Venkatesh et al. 2014), 
(Venkatesh et al. 2011) 

Consult Citizen as customer (Mosse and Whitley 2009), (Beynon-Davies and 
Williams 2003), (Mosse and Whitley 2004) 

Governmental 

Source/ channel provision (Lee and Rao 2012) 
Acceptance/ trust (Lim et al. 2012) 
Service offerings (Kokkinaki et al. 2008) 
Adoption/ usage (Phang et al. 2015) Civic 
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Trust  (Lee et al. 2003), (Venkatesh et al. 2016), 
(Treiblmaier et al. 2004), (Li et al. 2008), 
(Bélanger and Carter 2008) 

Service offerings (Kokkinaki et al. 2008) 
Involve Strategic planning (Kahraman et al. 2007) Governmental 

Success determinants (Scott et al. 2016), (Scott et al. 2009) 
Civic 

Implementation  (Chan and Pan 2008) 
Co-create Value perceptions (Rose et al. 2015) 

Governmental Innovativeness (Feller et al. 2011), (Kuk and Janssen 2013) 
Inclusion of end-user (Olphert and Damodaran 2007a); 
Service provision (Huang 2007) 

Civic Diffusion  (Grimsley and Meehan 2007) 
Impediments  Gil-Garcia et al. (2007) 

Table 6: Research model and appropriate findings. 
Source: Own table 

4.5 Discussion and Limitations 
The previously depicted results give a profound insight in the research regarding ICT 
enabled citizen participation. As the outcome shows, diverse thematic topics are 
affected, whereby the categories inform, and consult appear to be well-investigated 
ones. Obviously, due to the reached number of findings reflecting each of the stages, 
research regarding involvement and co-creation of citizens with governmental agents 
is fewer discussed yet. As displayed within the initial section, results show that it is 
mandatory to jointly investigate both participating parties – governments and citizens. 
As Macintosh suggests citizen participation can be seen as an underlying issue 
regarding e-democracy (Macintosh 2004) in turn resulting from benefits offered due to 
implementation of electronic governments. The results of the systematic literature 
search signpost that there is still research work to do regarding this topic. The achieved 
hits lack a distinct approach of explicitly dealing with aspects surrounding genuine 
citizen participation expressed through having a say in decisions, whereas many of the 
articles focusing on informing citizens via e-Government services offered by 
municipal agents by digitalizing administrative transactions. A real readiness not only 
to transform municipal structures within novel ICT usage but beyond that activating 
citizens to put their word in the balance in every step of development is missing within 
the current state-of-the-art literature. The appearance of this conclusion may be caused 
by the distribution of the hits concerning the used keywords. The majority of derived 
articles were found by applying the phrase “eGovernment/ E-Government/ e-
Government/ e-government”. It seems as if exactly these papers include content 
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regarding already existing services and transforming them into “online-versions”. This 
may lead to the conclusion, that the utilized keyword does not sufficiently draw a 
likeness of the inner meaning of citizen participation. Otherwise, as described within 
the methodology section several other keywords (including citizen/civic participation/ 
engagement/ involvement) were used likewise yielding to extremely low or no results, 
respectively. Nevertheless, the cognition gained signposts that the state-of-the-art 
literature does not contain comprehensive material about citizen participation, because 
if so, the mentioned keywords would have led to more suitable results. Another issue 
accruing from the analysis is the exploitation of the actual objective of enhancing 
citizen participation for own governmental concerns. Thus, it seems as if providing 
information officiates as an attempt to implement a weak version of participation, 
which expresses the will of the government to let the public take part, but in a 
harmless manner (e.g. (Mosse and Whitley 2009). This insight goes along with 
Arnstein’s perception of lower stages of citizen participation as way of pretending 
citizens to have power whilst indeed they do not have (Arnstein 1969). Following from 
this, citizens are manifoldly interpreted as customers within the identified literature 
(e.g. (Mosse and Whitley 2009; Lee and Rao 2012). Due to this, it appears as if 
governments e.g., use greater sharing in information seen as participation as way of 
positive marketing for government and not as advantageous way for mutual benefiting 
caused by exchange of ideas. The huge amount of identified papers regarding service 
quality, provision and channels where they are offered emphasizes this conclusion 
(Lee and Rao 2012; Tan et al. 2013; Irani et al. 2008; Azad and Faraj 2008; Benbasat 
et al. 2007). Hence, the importance of combining previously mentioned top-down and 
bottom-up approaches is underlined. Moreover, induced by the utilized theoretical 
basis applied within the papers, a great number draw on well-known models as the 
TAM, the TRA or the UTAUT (Lee and Rao 2012; Lee et al. 2003; Bélanger and 
Carter 2008; Carter and Bélanger 2005). Obviously, the gained insights can drive 
research theoretically forward, but it need to be stressed, that beneficial implications 
for practical application need to go further than this. 

The following aspects are mentioned to reveal limitations the proceeded systematic 
literature process underlies. The chosen keywords are based upon the theoretic 
foundation previously characterized. That implies if keywords would have been 
selected grounding on another theoretic fundament, the outcome of the literature 
search process could have been a different one. During the research process other 
suitable possible phrases occur, as “public policy” (Phang et al. 2014), “e-democracy” 
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(Macintosh 2004) “public engagement” (Pang et al. 2014a), “public sector” (Pang et 
al. 2014b) or “citizen coproduction” (Pang et al. 2014b). The choice of the searched 
journals can be challenged as well as the selection of the appropriate databases, the 
handling of the systematically generated hits and the accrued model itself. However, 
against the backdrop of the current research question the proceeding appears 
comprehensible and expedient. 

4.6 Conclusion and Future Research 

The current literature review depicts a goal-driven investigation towards the topic of 
citizen participation within the area of electronic government development. Therefore, 
relevant literature was systematically identified and replicable edited ending with a 
literature scope of 40 retrieved papers. The result is a representative overview of 
research hitherto realized within the field presented as an analytical framework based 
on pertinent theory regarding participation in political contexts. The framework 
utilizes the theoretical background of the Arnstein ladder of citizen participation 
applying it to the background of information systems research enriching it with a 
second dimension mapping the scope of investigation concerning each stage of 
participation. After having assigned the generated and exploited hits of the literature 
search to the framework, it was visible to determine that contributions out of the 
included articles focus on few research areas concerning citizen participation. 
Emerging from the discussion of the results, the necessity arises of conducting 
research in the future explicitly relevant to citizen participation with a crisper 
dissociation of e-government as an overall concept. Contrary to e-Government where 
authors meet a distinct description, citizen participation is lacking this concrete shared 
understanding. Therefore, future research should try closing this gap by emphasizing a 
crisp definition on which research build upon. Moreover, few issues were canvassed 
within current research as determinants affecting trust, adoption, acceptance and usage 
of systems. Certainly, detailed deliberations regarding the integration of citizens in the 
policy process are missing. This insight leads to the requirement of future research to 
be generally guided by the research focus on a true collaboration between citizens and 
government. In the future, research within the field of ICT enabling new ways of 
citizen participation needs to emphasize and denominate the concept of putting 
citizens more in action carrying forward their transformation from citizens to 
customers to co-producers (Gutierrez et al. 2018). Latest findings suggest the 
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implementation of integrated urban platforms including several interfaces through 
which citizens contribute to improved municipal life by being an active part of the 
development (Gutierrez et al. 2018). Furthermore, urban sensors are proposed for 
realization of increased participation as well as living labs and collaborative 
innovation platforms (Gutierrez et al. 2018; Tukiainen T. et al. 2015). These proposals 
express the prospective demand of going one step further in the direction of 
collaboration with citizens by empowering them. 

Beyond all results, a missing connection of the cases to explicitly explained examples 
of citizen participation within initiatives is observable. That implies that literature 
remains vague regarding the implications for this special element of electronic 
government empowering citizens. Arising from this, future research should adduce e.g. 
cases providing insights in citizen participation programs for investigation leading to 
more in-depth contributions suitable for the topic of citizen participation in policy 
making. In closing, the present systematic literature review regarding the latest state of 
the art of citizen participation contributes to the prospective research by guiding future 
endeavours, it could be of practical guidance for city administrations by considering, 
designing and implementing citizen participation initiatives and it transfers a powerful 
theoretical model of participation to the area of ICT. 



 

58 
 

5 Service Systems in the Smart City4 

This section is about the interaction and co-creation of value within the smart city 
service system. 

 
  

 
4 This section is based on Billert, M. S.; Li, M. M.; Persch, J. M.; Peters, C.; Leimeister, J. M. (2018): 
Dienstleistungssysteme im Smart City Kontext: Herausforderungen, Anwendungsfälle und 
Lösungskonzepte. Arnold, C. & Knödler, H. (Reds), Die informatisierte Service-Ökonomie (Vol. 1, p. 
297–308). Wiesbaden, Hessen: Springer Gabler. 
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5.1 Introduction 
In the course of digitalization, citizen participation is seen as an opportunity to achieve 
the desired increase in the scope of participation, which means that municipalities are 
facing ever greater challenges and infrastructural changes (Meier and Portmann 2016). 
In this context, the digitalization of everyday life and the shift towards a civil society 
with a strong need for dialogue, self-actualization, and cooperation offer considerable 
but yet untapped potential to advance the shaping of cities into sustainable, adaptable, 
and livable spaces. In particular, an increasing willingness to participate in the creation 
and provision of services as well as the collaborative use of resources and offerings, 
combined with digital networking, offers the opportunity to create new, needs-based, 
and high-quality services, infrastructures, and projects. (Peters et al. 2018). These can 
strengthen the community, productively involve citizens, satisfy their needs, 
counteract the negative effects of demographic development and thus create more 
livable and sustainable living, working, and recreational spaces. (Hammerl et al. 2016; 
Meier and Portmann 2016).  

Smart cities can be viewed from the perspective of different dimensions, including 
smart mobility and a sustainable environment, a connected, smart lifestyle, and a 
sustainable economy. Another fundamental dimension involves the citizens of smart 
cities, whose expectations and demands are growing. These are also at the same time 
the prerequisite for the success of the other dimensions (Castelnovo 2016b; Letaifa 
2015) 

Due to the smart city concept, there are new business opportunities and thus potential 
services. For example, by 2020, the market based on smart cities is estimated to be 
worth about $1.565 trillion (Castelnovo 2016b). However, it is important to note that 
any direct or indirect intervention in the lifestyle of citizens with the design and 
implementation of new innovative ideas will have an impact on the behavior and 
actions of citizens (Castelnovo 2016b). 

For an efficient development and implementation of services based on citizen 
participation, the current problem of citizens demanding a say in decision-making 
processes must first be analyzed. Currently, citizens are in most cases not taken into 
account in the participation process of business, politics, and administration. This leads 
to dissatisfaction of the citizens, since they are not able to actively participate in urban 
development in order to increase their own quality of life. (Hammerl et al. 2016). 
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In order to develop meaningful new solutions, collaboration between civil society, 
business, and community actors for socially beneficial service innovations is a 
necessary action that should be taken (Hammerl et al. 2016; Meier and Portmann 
2016). 

One possible solution is the establishment of an expandable and transferable 
innovation ecosystem for the cities of the future. On the one hand, a web-based 
innovation ecosystem will be implemented for the collection and generation of 
innovative service ideas as well as for the improvement of existing services. On the 
other hand, IT-supported processes and techniques for joint co-creation (on-site and 
platform-based) by the city, service-providing companies, and citizens will be tested in 
so-called innovation labs. Finally, the results will be brought together on an integrated 
internet platform to enable the holistic implementation and management of co-creation 
and co-production for the development, improvement, and transformation of 
innovative, high-quality services for the smart service city of the future. 

This section aims to convey a first approach to identify the different possibilities of 
cooperation from the different actors in the citizen participation process in the smart 
city. The future participation processes in the city administration should thus be made 
profitable and efficient. 

5.2 Theoretical Background 

5.2.1 Smart City 

In the search for a general definition of smart city, it becomes clear that there are many 
different explanations in the literature. So far, no unified definition of smart city has 
been introduced (Castelnovo 2016b). 

According to Cosgrave et al. (2013), one main component of smart cities is a global, 
constant information access with constant control and constant data collection. This 
involves information and communication technologies (ICT) sensors as well as data 
storage and processing, and the use of mobile devices. In this context, the diverse 
information should significantly simplify the decision-making process of urban 
systems. However, the use of a general top-down strategy in the smart city does not 
lead to the desired result in the long term. The reason lies in the society, people or 
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citizens, enterprises, product ecosystem, and services that shape the smart city system 
as a component of systems. In order to best achieve the selected goal in the smart city, 
a bottom-up strategy should be applied in which individual citizens collaborate in the 
creation of applications and actively participate in the process to creatively solve 
existing problems (Cosgrave et al. 2013). 

Letaifa (2015) Contrasts several definitions of smart city from the literature. One 
definition takes up the aspect of the aforementioned combination of the dimensions 
life, mobility, people, government, environment and economy, as well as that of the 
independent, self-reliant citizen. In contrast, another definition focuses on monitoring 
the existing infrastructure for optimizing safety based on predictive maintenance and 
on an optimal service offering for citizens. 

A common feature of all definitions is the division of the city as a system into 
subsystems, the use of ICT, and the focus on the involvement of individual citizens in 
order to best enhance the quality of life of citizens with the least possible expenditure 
of resources and services (Castelnovo 2016b). In order to be able to offer the 
corresponding services to citizens in a targeted manner, the city service system must 
first be understood and analyzed. 

5.2.2 Service Systems and Services 

Many examples can be given for services in a city: Transportation services such as 
flights and taxi rides, hospitality services such as hotel stays and restaurant visits, 
infrastructure services such as energy and communication provision, and expert 
services such as doctor or lawyer consultations. Although these examples differ 
substantially, they all share common characteristics: They all rely on providers and 
customers working together for mutual benefit. Although there is no universal 
definition, services are characterized by the application of competencies (knowledge 
and skills) for the benefit of another or oneself in acts, processes, and performances 
(Peters et al. 2016). The value creation of the service is done by several actors, i.e., in 
cooperation (value co-creation), and is created in the context (Böhmann et al. 2014). 

Service systems consist of a "network of people, information, organizations, and 
technologies that collectively contribute to mutual benefit" (Maglio et al. 2015, p. 2). 
Service delivery systems are thus complex, socio-technical systems that enable 
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interactive and joint value creation (Böhmann et al. 2014). By configuring actors and 
other resources appropriately, value creation in the service system is made possible 
(Peters 2016). Actor capabilities, interaction, and engagement in the service system are 
fundamental to this value creation. Typically, actors primarily include human agents 
(with knowledge and skills) who participate in the co-creation of value (Böhmann et 
al. 2014). More and more service systems are dependent on technology. 

Interactions enable value creation in service systems. The development of ICT opens 
up the possibilities for the innovative design of these interactions. In particular, the 
spread of stationary and mobile internet access and the development of smart sensors 
allow the development of new forms of information-intensive interaction with service 
systems. Using this information, the possibilities for cooperation and the adaptation of 
services to the context of use can be considerably expanded. However, this requires a 
more detailed investigation of the principles of interaction with service systems and 
their perception by users. In addition, it is necessary to address specific phases of 
interaction, such as the initiation of services or their recovery in case of quality 
problems or conflicts. This can provide the necessary knowledge to develop methods 
of designing interactions with service systems. In this context, the embedding of IT-
enabled interactions into the available interaction channels plays a central role 
(Kleinschmidt et al. 2016b). 

A key effect of ubiquitous information systems is the mobilization of resources for 
interactive value creation in service systems (Böhmann et al. 2014). According to the 
definition of services, there are four different resources in service systems in this 
context. These resources are: 

• People - the actors in the service system are the service providers and service 
recipients. In every service system there is a main beneficiary, usually the 
service recipient. 

• Information - includes user, usage, and context data as well as institutions in the 
service system such as language, metrics, prices, policies, and laws. These are 
the basis of interaction in the service system.  

• Organizations - includes the participating companies and other internal and 
external service systems. 
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• Technologies - includes the information and communication technology (ICT) 
necessary to support the delivery of the service. This can include both software 
and hardware. 

The key to joint value creation is the integration of resources by the participants in the 
service system, such as customers and providers. Coordination of value creation 
occurs through institutions structures or mechanisms that govern social order and 
collaboration. In order to exploit the possibilities of resource architecture and 
interaction, the development and evaluation of IT-based mechanisms and components 
for mobilizing resources must be further developed. Also, the multiplicity of 
interactions with service systems creates new resources, especially information 
resources that users capture and share with others. 

5.3 Service System Smart City 

Value co-creation is indispensable for the creation of value or services. In the smart 
city context, this concerns, among other things, the collaboration of the city 
administration with individual citizens, whose engagement, interaction, and abilities 
are valuable and should be taken into account accordingly. The four different 
resources of service systems in relation to a smart city are listed below and contrasted 
in Figure 7: 

• People - the citizens and the employees of the city, who can be both service 
providers and service recipients. 

• Information - any information about the users and the use of services from the 
perspective of the citizens and from the perspective of the municipality is 
relevant. The existing guidelines and laws of the administration must also be 
taken into account. 

• Organizations - businesses and other internal and external service systems. 

• Technologies - technical implementation to generate and collect service ideas 
and a communication platform. 
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Figure 7:  Smart City Service System. 

Source: Own figure 

Based on the four resources and the focus on residents, a subdivision of the smart 
service city can be made into citizen-to-city and citizen-to-citizen actor relationships 
(Leimeister 2012). Here, citizen-to-city stands for services provided by the city for the 
citizens (city-to-citizen) and suggestions for improvement designed by citizens for the 
city (citizen-to-city). The internal operations of the city (city-to-city relationship) will 
be left out of the further considerations, as the focus in this article is on citizen 
participation. Citizen-to-citizen captures the generation of service by citizens for 
citizens that is carried out independently of the city or in which the city acts only as a 
mediator. Existing city services for citizens are already listed in a service portal in 
some cities. A new approach is to include the suggestions for improvement made by 
citizens for the city and the services provided by citizens for citizens in a portal and to 
offer them in summary form. The citizen portal is a technical implementation for the 
improvement of existing services as well as for the generation and collection of 
innovative service ideas. 

Figure 8 shows the actor relationships of the smart city. 
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Figure 8:  Actor Relationships of the Smart City. 

Source: Own figure 

The aim is to collect ideas for socially desirable, economically productive, and high-
quality services in the smart city context via a tool that is accepted and sustainably 
used by citizens. In particular, this should address motivational and situational aspects 
of the user and, on the basis of these, offer opportunities for citizen participation in 
various forms. Through a bottom-up approach, the citizens, i.e., people who live and 
work in the municipal area, who are most familiar with everyday problems, needs, and 
possibilities for improvement, are to be integrated. Citizens can thus be seen as a 
"sensor" for new service needs and ideas as well as improvement potentials for 
existing services. Through the targeted involvement of citizens in more phases of 
service development (conception, testing, implementation) through the innovation lab, 
new offers can be explored and tested more quickly and effectively than is the case in 
traditional service development. At the same time, it is essential that mechanisms are 
created that allow these offers to be transferred into sustainable structures and 
economically viable solutions. For this purpose, the municipal administration as well 
as professional service providers should be involved. In the following section, the 
three relationships between the actors are illustrated by means of a service example, 
showing the challenges, the service system perspective, and the solution approach. 
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5.3.1 The Service Portal (City-to-Citizen) 

According to Hecht (2014), from the user's point of view, the city's administration sees 
potential for improvement in the online services, service offerings, links between the 
individual, existing service points of the administration, links to the private sector, and 
in the process handling procedures. (Hecht 2014). To counteract this, the concept "My 
digital city hall" is presented in which citizens are offered user-oriented services, and 
contacts are mediated. Accordingly, citizens can interact directly and proactively with 
companies on "My Marketplace" and with the administration on "My Administration". 
The interaction takes place via a mediator, the "Trusted Service Platform" on which 
the citizen can register as a user, and, on the one hand, transmit data via the 
"Document Safe" function and, on the other hand, access the complete range of 
services offered by the administration. Not only the citizens as focused actors can 
benefit from the concept in the long run, but there is also the possibility of an 
exchange between the administration and the private sector companies, which could 
support the administration in document processing and verification (Hecht 2014). 

5.3.2 The Citizen Portal (Citizen-to-City) 

The identification of deficiencies in urban road traffic is associated with a great deal of 
effort and represents an enormous challenge for the city administration and the road 
construction department. One of the many tasks handled by the road construction 
department is, for example, the repair of potholes. Although citizens already have the 
possibility to report grievances of various kinds through different channels, this 
happens only in the rarest of cases. From a service system perspective, it can be seen 
that several communication services already exist: a personal visit from a citizen 
during opening hours, via the post, by e-mail, via an online form found on the 
municipal website, or a hotline during certain office hours of the city. Analysis shows 
that citizens expect easy and user-friendly access via smartphone. Mobile-enabled 
service is one of several options. For city employees, it is essential that accurate 
information about the damage and the location of the grievance is provided. The 
developed KS-Citizen App offers an additional communication channel as a digital 
service, which should reduce the inhibition threshold for citizens to contact the city. 
With the help of geo-referencing and the upload of photos, every citizen is able to 
report simple grievances. This guarantees a fast registration and repair on the part of 
the city as well as a satisfaction on the part of the citizens. The city also benefits from 
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the important additional information provided by the citizens for prioritization and 
work planning in order to continuously increase the quality of life of the citizens. 

5.3.3 The Citizen Portal (Citizens-to-Citizens) 

The alienation and isolation of individual social classes is becoming an ever-greater 
challenge for societies. In order to counteract alienation and a life in an anonymous 
neighborhood and to additionally strengthen the sense of community, services are 
jointly developed and made available by citizens for citizens with neighborhood 
assistance. These services can range from giving away surplus food for a fee (food 
sharing) over tendering help with lawnmowing to joint activities such as language 
lessons. In doing so, the different generations as well as all citizens are equally 
addressed and invited to become a part of the integrative society. Another important 
aspect is the promotion of cultural exchange between citizens with different religious 
backgrounds or with a migration background. The municipality plays the role of 
mediator for the proper functioning and control and does not actively participate in the 
exchange of services between citizens. 

5.4 Conclusion and Future Research 

This article provides an insight into service systems in the smart city context and 
presents the existing challenges, various use cases, and possible solution concepts. By 
presenting the smart city as a service system (Figure 7), a perspective is presented that 
seems to make sense in order to be able to address the challenges presented in a 
holistic manner. By pointing out the actor relationships that are particularly important 
here (Figure 8), both academics and those responsible for citizen participation in cities 
receive assistance in implementing their own initiatives. By adopting the service 
system perspective presented in three current examples, the feasibility of the proposed 
perspective is demonstrated. This is of particular importance in the implementation of 
new forms of citizen participation to be brought closer to and into the decision-making 
processes of city governments. The smart city is considered as a service system in its 
own right, using four resources: people, information, organization, and technology. 
Based on the resources, a subdivision of the cooperation between citizens and city 
employees is made. The initiator–beneficiary relationships, specifically city–citizen, 
citizen–city and citizen–citizen, serve to develop new solution concepts such as a 
citizen portal for the collection and generation of innovative service ideas as well as 
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for the improvement of existing services. In doing so, citizens actively participate in 
the process of developing the city administration, on the one hand, and, on the other 
hand, in the development of services for other citizens from which they themselves 
ultimately benefit. There are many starting points for further research: be it the design 
of corresponding business models or the identification of well-functioning patterns in 
the context of the smart city or their collation (Peters et al. 2015b) as well as in their 
collaborative development (Simmert et al. 2017). In addition to the analysis of 
activation elements of citizen participation, another interesting need for research is the 
development of user-oriented services and the associated new relationships between 
the individual actors. 
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6 Case I – Digital Collaborative Participation Platform in the 
Public Sector5 

“Democracy means decision by those concerned.” 
- Carl Friedrich Freiherr von Weizsäcker - 

This section about the development and evaluation of a digital participation platform 
as a co-creation system for citizen empowerment in order to support the co-creation of 
citizen-initiated services. 

 
  

 
5 This section is based on  
(1) Billert, M. S.; Peters, C. (2018): Grinding A Diamond - The Iterative Development of Citizen-
Initiated Services. European Conference on Information Systems (ECIS). Portsmouth, UK.  
(2) Billert, M. S.; Peters, C. (2019): Die Digitalisierungsstraße für die Stadt der Zukunft – 
Kollaborative Entwicklung eines Portals für bürger-initiierte Dienstleistungsentwicklung im Kontext 
einer Smart City. HMD Praxis der Wirtschaftsinformatik, Ausgabe/Nummer: 56, Vol. 325 - Digitale 
Zusammenarbeit, Erscheinungsjahr/Year: 2019. p. 1–18.  
(3) Billert, M. S.; Peters, C.; Leimeister, J. M. (2019): Agile Dienstleistungsentwicklung in einer 
Smart City – Eine Plattform zur systematischen Erstellung digitaler bürgernaher Dienstleistungen. 
Bruhn, M. & Hadwich, K. (Reds), Kooperative Dienstleistungen. Forum Dienstleistungsmanagement. 
(p. 431–447). Wiesbaden, Germany: Springer Gabler. 
(4) Billert, M.; Peters, C.; Leimeister, J. M. (Under Review): Design and Evaluation of a Digital 
Participation Platform for Citizen Empowerment. Business & Information Systems Engineering 
(BISE). Department “Information Systems Engineering and Technology (IS Engineering)”. 
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6.1 The Iterative Development of Citizen-Initiated Services 

6.1.1 Introduction 
With the world's population estimated at 9.8 billion in 2050 (United Nations, 
Department of Economic and Social Affairs, Population Division 2019), cities face 
major challenges in terms of livelihoods, competitiveness, growth, and performance 
(Letaifa 2015). Governments hope, on the one hand, to preserve the knowledge of 
citizens through participation and to involve citizens in political decision-making 
processes in order to improve decision-making for themselves and, on the other hand, 
to achieve a transformational effect through the use of web technology (Lönn et al. 
2016). Furthermore, the digitalization of everyday life offers the following advantages 
for a civil society with a strong need for dialogue, self-realization, and cooperation: 
there is a considerable untapped potential to drive forward the design of cities into 
sustainable, versatile, and liveable areas (Castelnovo 2016c). To counteract this and 
increase the sustainability and performance of cities, the concept of a “smart city” is to 
be pursued. It will provide resources and services more efficiently to citizens, public 
authorities, and businesses in a new socio-economic environment (Letaifa 2015). In 
particular, a growing willingness to participate in the creation and provision of 
services as well as in the joint use of resources and offers, combined with digital 
networking, offers the opportunity to create new high-quality services, infrastructures, 
and projects that meet the markets’ needs (Peters et al. 2018). These can strengthen the 
community, involve citizens productively, satisfy their needs, counteract negative 
effects of demographic development and, thus, create more viable and sustainable 
living, working, and recreation areas (Castelnovo 2016c).  
 
In the search for a general definition of “smart city”, it becomes clear that there are 
many different explanations in literature. No uniform definition of a smart city has 
been introduced so far (Castelnovo 2016c). According to Cosgrave et al. (2013), a 
major component of smart cities is a worldwide, continuous access to information with 
constant control and data acquisition. This applies to information and communication 
technologies (ICT) sensors as well as data storage and processing and the use of 
mobile devices. For effective service delivery, governments rely on e-government 
approaches using new ICT to ensure a positive change in the quality of life and public 
value creation (Paskaleva et al. 2018; Peters et al. 2018; Yeh 2017). The use of ICT 
alone is not enough to transform a city into a smart city (van Waart et al. 2016). Smart 
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cities have underwent a change from a focused technological infrastructure to the use 
of intelligent technologies for service development through the use of citizens and an 
intelligent administrative government (Paskaleva et al. 2018).  
 
By smart city I mean, in a narrower sense, the intelligent use of ICT for a better quality 
of life for citizens. Citizens are actively involved in the development and design of 
services as participants and experts of their everyday life and new forms of citizen 
participation are encouraged.  
 
The “smart city” concept opens new business opportunities and potential services. In 
2020, for example, the market, which is being created on the basis of “smart cities”, is 
estimated to be worth about 1.565 trillion dollars (Castelnovo 2016c). It should be 
noted, however, that any direct or indirect intervention in the lifestyle of citizens with 
the design and implementation of new innovative ideas may affect the behavior of 
citizens (Castelnovo 2016c; Yeh 2017). In most cases, citizens are currently not 
involved in the participation process of business, politics, and administration. If so, in  
most cases  current forms of citizen participation stop at the idea phase of service 
engineering (Letaifa 2015). For this reason, governments are looking for a new way to 
actively involve citizens in decision-making processes. However, the top-down 
approaches fail as the government's invitation to participate is not accepted by citizens, 
while citizens fight against bottom-up approaches for the attention and support of 
governments (van Waart et al. 2016).  
 
The unexploited potentials of citizens as experts of their everyday life and the new 
business opportunities concerning the smart city lead to the following research 
question (RQ): How can an IT artefact support citizen-initiated services in the context 
of smart cities?  
 
To answer the research question, I establish an extensible and transferable portal, 
which guides citizens to refine and further develop their own services from the 
description to the solution presentation. This is comparable to grinding a rough 
diamond into a high-grade diamond. In return for that, I use a design science research 
approach for building and providing an artefact, which is an IT-supported process for 
the development of citizen-initiated services on a so-called digitalization street. The 
building as well as the evaluation of the artefact is the iterative development of the 
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digitalization street in combination with a requirement elicitation workshop. The 
workshop-setting is carried out with experts from the city administration of two major 
cities as well as employees of university institutions and companies. The application of 
the artefact is the pass through the digitalization street.  
 

In this research in progress paper, I first give a theoretical background of citizen 
participation and service engineering. In the next section, I explain our design science 
research methodology, which is based on the three cycles of design science research 
(Hevner 2007) for developing our artefact. The evaluation of the artefact is based on 
the FEDS framework, which is a framework for evaluation in design science research 
(Venable et al. 2016a). After that, I present our artefact with its five modules. 
Subsequently, I demonstrate future research possibilities and further development of 
the artefact including its limitations. Finally, I give a summary of our findings in our 
conclusion and an outlook of theoretical as well as practical contributions. 

6.1.2 Theoretical Background 

6.1.2.1 Citizen Participation 

The role of the citizen has changed in recent years from passive to active players, so 
that citizen participation in general has come into the focus of city development. 
Citizens' participation means the active participation and integration of citizens in 
urban and political planning and decision-making processes (Hilgers and Ihl 2010). 
Citizen participation aims to make urban areas more liveable and intelligent (Mueller 
et al. 2018). Frecks (2015) has identified three important factors that have to be 
fulfilled in the development of citizen participation. The first factor is the existence of 
a terminology that can be applied to policy. In this case, it would be active citizen 
participation in government work. The second factor is that participation control is 
guaranteed for citizens during implementation work. In the third and last factor, a 
common understanding of the individual participation roles in the cooperation process 
is to be defined by categories. This requires a systematic change in the relationship 
between citizens and political institutions as well as a common vision (van Waart et al. 
2016). In doing so, a cooperation between citizens and public institutions takes place 
to contribute to public value creation and to refine the decision-making processes. 
Involving citizens in decision-making processes through the use of information and 
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communication technologies (ICT) has the aim to make city administration more 
collaborative, integrative, and participatory for instrumental and intrinsic purposes 
(Naranjo Zolotov et al. 2018) and to improve the quality of the relationship between 
citizens and the city administration (Viale Pereira et al. 2017).  

For both citizens and the government, participation systems in the e-government sector 
have a positive effect on convenient and diverse access for users, the exchange of 
information between authorities and services, and the efficient and faster process flow 
(Olphert and Damodaran 2007b). The approach of open innovations is also included in 
the development processes: It aims to achieve an open design of innovation processes. 
This expands the approach of citizen participation by not only drawing on citizens' 
potential for problem localisation and brainstorming, but also on the potential for 
implementation, quality assurance, and continuous improvement (Hilgers and Ihl 
2010).  

In order to support both approaches and give citizens the opportunity to develop their 
own innovative projects, thus, facilitating communication with the city administration, 
and to ensure real-time feedback and generate citizen-initiated projects, a suitable 
participatory system is necessary (Khan et al. 2017). Continuous improvement based 
on a limited rationality of available information usually slows down radical 
innovations in the development process. An overcoming of the limited search is 
controlled by means of open calls for tenders by submitting contributions on the basis 
of the broadcast search and is in connection with citizen sourcing. Citizen sourcing 
uses new principles from the public sector to shape the relationship between citizens 
and urban / political institutions in a different way. Existing tasks from the public 
sector are outsourced and transferred as an open design to an undefined, often large 
group of people. The integration of external input and information into public affairs 
and problem solving is unclear (Hilgers and Ihl 2010).  

As experts of their everyday lives, citizens have an untapped potential that needs to be 
developed. City administrations are facing an ever-increasing challenge when it comes 
to the involvement of  citizens in the creation and provision of services in city 
decision-making processes (Schmidthuber et al. 2017b). City administrations resort to 
crowd sourcing and outsource existing tasks to undefined large groups of people 
(Hilgers and Ihl 2010). The principle of crowdsourcing is used here whenever a system 
owner has a problem processed by the crowd (May and Ross 2018). Applied to the 
public sector, crowd-sourcing is called citizen sourcing and aims to create citizen-
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oriented services (Lönn et al. 2016). In this context citizen sourcing is often associated 
with citizen science, where in a broader or scientific context the citizen is seen as a 
sensor (May and Ross 2018). An opportunity in Citizen-sourcing lies, on the one hand, 
in the cost-effective possibility for citizens to contact the government directly via web 
technology and, on the other hand, governments are inspired by the distributed 
development of services via the crowd to use new possibilities (Abu-Tayeh et al. 
2018). 

6.1.2.2 Service Systems Engineering 

There are many examples of services in a city: transport services such as flights and 
taxi journeys, hospitality services such as hotel accommodation and restaurant visits, 
infrastructure services such as energy and communication provision, and expert 
services such as medical or lawyer's consultations. Although these examples are very 
different from each other, they all share the same characteristics: they all depend on 
suppliers and customers working together for mutual benefit. Even though there is no 
universally accepted definition, services are characterized by the application of 
competences (knowledge and skills) for the benefit of others or oneself in actions, 
processes, and services (Peters et al. 2016). The added value of the service is created 
by several players in cooperation (value co-creation) and is produced in the context 
(Böhmann et al. 2014).  

The service systems consist of "configurations of people, information, organizations 
and technologies that operate together for mutual benefit" (Maglio et al. 2015, p. 2). 
Service delivery systems are therefore complex socio-technical systems that enable an 
interactive and joint creation of value (Böhmann et al. 2014). By appropriately 
configuring actors and other resources, value creation in the service system is made 
possible (Peters 2016). Stakeholder skills as well as the interaction and engagement in 
the service system are fundamental to this value creation. Typically, the main actors 
are human agents (with knowledge and skills) who participate in the common creation 
of value (Böhmann et al. 2014). Value co-creation is indispensable for the creation of 
added value and services. In our case, the people are the citizens and employees of the 
city and can be both service providers and users. The information is any information 
about users and the use of services that are relevant from the citizens’ and the city 
administrations’ point of view. The existing guidelines and laws of the administration 
must also be observed. The organizations are companies and other internal and 
external service systems. The technology component consists of the technical 
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implementation for the generation and collection of service ideas as well as a 
communication platform. In the smart city context, this concerns inter alia the 
cooperation of the city administration with the individual citizens, whose commitment, 
interaction, and ability are valuable and should be taken into account accordingly.  

A special kind of service systems are human-centered service systems. These are 
focused on personal services and human interaction (Maglio et al. 2015) and differ in 
the way the actors interact with each other during the creation of value. Thus, they 
play a decisive role in everyday life and society (Peters et al. 2016).  

In order to communicate the value of a service system to service designers and 
customers in an understandable way, the generation of services and marketable 
information can take place on the basis of a company’s value-added components 
(Kleinschmidt et al. 2016a). This usually takes place in a business model in which the 
relevant activities of an enterprise are presented in a simplified and aggregated manner 
(Kleinschmidt et al. 2016a).     

6.1.3 Research Approach 

I follow a design science research approach (Hevner et al. 2004a) and explicitly 
consider and implement Hevner's (2007) three cycles of design science research, i.e., 
the relevance cycle, the rigor cycle, and the design cycle for the iterative development 
of our artefact. The relevance cycle creates a link between the requirements of the 
contextual practical environment of the research projects, the design activities as well 
as the research artefacts of science in which environmental field tests are carried out 
(Hevner 2007). This presupposes on the one hand the identification of problems and 
opportunities from the real application environment and on the other hand the 
definition of acceptance criteria for a final evaluation of the research results (Hevner 
2007). The achievement of the objectives is achieved through the joint interaction of 
technical systems, organizational systems, and persons in the application domain. The 
rigor cycle establishes a link between the existing knowledge base and design 
activities. This means that additional knowledge from the knowledge database is 
transferred, on the one hand, from domain experience and expertise and, on the other 
hand, from well-founded methods and theories of the application domain (Hevner 
2007). The knowledge database is constantly being expanded by the knowledge gained 
through research and design activities (Gregor and Hevner 2013a). In order to ensure 
innovation, the produced design must be based on research contributions (Hevner 
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2007). The central design cycle focuses on the construction and evaluation of the 
design processes and the artefacts to be designed in a close iteration of research 
activities (Hevner 2007). The evaluation of the alternatives takes place by using 
requirements. Another element in the design cycle is the feedback that follows to 
refine the design. The cycle is run through until the design can be declared 
satisfactory. Note that although the design cycle is dependent on the other two cycles, 
it acts independently in creating the artefact (Hevner 2007). Furthermore, the 
arguments for constructing a new artefact as well as the subsequent, comprehensible, 
and very good evaluation must be very well-founded. Before carrying out the field 
tests and submitting contributions to the relevance cycle and rigor cycle, the artefact 
should first be extensively tested in an experiment or laboratory. In the development of 
the digitalization street, I underwent an iteration to provide a framework for the 
provision of citizen-initiated services. The iteration included a relevance cycle, a 
rigorous cycle, and a design cycle. On the one hand, the necessary information were 
transferred from the knowledge base via the rigor cycle and, on the other hand, from 
the environment via the relevance cycle to the development of the digitalization street 
in the design cycle. The knowledge base contains existing methods and instruments for 
analyzing and creating services. After the iteration, the knowledge base was expanded 
with the resulting connections of methods and instruments. At the environment, the 
elicitation of needs was collected via a requirement elicitation workshop conducted by 
us. In the offline workshop setting, I involved 12 experts to go through the 
digitalization street. Five experts were from the city administration of two major cities, 
another five were employees of two universities, and the last two were employees of a 
software company. The aim of the workshop was to evaluate and validate the 
digitalization street by experts, to validate digital ideas at an early stage, to gather 
requirements as well as to get rapid feedback on how to optimize the individual steps 
of the digitalization street. The result of the design cycle – the digitalization street with 
its five steps – will be explained in more detail in the next chapter. The evaluation of 
the artefact is based on a framework for evaluation in design science (FEDS) Research 
(Venable et al. 2016a) and will also be part of future research. 
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6.1.4 Artefact Description 

6.1.4.1 Problem Identification & Motivation 

However, in the current status it is unclear how external input and information by 
citizens are embedded in city administration processes. This means that the 
development from citizens’ input to already usable concepts or even ready-made 
services is a prolonged and constant digitalization process. The citizen’s input before 
the first step is comparable to the process of modifying the carbon into a rough 
diamond. In order to get from a rough diamond to a high-grade diamond, a well-
thought-out service, it takes a few steps of grinding work until the desired result of a 
high-quality specific service is finally achieved. This requires that the problem 
statements and the challenges of existing solutions will be analyzed in advance to 
create an appropriately adapted basis for creating services. Kleinschmidt et al. (2016a) 
identified seven core challenges in the context of human-centered service systems and 
corresponding business models using service design, business model design and 
human-centered service systems. (1) In order to coordinate the existing components in 
the service system, experience and customer expectations must be defined on the basis 
of several iterations. This problem is assigned to service design and requires a high 
demand on resources for the definition. (2) In service design, the definition of the 
standard service is not comparable to the individual provision of personalized services 
but takes place between the service providers. The ability to plan individual service 
provision can therefore not be guaranteed. This can lead to too many exceptions in the 
service process due to standardized service provision and also requires a constant 
comparison of the results. (3) In the area of business model design, the solution 
product is not checked for accuracy of fit, which means that no comparison is carried 
out in the existing service system during iterations in the design. This means that there 
is no information about whether the targeted solution was successfully created in the 
service system or not. (4) The operationalization of business models requires 
iterations, but the design and alignment of business models may nevertheless be 
subject to limitations: the origin of which can be found in service innovations with 
special features in human-centered service systems. The reason for the limited iteration 
is due to end user intervention in human interaction. (5) In addition to the expected 
support of ICT, requirements and expectations for personal services are constantly 
rising. ICT support and human interaction are prerequisites for value creation. (6) 
Replacing ICT limits the dependence of human interaction. This means that traditional 
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approaches to automation and optimization of human-centered service systems are 
resisted. (7) The employees in the service system are in regular contact with the 
customer and, thus, exactly know their needs. In most cases, however, the design 
knowledge is not available. 

6.1.4.2 Objectives of the Solution 

Based on the core challenges of Kleinschmidt et al. (2016a), seven resulting objectives 
of the solution are obtained. (1) The non-plannability of individual service provision is 
counteracted by selecting the solution with the greatest potential. Accordingly, it 
makes sense to align the service system according to the iterations and identify the 
focused tools of the service system. (2) A range of service experiences and scenarios 
could be included in an optimization model based on operation research with 
approximations. The solution can be easily established due to the not yet verified 
accuracy of fit. (3) This would be the case if the defined customer benefit of the design 
principles is anchored in the human-centered service systems and business model. The 
implementation of the high-level-process is declared insecure, since a distinction is 
made between the actual implemented model and the conceptual model. At the end of 
the service innovation, it is therefore necessary to check the promised customer 
benefit. (4) Existing solutions can be used to solve the various problems that have 
arisen in connection with human-centered service systems. Various implementation 
approaches from planning and coordination can be used for this, so that the service 
design to be built up can be designed in concrete terms. (5) If there is no foresighted 
optimization planning, resistance to traditional automation and optimization becomes a 
severe problem. It is, therefore, necessary to define the demand and scope of service 
innovation in advance in order to counteract rising demand and expectations and, thus, 
prevent productivity problems. (6) In the field of service innovation, actions between 
technology and people should be carefully regulated and coordinated. In order to 
guarantee this, operational service staff of the human-centered service system and 
corresponding business models should be included, even if they do not have sufficient 
design knowledge. (7) Finally, an independent validation of the results should be 
carried out by service design and business model design experts. 
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6.1.4.3 Design and Development: Preliminary Artefact 

Based on the problems of existing solutions and the resulting objectives of the 
solution, an artefact will be constructed in the context of smart city and citizen 
participation using Hevner's (2007) three cycle of design science research. The artefact 
is an IT-supported process for the development of citizen-initiated services on the 
digitalization street. The building as well as the evaluation of the artefact is an iterative 
development of the digitalization street and the application of the artefact corresponds 
to the pass through the digitalization street. The concept around the digitalization street 
can be divided into three consecutive categories. Within the first category, the citizen 
is seen as a sensor that provides an unstructured but valuable input and needs to be 
sharpened. The process of the digitalization street is assigned to the second category 
and contains five steps that overlap the individual steps with the first and the last 
category. The third category is the appreciation of the participation and commitment of 
the citizens, which are opened up during the process. Before the service is created by 
the citizen on the digitalization street, the citizen can assign a name to the process and 
select the appropriate category for his or her input. The categories are linked to the 
existing structures of the city administration by means of making an allocation of the 
pending service to the respective department. It is up to the citizen to decide how far 
he or she wants to involve the city departments in the development process on the 
digitalization street. The digitalization street is divided into five consecutive steps, 
whose respective output generated by the process is simultaneously the input for the 
next step. The first step takes up the citizen’s input and serves to create a short 
description on the basis of the business analysis (Leimeister 2012). The citizen should 
identify and explain what it is, for whom it is suitable (target group), and what it 
should be used for (reason for use). The business analysis is transferred to the 
concretization process in which a SWOT analysis (Leimeister 2012) is carried out. The 
citizen determines the strengths, weaknesses, opportunities, and threats of his 
individual business analysis. In the third process step, a derivation of actions takes 
place. The first step is to determine the benefits (gains) from the strengths and 
opportunities, and the problems (pains) from the weaknesses and threats. After 
defining the benefits and problems, the citizen determines how the benefits can be 
achieved (gain creators) and how the problems should be solved (pain relievers). 
Determining the gains, the pains, the gain creators and pain relievers is part of a value 
proposition canvas (Leimeister 2012). A solution is then sought in the penultimate 
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step. Here, the citizen describes the solution based on gain creators and pain relievers 
and can optionally make a sketch (mock-up or even prototyping). In the final and fifth 
step, the citizen summarizes in a solution presentation for whom it is (target group), 
which problem (pains) is solved, and how it will be solved (solution). This can be done 
by a simple description or on the basis of an optional short video. The evaluated 
framework is based on the elevator pitch framework. Following the fifth step of the 
digitalization street, the citizen is given an overview of all the steps and has then the 
opportunity to make adjustments to the individual steps. Figure 9 summarizes the 
process and the description of and around the digitalization street.    

 

 
Figure 9:  The digitalization street with its five steps. 

Source: Own figure 

6.1.5 Further Work and Limitations 
In the next steps, the digitalization street will go through further iterations in the three 
cycles of (Hevner 2007) in order to constantly refine it. This applies, in particular, the 
further steps after the digitalization street including the integration into the city 
administration. Therefore, experiments and laboratory tests are planned with a digital 
prototype. The digital prototype is already under development and will be extensively 
tested with other experts before a field test with citizens takes place. Furthermore, the 
aspect of collaborative work will be more focused in the current setting. As already 
mentioned in the research approach, I will use the FEDS framework for further 
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evaluation. In addition, all further activities for the demonstration will be 
operationalized with the framework. The FEDS framework of Venable et al. (2016a) 
serves to ensure the accuracy and correctness of the design science research project 
and a constant feedback. This is done via the four steps of the framework: The 
evaluation goals are explained in the first step. The second step then comprises the 
evaluation strategy to be chosen. Step three defines the characteristics of the 
evaluation and in the final step, individual evaluation episodes are designed. The 
evaluation is intended to establish the digitalization street in order to design the 
development of citizen-initiated services for citizen’s user-, use-, utility-centricity 
approach. For this purpose, a formative and formal evaluation is carried out by experts 
in order to check the structure and the procedure at an early stage. Thereafter, the 
acceptance is validated by domain experts in a naturalistic and formative evaluation 
with interviews. Finally, the digitalization street is tested in field trials with potential 
citizens using the application and compared with other similar approaches. The 
abstraction of the identified problems in relation to the individual evaluation phases 
results in the following characteristics: citizen satisfaction, quality assurance, and 
citizen resource utilization. The specific evaluation episodes have not yet been 
determined and are part of further research. The aim of the digitalization street is to 
help citizens, as experts of their everyday lives, develop their own potential and grind 
services from a rough diamond into high-grade diamonds – independently. To achieve 
this, the digitalization street must be user-oriented in order to guarantee citizens easy 
access to the provision of services. The digitalization street, which can be seen as a 
diamond itself, is still in its raw state and has some corners and edges. The 
consolidation in the requirement elicitation workshop has shown that there are: “too 
many redundancies in the steps”, “too much detail, duration and complexity” and 
“unclear tasks, terminology and appreciation”. Furthermore, the individual steps are 
too scientific and have too much detail and complexity. The systematic connection of 
the digitalization street to the city administration processes cannot be carried out one-
to-one, since the processes and structures in the individual cities differ from each 
other. Although the basic concept of the digitalization street is logical and helpful, it 
needs to be further grinded in order to counteract the limitations. 85% of all IT projects 
fail due to various factors such as a lack of administrative support, lack of 
management quality, poor planning, lack of competence as well as a weak business 
case or incorrectly set organizational goals and project goals (Nam and Pardo 2011b). 
This risk also exists for technology-driven projects in the public sector as there are 
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innovation-unfriendly conditions which contradict innovation. Furthermore, there is no 
room for experimentation and testing in the public sector, as accountability is intended 
to avoid failures (Nam and Pardo 2011b). In addition, there are innovation-unfriendly 
conditions in the public sector which contradict innovation in the public sector. In 
further research, it will be necessary to analyze the impact of citizens’ individual 
contributions on the quality of public services and suitable business models (Peters et 
al. 2015a). Furthermore, it would be interesting to apply the artefact to other contexts. 
Another interesting point for research constitutes the evaluation of the provision of 
services and the measurement of citizens’ satisfaction with the government, which also 
coincides with Schmidthuber et al. (2017a). 

6.1.6 Conclusion and Contribution 

The goal of this research in progress paper was to extend the design knowledge in 
service systems engineering and to build and evaluate a new portal iteratively with the 
aim to guide the citizens systematically to refine and further develop their services on 
the digitalization street. Therefore, the three cycles of Hevner (2007) were used as a 
research approach and reinforced with a requirement elicitation workshop in the 
environment over the relevance cycle. I expect further relevant contributions from the 
completed research project. Within the current status, our paper offers several practical 
implications and theoretical contributions in the areas of “citizen participation” and 
“service engineering” I contribute to literature by presenting a framework for creating 
services based on a citizen-centric participation approach. The digitalization street 
itself is a design theory contribution, which extends the existing knowledge base by an 
improvement of citizen participation with a new solution approach for an existing 
problem (Gregor and Hevner 2013a). I set out how the digitalization street can be 
implemented into existing processes in the city administration for helping to increase 
citizen participation in a new citizen-oriented way. The nascent design theory and the 
presented contributions represent a nascent theory of design and action (Gregor and 
Jones 2007; Vaishnavi et al. 2004/17). It is important, however, to note that it can take 
years before a design theory can be described as mature and all-encompassing. 
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6.2 The Digitalization Street for the City of the Future 

6.2.1 Introduction 
More and more people with different skills live in cities (United Nations, Department 
of Economic and Social Affairs, Population Division 2019). This leads to the fact that 
city administrations are faced with an ever-increasing challenge not to leave out the 
competences of citizens but to integrate them and to create citizen-centered services. 
(Letaifa 2015). To meet the new challenges, cities aim to transform themselves into 
smart cities by creating a diverse, sustainable, and liveable space for citizens through 
new services. (Castelnovo 2016c). The market for new business opportunities and 
potential services in the context of a smart city is estimated at $1.565 trillion in 2020. 
(Castelnovo 2016c).  

 

So far, the focus of a smart city has been on continuous, location-independent access 
to information with data collection and constant monitoring both by means of 
information and communication technology (ICT) sensors, data storage, and 
processing (Cosgrave et al. 2013). However, the use of ICT alone is not sufficient to 
carry out the transformation of a city into a smart city and to improve the quality of 
life of city dwellers (van Waart et al. 2016). Therefore, smart cities are also 
undergoing a shift from a technologically focused infrastructure to an active 
involvement of citizens through the use of smart technology (Paskaleva et al. 2018). In 
this context, citizens are involved in the development and design of services as active 
participants and experts of their everyday environment, thus fostering new forms of 
citizen participation. 

 

However, practice is different and in most cases citizens are not currently involved in 
service development. Where this is the case, participation ends at the idea stage, while 
the development and implementation stages of services are not pursued. (Letaifa 2015) 
Therefore, municipalities are looking for a new way to actively involve citizens in the 
service development process. However, existing approaches of the municipality fail 
because the citizens do not accept the approaches (van Waart et al. 2016). Citizens’ 
initiatives have to fight for the attention and support of the city administration. The 
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challenge of cities, the enormous potential of new services and the active involvement 
of citizens as experts of their everyday life have led us to develop the digitalization 
street based on a citizen-centered approach. Here, citizens are systematically 
accompanied in the service creation process from the idea to the solution presentation 
via a portal.  

 

In order for citizen-initiated services to be implemented, both actors need to work 
collaboratively and be involved in the creation process of the portal. This raises the 
question of how the collaborative creation process of the portal has to be carried out in 
order to create citizen-initiated services in the context of a smart city? To answer the 
questions, in this paper I first provide an insight into the literature of citizen 
participation as well as collaborative service creation. I also show how the 
digitalization street with its three steps was conceptualized, developed collaboratively, 
and evaluated in each iteration. I then provide a summary of our findings and an 
outlook on theoretical and practical contributions. Finally, I point out future research 
possibilities and further developments of the portal including its limitation. 

6.2.2 From Citizen participation to Collaborative Service Engineering 

6.2.2.1 Citizen Participation in a Smart City 

There are already many different ways for citizens to get involved. Participation 
begins with citizens informing themselves about political events on the city’s website 
or submitting suggestions and feedback to the city administration via an online form. 
The goal of citizen participation lies in the liveable and intelligent design of urban 
areas in a smart city. (Mueller et al. 2018). 
 
To achieve the goal of improved citizen participation, citizens must be involved in the 
development of citizen-centered services. The involvement of citizens through the use 
of ICT with the aim of giving city government a higher collaborative, inclusive, and 
participatory character for instrumental and intrinsic purposes is referred to as e-
participation (Naranjo Zolotov et al. 2018). Thus, e-participation becomes a strategic 
tool for the city government to promote society and increase citizen participation. 
Citizen participation combined with the use of new technologies is seen as a new 
trend. In order to ensure the sustainability of cities, willing citizens need to participate 



 

85 
 

in the optimization of urban processes using ICTs (Gabrys 2014). In this way, citizens 
become sensors that use computational technologies to provide feedback, which is also 
called citizen sensing. Citizen sensing provides a basis for development-oriented and 
creative participation using media and participatory technologies to implement citizen-
initiated services. For a successful development of citizen participation, Frecks (2015) 
identified three factors that must be met. On the one hand, there must be the existence 
of a terminology that is applied to the policy. Another requirement is to ensure 
participation control for citizens during implementation work. Finally, a common 
understanding of the different participation roles in the cooperation process must be 
defined by categories. 
 
In this case, the use of ICT approaches strengthens the relationship with citizens, 
which in turn leads to the need to promote new communication approaches in order to 
open a dialogue with citizens (Viale Pereira et al. 2017). For this purpose, the 
international association IAP2 Federation6 has developed a participation spectrum for 
the promotion and improvement of public participation. The public participation 
spectrum is composed of five levels and shows the increasing influence on decision-
making through public participation: The first level, “Inform”, deals with providing 
the public with balanced and objective information to help them understand the 
problem, alternatives, possibilities, and/or solutions. The second level, “Consult”, is 
concerned with obtaining public feedback on analyses, alternatives, and/or decisions. 
The third level, “Involve”, involves working directly with the public throughout the 
process to ensure that the public’s concerns and aspirations are consistently understood 
and addressed. The fourth level, “Collaborate”, focuses on partnering with the public 
in every aspect of the decision, including developing alternatives and identifying 
preferred solutions. The final and fifth level, “Empower”, focuses on final decision 
making, which is placed in the hands of the public. In our case, the collaboration level 
of the IAP2 spectrum plays the most important role, as citizens are integrated as 
experts of their everyday life in the policy making and the development of service 
ideas. In order to ensure citizen-initiated service development, the portal is developed 
in a collaborative process. 

 
6 https://www.iap2.org/ 
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6.2.2.2 Collaborative Service Engineering in the Service System City 

Services are characterized by the fact that the benefit is created through the 
cooperation of the customer and the provider. Several actors contribute to the value 
creation of the service through their cooperation (value co-creation) in a specific 
context (Böhmann et al. 2014). The processes, services, or deeds for oneself or for 
others are based on the application of skills and knowledge (competences). The design, 
development, and implementation of services using appropriate methods, tools, and 
process models is called service engineering. (Leimeister 2012). In service 
engineering, the potentials of innovative power, quality, economic efficiency, and, 
above all, customer orientation must be exploited. (Leimeister 2012). The joint value 
creation of services by different actors takes place in a service system, which as a basic 
entity aimed at achieving a mutual benefit by means of actions. (Leimeister 2012). 
 
The large and diverse range of urban services makes the city a complex, socio-
technical system that needs to improve existing services and develop new services to 
improve the quality of life of its citizens (Gutierrez et al. 2018). Complex socio-
technical systems that enable interactive and shared value creation are called service 
delivery systems. (Böhmann et al. 2014). In a service system, the interaction of 
technologies, information, organizations, and people contribute to mutual benefits. 
Thus, in the process of co-creation, citizens are involved as central actors in the design 
and implementation of services to contribute to the sociological, economic, and 
technological development of the city. (Gutierrez et al. 2018). To identify the 
requirements to create services, it is necessary to analyze the services and resources of 
the complex service system of the city. Referring to our context of the digitalization 
street, the technology component includes all the technical components of the platform 
on which the portal for the collection and generation of service ideas is offered. The 
information component includes any information relevant to citizens and the city 
administration that is user-, use-, and benefit-oriented as well as all relevant policies 
and laws of the city administration. The organizational component includes other 
internal and external service systems and companies. The employees of the city 
administration and the citizens, who both act as prosumers of the service system city, 
are to be assigned to the human component. The interaction of citizens with the city 
administration is essential so that the citizen as an individual can contribute their 
knowledge and skills to the creation of service ideas.   
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6.2.3 Methodological Approaches in Collaborative Design Research 

6.2.3.1 Design Science Research 

In order to design a portal for the creation of citizen-initiated services, on the one 
hand, the practical, relevant problem, and, on the other hand, the previously secured 
scientific findings from the knowledge base must be incorporated. In order to do this 
systematically, I follow the research approach the three cycles of design science 
research by Hevner (2007). This is a design-oriented research approach in which the 
three cycles rigor cycle, relevance cycle, and design cycle are run through in each 
iteration.   

The rigor cycle links the existing knowledge base to the design activities by 
transferring sound methods and theories as well as expertise and experience from the 
knowledge base and incorporating them into the creation of the planned design artifact 
(Hevner 2007). The knowledge gained from development and research is then fed 
back into the knowledge base and continuously adds to it (Gregor and Hevner 2013a). 
A prerequisite is that the design to be created must be based on research contributions 
to be able to ensure innovation (Hevner 2007). The requirements of the contextual 
practice environment of the research project are linked to the research artifacts of 
science and design activities via the relevance cycle (Hevner 2007). This assumes the 
definition of acceptance criteria for an evaluation of the results and the identification 
of opportunities as well as problems from the real application environment (Hevner 
2007). Through the interaction of the people in the application domain and the 
technical systems as well as organizational systems, the common goals are achieved. 
In a close iteration of the research activities, the central design cycle focuses on the 
creation and evaluation of the artifact to be designed as well as the design processes. 
(Hevner 2007). Based on requirements, an evaluation of alternatives is performed, and 
subsequent feedback is used to refine the design. The design cycle depends on the 
other two cycles and uses their input. However, when the artifact is created and 
evaluated, the design cycle functions independently and is run through until the design 
can be declared satisfactory. (Hevner 2007). The prerequisite for a successful run 
through is a comprehensible argumentation for the creation of the artifact as well as a 
well-founded evaluation. For this purpose, it is advisable to first test the artifact 
extensively with laboratory tests and experiments before field tests with users are 
carried out, and new findings should be fed back over the two cycles in order to 
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expand the existing knowledge base and environment. In order to ensure the 
correctness and accuracy of the artifact, the artifact must be continuously evaluated. 
For an evaluation of the artifact, the framework for evaluation in design science 
(FEDS) research by Venable et al. (2016a) is used. First, the evaluation goals are 
defined, the evaluation strategy is selected, the characteristics of the evaluation are 
defined, and the individual evaluation episodes are designed.     

In order to create a framework for the development of citizen-initiated services, on the 
one hand, the knowledge base on the topic of citizen participation will be drawn upon 
for the creation of the digitalization street in a first iteration. On the other hand, 
methods and tools for the creation and analysis of services as well as service systems 
will be sourced through the rigor cycle. On the environment side, a requirements 
workshop conducted with experts as well as the knowledge from the continuous 
exchange with the individual stakeholders will be transferred to the needs assessment 
via the relevance cycle. Based on this, a first iteration of the digitalization street is 
created using the design cycle and then evaluated in a workshop. The findings from 
the workshop will expand the knowledge base on the topic of citizen participation and 
service creation as well as the needs of the stakeholders related to the digitalization 
street.  

Based on the expanded knowledge, the second iteration of the digitalization street 
focuses on citizen sensing as a specification of citizen participation in further 
development. With the results of the evaluation workshop, the requirements and 
structure of the digitalization street could be adapted based on the feedback from the 
experts. Due to the increasing complexity of the environment and the actors involved, 
the four cycles of design science research by Drechsler and Hevner (2016) was chosen 
for the second iteration. This divides the environment into an internal and an external 
environment and creates an organizational and societal change in the digitalization 
street. The two environments are connected by means of a fourth cycle, the change and 
impact cycle. The internal environment is the user's direct application context, while 
the external environment is the comprehensive socio-technical system. To evaluate the 
second iteration, the digitalization street is first implemented as a functional prototype 
using six design principles for platforms (Giessmann and Legner 2016) and tested with 
experts in a second evaluation workshop. Figure 10 below shows the runs of the cycles 
in the second iteration. 
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Figure 10:  Second Iteration – Design Science Research. 

Source: Own figure based on Drechsler and Hevner (2016) 

6.2.3.2 Collaboration Engineering 
To increase the effectiveness and efficiency of expenditures and efforts of individuals 
in organizational systems, collaboration engineering is used (Leimeister 2014). This is 
a systematic approach to the design, development, and implementation of repeatable 
collaboration processes to accomplish recurring and high-value tasks (Leimeister 
2014). To create the design for a collaborative process, several interdependent 
hierarchical issues must be considered. The topic areas listed in the six-level 
collaboration model (SeKMo) are the following: 1) collaboration goals, 2) group 
products, 3) group activities, 4) group procedures, 5) collaboration tools, and 6) 
collaboration behavior (Leimeister 2014). Collaboration goals include desired 
outcomes or desired states that can be achieved through the collaborative efforts of the 
group. Group products involve tangible or intangible outcomes and artifacts created 
through group effort and are aligned with the collaboration goals. The subtasks to be 
performed to achieve the group products are referred to as group activities. All the 
collaboration techniques and patterns used to accomplish the group activities are called 
group procedures. Collaboration tools such as systems or artifacts are used to achieve 
the goal by the group. Any actions and statements made by the participants using the 
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tools to achieve the group goal are attributed to the collaboration behavior. Based on 
the SeKMo, the collaboration process design approach (KoPDA) is used to create the 
development process for collaboration processes with a focus on problem analysis, 
design, and transition of collaboration processes (Leimeister 2014). KoPDA is 
composed of five iterative stages, each of which has a direct influence on the other. 
The first stage involves the analysis of the tasks to be performed by the group. In the 
next stage, the tasks are broken down into several activities in relation to the 
cooperation of the individual stakeholders. Then, in the third stage, appropriate 
thinkLets (clustered facilitation techniques) are adapted and selected for each activity 
based on the decomposition. In the fourth step, the agenda of the collaborative process 
is developed using the thinkLets. In order to check whether the design has achieved 
the desired success, an evaluation and validation of the design or the designed 
collaborative process is carried out in the last and fifth step. (Leimeister 2014). 
 
The collaborative creation of the portal aims to promote the development of new and 
demand-driven services for the smart service city of the future by involving citizens as 
active co-creators of high-quality services. The result is to be implemented in a city 
with approximately 200,000 inhabitants. For this purpose, four actors are evolving 
together on the digitalization street. The constellation of actors, the service system 
city, the SeKMo as well as the KoPDA according to Kolfschoten and Vreede (2009) 
are summarized in Figure 11. 



 

91 
 

 
Figure 11:  The Collaborative Development Process form the Service System City based on 

SeKMo and KoPDA of Kolfschoten and Vreede (2009) to the Involved Actors. 
Source: Own figure 

 

6.2.4 The Digitalization Street – Design and Evaluation 

6.2.4.1 Results of the Requirements Workshop 
Based on the methodological approach, the associated results are presented in this 
chapter. At the beginning of the project, in addition to several literature analyses in the 
areas of citizen participation, service creation, and smart city, among others, a 
requirements workshop was also conducted with four experts from the city 
administration and two employees from a university institution. The five core elements 
were discussed, and the results were then recorded in a consolidated form: goals, target 
group, platform, opinion formation/voting and feedback/exchange between citizens 
and the city for the new form of participation. The (1) objectives identified included 
obtaining good ideas from citizens as experts from the basis of a platform for ideas, 
projects, and solutions. Furthermore, the citizens should be accompanied in the process 
so that no false expectations arise from the platform. For the (2) target group, internet 
access and affinity with a PC and with social media formats are important 
prerequisites. Based on the 90-9-1 rule (90% readers, 9% commentators or voters, and 
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1% creators), the pioneers (creators) could be identified as the main target group, 
taking into account low and high expectations (high and low potentials). For the (3) 
platform, the question is how a project can be established on the platform, whether a 
possibility of reworking the submitted ideas can be offered and how a project is 
defined. Furthermore, a textual entry should serve as a basic entry and can be 
supplemented by a photo or logo. In addition, the possibility to upload a video of about 
90 seconds would be a good bonus for the platform. The submission of a communal 
topic is seen as the most important requirement. For the point (4) opinion 
formation/voting, the question arose whether the voting period should be limited to 6 
dates per year and whether a quorum must be present as a hurdle. For (5) 
feedback/exchange, a feedback channel should be offered through which feedback can 
be given on all topics, also outside of municipal influence with referral advice. 

6.2.4.2 First Iteration of the Digitalization Street 

Based on the forms of citizen participation, the basis of the creation of the service 
system city and the results from the requirements workshop, a first iteration of the 
digitalization street was created. In this process, citizens are systematically 
accompanied in five steps from the idea to the elaborated solution presentation. In the 
first step, citizens describe in a short description what, for whom, and for what purpose 
their service idea should be used. The second step includes a concretization of the 
service ideas through a SWOT analysis. A SWOT analysis is used for strategic 
planning and analyses internal strengths and weaknesses as well as external 
opportunities and threats (Leimeister 2012). Subsequently, in the third step, an action 
derivation is carried out on the basis of the benefit generators and pain killers of the 
value proposition canvas. The value proposition canvas is used to systematically 
develop the value proposition. It is composed of the customer segment with the 
benefits, pain, and customer jobs as well as the value proposition with benefit creators, 
pain killers, and the products and services (Leimeister 2015). In the fourth step of 
finding a solution, a sketch, mock-up, or prototype is created, which are used to 
visualize the idea (Leimeister 2012). Then the solution presentation of the service idea 
takes place by showing which solution exists for which problem and for whom. This 
process can be likened to cutting a diamond from rough (citizen's idea) to a high-carat 
diamond (elaborated service solution). Figure 12 shows the first iteration of the 
digitalization street. 
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Figure 12:  First Iteration of the Digitalization Street. 

Source: Own figure 

6.2.4.3 First Evaluation Workshop 
To validate the digitalization street, an offline evaluation workshop was conducted 
with 12 experts from municipal, university, and institutional environments. The aim of 
the workshop was to have the digitalization street evaluated and validated by experts 
in order to be able to validate the ideas at an early stage, to record the requirements, 
and to obtain quick feedback on how to optimize the digitalization street with the five 
steps. One index card was used for each step on which the 12 experts documented their 
own service ideas. For the subsequent solution presentation of the developed service 
idea, each participant was provided with a 30-second elevator pitch. Following the 
presentation of the service solutions, the experts were divided into three equally sized, 
institutionally different groups to discuss the optimization of the digitalization street. 
The consolidation of the results showed that the digitalization street follows a logical 
basic pattern with a good structure as well as menu navigation and that appropriate 
methods are used. However, the level of detail and the duration as well as the length of 
time are too high, and the complexity is too scientific and obligatory. The terms of 
reference, terminology, and valuations are not clearly formulated and there is no 
concrete example. Furthermore, there are too many steps and redundancies in the 
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individual steps. In addition, there is a negative starting point, a lack of collaboration 
and direct feedback for everyone, and a lack of explanations on how to use the tools 
and proceed. The observations and requirements just listed have been incorporated into 
the second development iteration of the digitalization street. 

6.2.4.4 Second Iteration of the Digitalization Street 

Based on the consolidated results of the evaluation workshop and the insights from 
existing literature that considers citizen sensing as a new form of citizen participation 
as citizen centered, the digitalization street was redesigned. In the first step, the brief 
description of the projects, citizens describe their project using several key questions 
and locate the project on a map. Key questions include, "What is the name of the 
project?", "What is the goal of the project?", "Why is the project important?", "Who is 
the project for?" and "How will the project be implemented?". In addition, citizens can 
tag the project with keywords ("What keywords are associated with the project?"). In 
the second step, project in pictures (visual presentation), citizens present their project 
in pictures. For this, citizens can either upload photos of the project or use the existing 
drawing environment with the provided design elements. In the third and final step, 
project as video (elevator pitch), citizens summarize what they will achieve with their 
project, who the project is for, and why the project is important. This can be done by 
describing, speaking, or filming and is usually based on the evaluated elevator pitch 
framework. Citizens then have the opportunity to vote on each project. Figure 13 
summarizes the three steps of the digitalization street. 
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Figure 13:  Second Iteration of the Digitalization Street. 

Source: Own figure 

 

6.2.4.5 Technical Implementation of the Digitalization Street 
The open-source software Liferay Portal7 is used to implement the digitalization street 
as a portal on a platform. Liferay Portal is based on Java and exists in two different 
versions—a commercial enterprise edition and a free community edition, whereby in 
our case the latter is used. In Liferay Portal, so-called portlets are used, which enable 
the creation of social, dynamic systems and are composed of interactive, self-
contained elements. For this purpose, a development framework for new applications 
and adaptations as well as already existing standard applications is available. On the 
one hand, standard portlets were used for the development of the portal, such as the 
registration process during login. On the other hand, portlets had to be created 
completely from scratch, such as the web-based drawing environment, or existing 
portlets had to be adapted, such as the upload and conversion of video files. Figure 14 
shows the first step of the digitalization street, a section of the portal from the Liferay-
based platform. 

 
7 https://www.liferay.com/ 
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Figure 14:  Section of the Portal – First Step of the Digitalization Street. 

Source: Own figure 

To evaluate the prototype, a second evaluation workshop was held with the same 
experts from the first workshop. The experts went through the digitalization street 
again, this time digitally and only with the three steps. 

6.2.5 Limitations and Future Research 

At the current state of this paper, the prototype of the digitalization street for the 
creation of citizen-initiated services is not yet fully completed and some issues from 
the overview of the sprint meetings still need to be incorporated. Before the 
digitalization street can be connected to the processes of the city administration, 
further experiments and lab tests as well as field tests with potential users are 
necessary in order to make the digitalization street citizen-centric and in line with 
expectations. Furthermore, the next step will be to further expand the digitalization 
street, on the one hand, in order to further develop the service ideas up to a possible 
implementation on the basis of service engineering (Leimeister 2012) and 
Collaboration Engineering (Leimeister 2014). On the other hand, an incentive system 
must be created for citizens so that they generate the service ideas via the digitalization 
street and also develop them further. For this purpose, a blockchain-based 
cryptocurrency is to be established as a reward system on the platform. Further 
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evaluation will be carried out so that the user-oriented and social perspective as well as 
the structure of the digitalization street can be checked at an early stage in order to 
optimize the approach in a user-, use-, and benefit-oriented way. One evaluation will 
take place via a quantitative survey of citizens in which citizens will be asked about 
the new type of participation and what optimization suggestions they can imagine for 
the digitalization street. Other individual and specific evaluation episodes have not yet 
been determined and will be part of further research. The use of citizen resources, 
citizen satisfaction, and the assurance of service quality could be identified from the 
results of the workshops as abstracted characteristics to be considered in further 
development.  
 
The digitalization street is intended to systematically support citizens as experts in 
their daily lives in service creation and provide easy access. However, the 
digitalization street also has limitations in its current state, although it is an inherently 
logical concept. The limitations of the digitalization street include the contradictory 
innovation condition in an entrenched public sector structure as well as the 
technology-driven project risks that can occur. Furthermore, there is no free space for 
testing as failures are avoided in the public sector due to high accountability. In 
addition, due to poor management quality, incorrectly set organizational and project 
goals as well as a lack of competence and administrative support, approximately 85% 
of all IT projects fail. (Nam and Pardo 2011a). 
 
In future research, the individual contributions of citizens need to be analyzed for their 
impact on quality in the public service sector and appropriate business models. The 
evaluation of service delivery and the assessment of the measurement of satisfaction of 
the municipality as well as of citizens would also be interesting. Adaptability to other 
contexts could also be a further research aspect. 

6.2.6 Conclusion 

The following article shows how, by means of design-oriented research, in this case 
the DSR approach according to Drechsler and Hevner (2016) and approaches from 
collaboration engineering (Leimeister 2014), specifically the six-level collaboration 
model (SeKMo) and the collaboration process design approach (KoPDA), a citizen 
participation portal is developed collaboratively and iteratively. This portal allows the 
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systematic accompaniment of citizens as experts of their everyday life in the creation 
of their own services from the idea to the solution presentation. In doing so, citizens 
have the possibility to (1) describe their project proposal, (2) visually present their 
project proposal by means of a web-based drawing environment, and (3) present their 
project proposal in a video-based way. Through the innovative, multimedia, and 
citizen-centered portal, the challenges of the city administration are addressed by not 
leaving out the competencies of citizens, but meaningfully integrating them into the 
collaborative service process in order to create a diverse, sustainable, and livable space 
with new services.  
     
For the collaborative development of the digitalization street, the desired results and 
the desired states as well as the collaboration goals were first recorded in a 
requirements workshop with all participants. Based on the literature of citizen 
participation and service engineering as well as the results of the requirements 
workshop, the digitalization street was developed. The subsequent implementation of 
the digitalization street as a portal was carried out using open-source software.  
 
This paper thereby extends the existing literature of citizen participation and 
collaborative service development with a new solution approach to active citizen 
participation. The citizen is actively involved in the process of service development 
using tools and methods of service engineering and the resources of a service system. 
In addition, I show how a citizen participation portal can be developed collaboratively 
with multiple stakeholders based on a citizen-centric, multimedia approach for the 
systematic development of service ideas. To increase citizen participation, I use this 
paper to show city governments the requirements and guidelines for creating a citizen 
participation portal. By doing so, on the one hand, I show how a citizen participation 
portal can be connected to existing city government participation processes and made 
usable through constant collaborative development. On the other hand, I continuously 
balance the expectations of both the municipality and the citizens through a citizen-
centric, collaborative, and iterative approach from the very beginning. 
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6.3 Agile Service Engineering in a Smart City 

6.3.1 Relevance of Citizen-Centered Development of Services 
Urbanization is causing more and more people to move from rural areas to cities. In 
2050, 60% of the population will live in cities with a projected world population of 9.8 
billion (United Nations, Department of Economic and Social Affairs, Population 
Division 2019). This leads to major challenges within cities due to new services and 
livelihoods as well as competitiveness and growth (Letaifa 2015). In order to make 
cities sustainable, diverse, and liveable spaces for their inhabitants, one option is to 
transform cities into smart cities. (Castelnovo 2016c). Within such smart cities, the 
market for improved and new services is estimated to be approximately $1.565 trillion 
by 2020. (Castelnovo 2016c). 
 
However, the mere use of information and communication technology to enhance the 
quality of life of city dwellers alone is not enough for a city to become a smart city 
(van Waart et al. 2016), and these potentials can be leveraged. This is also the reason 
why the focus of smart city projects has changed and citizens are actively involved in 
service development through the use of smart technology instead of only focusing on a 
technological, sensor-driven infrastructure. (Paskaleva et al. 2018). Citizens are 
actively involved as experts of their everyday environment in political service, 
decision, and planning processes. (Khan et al. 2017) 
 
As a concrete implementation for the realization of the enormous potential of new 
services, the development of a citizen-centered approach in a large city, the so-called 
digitalization street, was developed with the active involvement of citizens as experts 
of their everyday lives and taking into account emerging urban challenges. The 
digitalization street is a platform on which citizens are systematically accompanied 
through the service creation process from the idea to the solution presentation.  
 
In this context, the city is characterized by special features that differ from the free 
economy, e.g., by the legally prescribed integration of certain stakeholders etc. In this 
context, the speed of innovation and the dynamics of change processes are also 
increasing. For this reason, an agile approach is required. (Kreuzer and Aschbacher 
2014). Therefore, the agile process model Scrum in combination with the web-based 
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platform GitLab for the management of projects in agile software development was 
applied to the specific context of a smart city for the first time. 

6.3.2 Agile Service Engineering 

6.3.2.1 Scrum as an Agile Process Model 

Agility is the ability of an organization to adapt and counteract environmental 
demands and changes that can occur flexibly and rapidly (Ganguly et al. 2009). In the 
agile approach, the requirements and possible solutions become apparent in the 
individual steps only during processing (Johannsen et al. 2017), which leads to the 
complexity of the processes. To keep the processes as flexible and lean as possible, 
agile process models are used for systematic, iterative development. These models 
have the advantage that they can continuously adapt the process of service 
development through their iterative approach and that the bureaucratic effort is kept as 
low as possible. (Johannsen et al. 2017). Scrum is the best-known agile process model 
and has the goal of being able to quickly deliver the first versions of the service with 
contained customer benefits and be able to react flexibly to changes, e.g., customer 
requirements. (Goll and Hommel 2015) 
 
Scrum in the context of the digitalization street has the city administration as its 
customer. In order to be able to react flexibly to changes during the development of the 
digitalization street, the roles of Scrum master and service owner are assigned to the 
involved actors of the conceptual development. The Scrum master is responsible for 
coordinating the entire Scrum team and for process management, while the service 
owner acts as the interface for the customer. The Scrum team members are the 
functional back-end programmers, the design agency, the design-technical front-end 
developers, and the city government staff responsible for legal and content 
requirements. First, starting from the service innovation, the service vision is 
expressed by the service owner, which is as follows: "We are building a platform for 
creating citizen-initiated services." Next, the high-level requirement categories are 
assigned to the individual Scrum team members by the service owner. After each 
sprint, the individual requirements within the categories are adjusted according to the 
city government's vision. The individual requirements are prioritized by the service 
owner in terms of time (sprint planning) and evaluated by the respective team 
members and then processed. The goal is a functional and deliverable service 
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increment. The individual results from the sprint meetings are presented in a live 
demonstration by the service owner (sprint review) and the feedback is then included 
in the service backlog, depending on the team's discretion. Figure 15 shows the 
application of Scrum to the digitalization street. 
 

 
Figure 15:  Application of Scrum on the Digitalization Street. 

Source: Own figure 

 

6.3.2.2 Service Engineering in the City Service System 
Services are characterized by the benefit that arises from the cooperation between 
provider and customer. In a specific context, several actors contribute to the value 
creation of the service through their cooperation (value co-creation) (Böhmann et al. 
2014). The application of skills and knowledge or competencies influence the actions, 
performances, and processes of oneself as well as of others. (Peters et al. 2016). Using 
suitable process models, methods, and tools for the joint design, development, and 
implementation of services, the so-called service engineering (Leimeister 2012). 
Service engineering aims to make use of customer orientation as well as the potentials 
of economic efficiency, quality, and innovation (Leimeister 2012). The achievement of 
mutual benefit is achieved through a service system in which different actors 
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participate in the joint creation of value (joint venture creation) of services (Leimeister 
2012). 
 
In order to provide a wide range of urban services to improve the quality of life of 
citizens, it is necessary to develop new services and improve existing ones, which 
means that the city is becoming a complex socio-technical system (Gutierrez et al. 
2018). In combination with a common, interactive creation of value by the complex, 
socio-technical system, I speak of a so-called service system (Böhmann et al. 2014). 
The mutual benefits within the service system are achieved through the interaction of 
organizations, people, technologies, and information (Maglio et al. 2015). This leads to 
the active involvement of citizens as key actors in the design and implementation of 
services in the process of co-creation of value so that the city can be developed 
economically, sociologically, and technologically (Gutierrez et al. 2018). To determine 
the requirements in the service creation process, it is necessary to analyze the 
individual resources and services of the complex service system city (Billert et al. 
2018). 
 
In the context of the digitalization street, companies and other internal as well as 
external service systems can be assigned to the organizational component. The human 
component includes the citizens and the employees of the city administration, both of 
whom function as prosumers in the city service system. The portal for communication 
as well as all technical implementations for the collection and generation of the service 
idea are part of the technology component. All relevant laws and policies as well as all 
user-, use- and benefit-oriented information relevant for the citizens as well as for the 
municipality play a crucial role in the information component. In order for the skills 
and knowledge to create the service ideas to be harnessed by the citizen as an 
individual, the interaction between the citizen and the city government is essential. 
Figure 16 shows the city service system. 
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Figure 16:  Service Engineering in the City Service System. 

Source: Own figure based on Billert et al. (2018, p. 302) 

6.3.3 Agile Engineering of the Digitalization Street as a Service 

6.3.3.1 Service Vision – Conceptual Design of the Digitalization Street 
Based on the literature, a requirements workshop, and an evaluation workshop, the so-
called digitalization street was conceptually developed in two iterations using a 
methodical approach (Billert and Peters 2018) and implemented using an agile process 
method (see 6.3.2). The digitalization street is a platform on which citizens are 
systematically guided through the development of their own service ideas. This is done 
by having citizens describe their service ideas in the first step using five key questions. 
Citizens also have the opportunity to link the service idea with keywords and can 
locate the service on a map. For the second step, citizens can visualize their service 
idea with a drawing environment including design elements or upload photos. The last 
and third step involves the solution presentation of the service idea by the citizen, 
summarizing what the service idea is intended to achieve, for whom, and why by 
recording a short video for the other citizens. Afterwards, citizens can vote for the 
different service ideas. Figure 17 summarizes the concept of the digitalization street.  
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Figure 17:  Concept of the Digitalization Street. 

Source: Own figure 

 

6.3.3.2 Service Backlog – Requirements Elicitation of the Digitalization Street 

Sprints – Assignment of Requirements 

For a better implementation of the concept, a workshop was held with all participants 
during the agile development period and an overall plan with thematic sprints was 
created in which open issues and to-dos were assigned to the individual team 
members. For each sprint, the remaining open issues were then discussed and worked 
on in a further workshop among the responsible participants.   
 
In the technology/design sprint, the following issues were noted, among others: setting 
up an SSL certificate, setting up the backup function for continuous backup of the 
current status, consideration of data protection when uploading photos, pre-filled form 
fields, styling native user accounts, designing the web-based drawing environment, 
extending the drawing environment with geometric shapes, adapting the mobile view 
of the portal for different end devices, and constant documentation of the technical 
functionalities. The content/campaign sprint includes, among other things, the 
complete review of the wordings, the input of sample projects, the creation of general 
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terms and conditions and consideration of data protection, the definition of the 
conditions of participation, the creation of a teaser video as well as the marketing of 
the concept. In the test sprint, a friendly user test and a usability test are carried out. In 
the friendly user test, users are used to test the system in a benevolent manner, while 
the usability test focuses on the usability of the system. (Leimeister 2012). For the go-
live sprint, Facebook Pixel and Google Analytics are checked to ensure continuous 
improvement by tracking user behavior. In the last sprint, the roll out/marketing sprint, 
the digitalization street will be made available to users or citizens through press 
releases, advertisements on Facebook and Instagram as well as City Cards and City 
Light, under the slogan of the concept. Figure 18 shows all open issues with the 
assignment of the involved actors and the classification in the thematic sprints. 

 
Figure 18:  Results of the Sprint Workshop on the Implementation of the Digitalization 

Street. 
Source: Own figure 

GitLab – Web-based Platform for Managing Agile Software Projects 

For an agile development and implementation of the concept of the digitalization 
street, a web-based open-source version management platform for agile software 
projects was used: GitLab (https://about.gitlab.com/). GitLab is used to move through 
the software lifecycle faster by using agile methods and by integrating and working on 
new high-priority requirements in the existing setting. GitLab is based on the concept 
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of DevOps, which extends the principle of agile software development to agile 
operation (Lichtenberger 2017). DevOps is made up of the two terms development and 
operations and is used as a further development approach to agile IT development 
processes and strategies in the area of continuous software, IT system, and platform 
development (Thomas et al. 2017). DevOps aims to accelerate software development 
and shorten deployment times in order to make functionalities and finished products 
available more quickly. (Lichtenberger 2017). DevOps consists of a life cycle whose 
phases are applied sequentially: vision, backlog, code, build, test, release, deploy, and 
operate (Lichtenberger 2017). Upon completion of the last phases, feedback is 
considered for the next run. During the life cycle, teams work on the self-defined 
issues in direct collaboration with the users and involved stakeholders (Thomas et al. 
2017). 
 
The agile processing of issues across different teams is a great advantage of GitLab. 
Issues represent tasks, problems, bugs, and solutions that are managed independently 
by the developers. The involved actors can create issues by providing a textual 
description, which can also be extended by visual representations. Via an integrated 
discussion board, it is then possible to exchange information about the various issues 
and assign them to a person for processing. This ensures quick feedback. Another 
function of GitLab is the automated execution of the code with a continuous 
integration of the individual application components in order to increase the software 
quality. In addition, there is automated deployment and configuration of application 
changes with continuous deployment.  
 
Based on the concept of the digitalization street, the project context team created an 
issue in GitLab for each function, each step, and each element to be designed. In 
addition to a unique heading, a description and, in some cases, an image were stored in 
the issue. The issues were then assigned to pre-determined modules using the three 
labels concept, function, and design. In order to reach project-internal milestones, the 
issues that exceeded a milestone were classified using two priority levels for faster 
processing. In case of questions or ambiguities between the different stakeholders, 
GitLab's discussion board was used for quick feedback. The code of the platform is 
completely and directly accessible in GitLab for the involved stakeholders and is also 
managed via GitLab. Figure 19 shows a section of the overall overview of issues in 
GitLab, and Figure 20 shows a single issue. 
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Figure 19:  GitLab – Overview of the Issues. 

Source: Own screenshot from GitLab 

 

 
Figure 20:  GitLab – Single Issue. 

Source: Own screenshot from GitLab 
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6.3.3.3 Service Increment – Prototype of the Digitalization Street 
The functional prototype of the platform is implemented via the open-source software 
Liferay Portal (https://www.liferay.com/). The Java-based Liferay Portal exists in a 
free community edition and in a commercial enterprise edition, the former being 
implemented in the project. Liferay is a portal that enables the creation of dynamic, 
social systems and is composed of self-contained, interactive elements called portlets 
(Yuan 2012). Liferay consists of the following, four key functions: portal, content 
management system/web content management, social user collaboration, and 
customization. It is possible to use standard applications or a development framework 
for customization and new applications (Yuan 2012).  
    
Standard portlets were used for the implementation of the digitalization street, e.g., the 
user account management. Furthermore, existing portlets had to be adapted, e.g., the 
portlet for uploading image files, or completely new portlets had to be created, such as 
the feature-rich drawing environment. Figure 21, Figure 22, and Figure 23 show an 
excerpt from the Liferay-based platform with the three implemented steps of the 
digitalization street. 

 
Figure 21:  Service Increment of the Digitalization Street – Step 1. 

Source: Own screenshot  
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Figure 22:  Service Increment of the Digitalization Street – Step 2. 

Source: Own screenshot  

 

 
Figure 23:  Service Increment of the Digitalization Street – Step 3. 

Source: Own screenshot  
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6.3.4 Conclusion and Outlook 
This paper demonstrated that the use of an agile process model plays a crucial role in 
the systematic development of digital citizen-initiated services due to rapidly changing 
customer requirements as well as changes in service development cycles. For the 
development of the digitalization street, a platform for the creation of citizen-initiated 
service ideas, the agile approach Scrum was used in combination with the web-based 
platform GitLab for the management of projects in agile software development. For 
this purpose, the requirements were distributed to thematic sprints and transferred into 
individual issues using GitLab. 
    
The service increment of the digitalization street contains three steps in which citizens 
describe, visualize, and present their service idea using a multimedia, citizen-centered 
approach. For the first time, these steps are integrated and realized on one platform 
without media discontinuity. Thus, the platform supports and extends the collaboration 
between citizens and the city. As a service of the city service system in a smart city, 
the digitalization street is an example of how agile approaches to development can be 
successfully applied and how modular services like the platform of the digitalization 
street can be connected to existing processes of the city administration. The proof of 
concept can be considered confirmed, as the digitalization street is functionally 
feasible. Whether the digitalization street generates value (proof of value) and a 
complex issue can be realized operationally (proof of use) remains to be verified 
(Nunamaker et al. 2015).  
 
Complementary, future research is needed, on the one hand, in the field of incentive 
systems for citizen participation that go beyond the submission of service ideas. 
Incentive systems based on blockchain-based cryptocurrencies represent one 
possibility (Schweizer et al. 2017). Likewise, the use of blockchain-based smart 
contracts to control the implementation of the submitted service ideas by third parties 
is a promising field. On the other hand, there is a need for further research to ensure 
the quality of the service ideas received and to compare what both citizens and the 
municipality expect and prefer from the service ideas. Possibilities to implement this 
process by means of the concept of social voting, in which citizens evaluate other 
service ideas by commenting on other ideas and also publish their own ideas, seem 
promising and require further research (Nam 2012). 
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6.4 Design and Evaluation of a Digital Participation Platform for 
Citizen Empowerment 

6.4.1 Introduction 
As experts of their everyday life, citizens know what they need in a sustainable and 
livable city. A growing number of people (55% in 2018 with an expected increase of 
11% until 2030) live in cities (United Nations, Department of Economic and Social 
Affairs, Population Division 2019) and represent a great range of different skills and 
competences. City administrations seek to expand citizen participation that respects 
and utilizes these competences. While active involvement of citizens has a long 
tradition in the offline world, new digital means can leverage greater participation and 
reach citizens in the online world as well (Lindgren and van Veenstra 2018). Extension 
of citizen participation using offline and online channels is especially relevant in times 
of a crises such as COVID-19 and its corresponding restrictions. But even though 
many citizens are used to such technologies in their private or business contexts 
already (e.g., involvement via digital platforms and the use of multi-media to enrich 
their own content), current citizen-centered participation approaches tend to neglect 
rather than leverage new technologies. To counter this, a state-of-the-art, citizen-
centric solution is needed – one that considers citizens as experts of their everyday life 
and values their expertise and potential participation as valuable input. 
This integration of citizen participation involves fundamental transformations and goes 
way beyond most solely technological transformations – e.g., the building of Internet 
of Things (IoT)-based infrastructures (Castelnovo 2016c; Letaifa 2015; Viale Pereira 
et al. 2017; van Waart et al. 2016). Going beyond sole technological transformations 
means that cities are using the smartness of citizens. In this context, smart cities are 
defined by the active involvement of citizens through the use of information and 
communication technology (ICT) (Paskaleva et al. 2018) in which citizens design and 
develop their own services and solutions that shape the future of their own city. Thus, 
social and user-oriented as well as technical design components must be considered 
when designing solutions that empower citizens to co-create services (Olphert and 
Damodaran 2007b). 
 
While this is how it should be, current solutions fail because of many reasons: 
following administration-centered logic and workflows instead of being citizen-centric 
(Koptyug 2019) or lack of acceptance by citizens (for administration-initiated 
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solutions) or lack of acceptance and integration willingness by administrations (when 
it comes to citizen-initiated solutions). Also, barriers to use solutions for citizen 
participations exist and solutions lacking trust and transparency hinder citizens from 
actively using it. 
 
In order to counteract the mentioned challenges, information and communication 
technology (ICT) applications such as digital participation platforms (DPPs) are 
supposed to provide great potentials:  an increase of the democratic process, a 
reduction of  social exclusion, higher participation and accompanying empowerment 
of citizens due to improved, more effective communication (Olphert and Damodaran 
2007b), and the opportunity for proactively improving the city (Yeh 2017). In order to 
leverage ICT for realizing successful citizen participation with DPPs, I pose the 
following research question: 
  
RQ: How must a digital participation platform (DPP) be designed that empowers 
citizens to co-create services?  
 
In answering this question, this paper is structured as followed. I analyze the problem 
space and existing solutions using systematic literature reviews (SLR) and systematic 
practice searches (SPS) resulting in five problem categories and the assessment of all 
existing solutions (section 6.4.2). I then outline the methodology, a design science 
research (DSR) approach (Hevner 2007) with three iterations of design and evaluation 
(section 6.4.3). I present the solution, the iteratively designed and evaluated DPP and 
its implemented design features as well as the derived design principles and the 
realized effects and utility of the DPP (section 6.4.4), before I discuss our research and 
its contributions along the streams of research I contribute to, i.e., the solution design 
and utility plus generated design knowledge, citizen participation, structural and 
psychological empowerment as well as co-creation platforms (section 6.4.5). At the 
end, I outline limitations and future research (section 6.4.6) before I finally summarize 
our findings in a conclusion (section 6.4.7). 

6.4.2 Problem Space: Existing Solutions 

In order to design a DPP in a solution-oriented manner, I analyze existing solutions 
first. I do so by analyzing both, literature, and practice in a systematic manner. 
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Thereby, I obtain a state-of-the-art overview and at the same time understand which 
problems have been encountered with such solutions so far, i.e., which problem 
categories are prevalent.  
 
The methodological procedures of the two rigorously conducted, full-fledge systematic 
literature reviews as well as the two systematic practice searches are described in 
detail in the appendix (please see Appendix A.1). As a result, 62 papers and their 
solutions from the 569 papers found in the literature as well as 50 solutions from 72 
practice sources were analyzed and revealed five problem categories. Figure 1 outlines 
the five problem categories as well as the assessment criteria. These criteria were used 
to assess all identified existing solutions in regard to which extent they adequately 
address the corresponding problem category. For all problem categories at least one 
solution could be identified that represented a solution that adequately addressed one 
problem category in an adequate manner (please see “very high / complete” column in 
Figure 24). 

 
Figure 24:  Identified problem categories and assessment criteria for existing solutions. 

Source: Own figure 

All 112 solutions were assessed regarding these problem categories. It can be 
summarized that many solutions mainly address only one problem category 
holistically or few problem categories partially. Current solutions fall short in 

# Problem categories Adequacy of addressing problem category
Founded in the analyzed

literature
None / 

Very Low
Low / 
Minor

Medium High Very High / 
Complete

1
Missing incentives for 

citizens through design 
and media attention

Not 
addressed

Adequately or holistically addressed, 
e.g. Olphert and Damodaran 2007

Citizen Participation and engagement in the Design of e-Government Services: The 
Missing Link in Effective ICT Design and Delivery

2 No collection of citizens’ 
inputs and opinions

Not 
addressed

Adequately or holistically addressed, 
e.g. Simonofski et al. 2018

Hearing the Voice of Citizens in Smart City Design: The CitiVoice Framework

3
No possibility for citizens 

and motivation of 
citizens to give feedback

Not 
addressed

Adequately or holistically addressed, 
e.g. Phang et al. 2015

What Motivates Contributors vs. Lurkers? An Investigation of Online Feedback Forums

4
Missing involvement of 

citizens in decision
making

Not 
addressed

Adequately or holistically addressed,
e.g. Frisk et al. 2014

Design matters for decision makers: Discovering IT investment alternatives

5

No system focus on 
transparency and / or
democracy for both 

citizens and city 
administrations

Not 
addressed

Adequately or holistically addressed,
e.g. Marjanovic and Cecez-Kecmanovic 2017

Exploring the tension between transparency and datification effects of open 
government IS through the lens of Complex Adaptive Systems

Very Low Minor Complete
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addressing all problem categories to at least a high level of adequacy. In Figure 25, I 
extracted the twelve solutions that might be of specifically high relevance, i.e., the top 
three solutions for co-creation as well as for citizen participation solutions from both 
literature and practice. Each of the solutions is briefly described and assessed 
according to the adequacy with which it addresses the corresponding problem category 
as well as on how it nurtures structural or psychological empowerment. 

 
Figure 25:  The Top-3 selected literature and practice solutions. 

Source: Own figure 

An overview of the assessment of all 112 solutions can be found in the appendix (see 
Figure 53 and Figure 55). The appendix also contains a detailed description of the 
differences and shortcomings of these twelve “best-in-class”-solutions. For the main 
part of our DSR paper at hand, I summarize in stating that many solutions exist, but all 
fall short in addressing the identified problem categories holistically or can be 
considered (more than moderately) citizen empowering. This is exactly the research 
gap I want to address. 

6.4.3 Methodology 

In order to design and evaluate a DPP, I follow a three-cycle, iterative design science 
research (DSR) approach (Hevner 2007). In three iterations, I integrate inputs from the 

# Authors Year Title Journal Description Problem Categories (PCs)
- Existing -

Empowerment

PC 1 PC 2 PC 3 PC 4 PC 5 Structural Psychological

C
I
T
I
Z
E
N

P
A
R
T
I
C
I
P
A
T
I
O
N

L
I
T
E
R
A
T
U
R
E

1 Olphert and
Damodaran

2007 Citizen Participation and engagement in 
the Design of e-Government Services:

The Missing Link in Effective ICT Design 
and Delivery

JAIS Presentation of a socio-technical participatory ICT system for e-
government.

2 Lukyanenko
and Parsons

2020 Research Perspectives:
Design Theory Indeterminacy: What Is it, 
How Can it Be Reduced, and Why Did 

the Polar Bear Drown?

JAIS Usage of a design theory as a basis for building an IT artefact for
practitioners.

3 Marjanovic 
and Cecez-
Kecmanovic

2017 Exploring the tension between 
transparency and datification

effects of open government IS through 
the lens of Complex Adaptive Systems

JSIS Analyzation of open data is used for identifying datification patterns in order
to regulate the usage, interpretation and transparency of open data by
many users.

# Title Year Link Description / Key Features / Design Principles PC 1 PC 2 PC 3 PC 4 PC 5

P
R
A
C
T
I
C
E

1 Consul 2006 https://consulproject.org/en/ The practical solution CONSUL is an open-source digital platform for citizen
proposals with focus on a transparent and democratic government.

2 #HoldenObe
rbürgermeist

er

2017 https://holdenoberbuergermeister.de/ With Holdenoberbuergermeister.de, citizen can use a web-based portal for
submitting own ideas. The higher the number of votes, the greater the
probability that the mayor will visit the project initiator.

3 Civic
Innovation 
Platform!

2020 https://www.civic-innovation.de/start Civic Innovation is a digital platform, which brings actors together, who have
ideas and who have the expertise for implementing the ideas.

C
O
-
C
R
E
A
T
I
O
N

L
I
T
E
R
A
T
U
R
E

1 Payton 2016 Cultures of participation—for students, by
students

ISJ Analyzation of the MyHealthImpactNetwork.org initiative, which is based on
the Co-Creation-Theory, is aiming at the provision of user experience for
black female students.

2 Lukyanenko
et al.

2017 Representing Crowd Knowledge: 
Guidelines for Conceptual Modeling of 

User generated Content

JAIS Analyzation of online user-generated content (UGC) in order to give
modeling guidelines for developing such systems.

3 Tavakoli et 
al.

2017 Open strategy: Literature review, re-
analysis of cases and conceptualisation

as a practice

JSIS Analyzation of the co-creation approach within Austrian Automation
Supplier, Daimler, HypoVereinsbank, IBM, Premium Cola, Red Hat and
Wikimedia Foundation.

# Title Year Link Description / Key Features / Design Principles PC 1 PC 2 PC 3 PC 4 PC 5

P
R
A
C
T
I
C
E

1 Lego Ideas 2004 https://ideas.lego.com/#all On the co-creation platform Lego Ideas, fans have the possibility to share
their Lego Set Ideas in a proposal. Highly coordinated ideas are considered
in detail by a jury and can be implemented.

2 Made.com 
TalentLab

2017 https://www.made.com/talentlab/ Within the e-retail furniture Made.com, designer can create own ideas,
whereas customers can vote on existing ideas in order to have the
possibility to determine the next product.

3 SAPiens 2014 http://www.sapiens.info/ SAPiens is an idea community for strengthen SAP stakeholders and
connecting the community to the innovation management process at SAP.
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environment (i.e., challenges from practice; the relevance cycle) as well as from the 
knowledge base (i.e., existing theories and artefacts; the rigor cycle) to iteratively 
design and evaluate our design artefact (i.e., the DPP; the design cycle). To “close” the 
cycles, I provide practical contributions to the environment and theoretical 
contributions to the knowledge base in each iteration, i.e., validated design 
requirements (DR), design principles (DP) or design features (DF). An overview is 
depicted in Figure 26. 

 
Figure 26:  Conducted DSR approach over three iterations and using the three-cycle view 

by Hevner (2007). 
Source: Own figure adapted from Hevner (2007) 

The evaluations in the design-cycle are all based on the DSR FEDS evaluation 
framework of Venable et al. (2016a), which is used to ensure the correctness and 
accuracy of the DSR approach. I follow all recommended four steps of the FEDS 
framework: 1) explaining the evaluation goals, 2) deciding on the evaluation strategy, 
3) determine the evaluation’s characteristics, and 4) the design of the different 
evaluation episodes. In designing a citizen-centric DPP, I combined a human risk & 
effectiveness strategy and a technical risk & efficacy strategy to include both human 
and technical influences and impacts on the DPP. The detailed evaluation procedure is 
summarized in the appendix (see Figure 56) and can be regarded as the 

Three development 
workshops with 

platform developers
• Tech & design

• Incentives through 
marketing

• Testing
----------------------------

+ Live test with citizens 
(N=4352)

Three development 
workshops with citizens
• Developing own 

services

• Evaluating own 
services

• User and usability 
testing on the DPP

Citizen participation

Empowerment

Co-Creation platforms

Two requirements 
elicitation workshops

• City administration

• Citizens

Knowledge BaseEnvironment Design Science

1

Paper-based prototype with five 
submission steps

Evaluated paper-based DPP prototype

Digital participation platform (DPP) 
prototype with three submission steps

Evaluated DPP prototype

Legend
Cycle

Evaluated DPP

Optimized DPP prototype

Action | Artifact | Knowledge
Evaluation i

Iteration
DR: Design requirements
DP: Design principles
DF: Design features

DSR contribution

2

3

Input Output

Validated DRs Validated DRs

Validated DPs Validated DPs

Validated DFs Validated DFs

D

Evaluated DPP Evaluated DPP
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methodological means of ensuring the epistemological interest: the utility of the 
artifact, the presented DPP. 
 
For all steps of our methodology, more details are provided in the results section, a 
clear focus is laid on the design and evaluation of the instantiation of the final 
prototype within this paper, i.e., iteration three of our DSR approach incl. a live test 
with 4,352 citizens. 

6.4.4 The Solution: The Final Digital Participation Platform 

This chapter presents the resulting DSR artifact, the iteratively developed and 
evaluated DPP. In section 6.4.4.1 the DPPs functioning, and its implemented DFs are 
outlined, in section 6.4.4.2 the derived design principles are presented and section 
6.4.4.3 demonstrates the realized utility of the artifact. 

6.4.4.1 The final DPP and its DF 

The submission process for the service projects consists of a 3-step submission (DF1). 
In the first step, i.e., the projects’ short description, citizens describe their project 
(DF6) based on several key questions and indicate the appropriate location on a map 
(DF7). The key questions are: “What's the name of the project?”, “What is the aim of 
the project?”, “Why is the project important?”, “Who is the project intended for?”, and 
“How should the project be implemented?”. Furthermore, citizens can tag the project 
by adding keywords (“What keywords are associated with the project?”). In the second 
step, the project in pictures (visual representation), the citizens can either upload 
photos from the project or use the existing drawing environment with the provided 
design elements (DF8). In the third and last step, project as video (elevator pitch), 
citizens sum up what they will achieve with their project, whom the project is intended 
for, and why the project is important. This can be done by describing, speaking, or 
filming and is usually based on the evaluated elevator pitch framework (DF9). Finally, 
citizens get an overview of their inputs (DF4) and can submit their project after 
accepting the general terms and conditions (DF11) by using their real name, a 
username, or staying anonymous (DF10). After the submission, both the citizen as 
well as the city administration get direct feedback (DF5). In a next step, the city 
administration can review the project and optionally edit it to correct grammatical 
errors, delete, or shift the project to a new voting period based on the request of the 
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initiator and accept or reject the submitted project with mandatory feedback (DF15). 
After acceptation, the project is viewed on the project overview page (DF2) and a 
geographical project map (DF3) page in order to support the search of neighborhood 
activities. Citizens can then vote (DF13) on each individual projects once (as well as 
the city administration) (DF14). During the entire process, news and updates regarding 
competitions and service projects on the platform as well as various (social media) 
channels will be provided (DF12). All activities, except private data about the citizens, 
will be captured with the web analytics tool Matomo (https://matomo.org) and made 
available for free in order to prevent fraud and manipulation by both citizens and the 
city administration (DF16). 
 
Figure 27 contains the submission process (DF1) with step 1 – DF6 and DF7 (left), 
step 2 – DF8 (middle), step 3 – DF9 (right) as well as choosing submission name 
(DF10) and accepting conditions (DF11) after checking the summary (DF4). 

 
Figure 27:  Submission process (DF1) with step 1 – DF6 and DF7 (left), step 2 – DF8 

(middle), step 3 – DF9 (right) as well as choosing submission name (DF10) 
and accepting conditions (DF11) after checking the summary (DF4). 
Source: Own figure  
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6.4.4.2 The underlying DPs of the DPP 
Next to the DPP itself, another outcome of the DSR process was the derivation of five 
DPs, namely DP1-DP5. The DPP was designed based on these five DPs. For the 
derivation of the DPs, the inputs from the first iteration could be used, i.e., the paper-
based prototype as well as the insights and validated design requirements from the 
evaluation workshop. For formulating the design principles, the framework of Chandra 
et al. (2015) was used. Thereby, user activity and different roles of involved actors 
were respected as suggested by (Gregor et al. 2020b).  
 
The resulting DPs are as follows: 
 

• DP01 - For structural orientation and processual clarity, provide easy-to-follow, 
step-by-step processes as well as corresponding measures for ensuring clarity 
about the current process stage. 
 

• DP02 - For high content quality of service project submissions and their 
release, provide structural, “guiding“ elements, as well as publicly available 
resources that empower citizens to provide “rich“, compelling and attractive 
presentations of their suggested service projects. 
 

• DP03 - For adequately respecting diversity as well as heterogeneous needs and 
preferences of all citizens, enable accessibility via corresponding channels and 
devices.  
 

• DP04 - For implementing fairness and democratic principles by-design, ensure 
transparency of each phase, e.g. competition (period) and its results. 
 

• DP05 - For continuously improving the platform and its user experience, 
implement measures for activity and data monitoring as well as regular and 
event-based feedback and adjustment procedures. 

For details on the derivation and validation process of the DPs as well as an overview 
of the derived DRs and their interrelationships to the DRs and DFs, please see 
Appendix A.3 (“iteration 2”, esp. Figure 57). 
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These DPs were implemented in the DPP as follows: 
 
The Citizens can submit a project through an easy-to-follow, step-by-step submission 
process (DP1) by using multimedia-enriched structural “guiding” elements in order to 
create high content quality (DP2). During the submission process, the citizen gets 
continuous feedback and information on whether the project is accepted or rejected as 
well as for adequately respecting diversity and heterogeneous needs (DP3). After the 
service project is submitted by a citizen, the review process by the city administration 
starts in order to check the submission, before the open voting phase starts with the 
acceptance and release of the project in order to guarantee a fairness and democratic 
process during each competition (period) (DP4). During the entire process, all 
(excluding private) activities, and data of both citizens and the city administration is 
captured in order to optimize the platform, provide insights and event-based feedback 
for citizens, as well as prevent manipulation (DP5).  
 
Figure 28 summarizes all five DPs in a structured way. 

 
Figure 28:  Process flow of the DPP architecture and its DPs. 

Source: Own figure  
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6.4.4.3 The resulting measured utility of the DPP 
Among others, the following effects could be measured that demonstrate the DPP’s 
utility: 
 

• During the four-month period, the interaction of 4,352 unique citizens on the 
DPP was registered. 
 

• Based on the voting results, it can be recognized that projects with video and 
images received more votes than projects containing only textual elements. 
 

• The DPP first winning project could present their service project to of the city`s 
mayor. This was also covered by local media and newspapers.  
 

• In one voting period, a particularly high voting rate was recorded. In order to 
check for potential fraud or similar violations of the code of conduct, a review 
of the monitored records was performed. It showed that this service project was 
promoted via a forum, which is a legitimate action. Thus, the relevance of 
recording the DPP`s activities could be shown. 
 

• Individual evidence: A visually impaired person reported back that before the 
launch of the DPP, there was no possibility to present own service projects to a 
greater audience. In another case, a user questioned one of the service projects 
regarding its relevance via social media. As a direct response to this complaint, 
other citizens suggested her to better submit her own service project on the 
newly launched DPP instead of solely criticizing others. 
 

• A scalable white-label version of the DPP was launched in 2021 and can be 
used by cities and municipalities for free. 

All specific effects for each DF can be found in the Appendix A.5. 

6.4.5 Discussion and Contributions 

This chapter discusses the paper’s results along the main streams of research it 
contributes to: 
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• Solution design and utility plus generated design knowledge 
 

• Citizen participation 
 

• Structural and Psychological Empowerment 
 

• Co-creation platforms 

6.4.5.1 Solution design and utility plus generated design knowledge 

The main contribution of this research is the designed and evaluated DPP. I thereby 
present  a nascent design theory (Gregor and Hevner 2013a) and contribute with an 
“improvement” type of theoretical DSR contribution (Gregor and Hevner 2013a) when 
introducing the new DPP solution to the known problem space of effective citizen 
participation. 
 
While the measured utility of the artifact is already presented above, I can also 
demonstrate the successful realization of the “last research mile” with its three steps 
(Nunamaker et al. 2015). First, the proof-of-concept is used to check whether a 
solution is functionally feasible. This can be regarded as confirmed because the DPP is 
functionally feasible and has already gone live. The proof-of-value is determined 
under various conditions when a solution generates a value. This can also be 
confirmed, as the DPP has delivered value in the form of the submitted service 
projects themselves, which in the end have also generated value. In the final step, the 
proof of use is used to examine the operational feasibility of complex issues by the 
creation of self-sustaining and growing communities (Nunamaker et al. 2015). The 
proof of use is also given and is demonstrated by reporting on the following anecdotal 
evidences: a visually impaired person reported back that there was no possibility 
before to present their own project to the public combined with the acceptance of the 
city administration; in another case, a user complained about possible funding being 
used for an existing project instead of using it for the development of sports fields, 
which would be more appropriate, whereupon another user indicated that it is possible 
to submit their own project instead of complaining about it. I aim at building the DPP 
that empowers citizens, as experts of their everyday life, to independently develop 
their own service projects.  
 



 

122 
 

With the elicited design requirements as well as the derived design principles and 
design features, I moreover generate new design knowledge that can be used for 
building future solutions and consecutive DSR artifacts in this domain of societal 
importance. 

6.4.5.2 Citizen Participation 

The DPP is a form of digital means for effective citizen participation. While citizen 
participation’s potential to be a strategic tool for city administrations in order to 
promote society for improving city living has been elicited (Mueller et al. 2018), the 
potential of digital citizen participation is particularly high (Paskaleva et al. 2018) and 
has increased in importance through COVID-19. In this context, citizens represent 
“sensors”, who provide knowledge based on their competences as experts of their 
everyday life (May and Ross 2018; Castelnovo 2016a) and who co-create city services 
(Castelnovo 2016a; Levy and Germonprez 2017) and provide feedback in order to 
improve city living (Gabrys 2014). Thereby, the heterogeneous skills of citizens are 
leveraged and support citizens in the process of implementing their own projects by 
using ICT (Gabrys 2014). The paper at hand contributes by the DPP as a design 
artifact that allows exactly that and is supposed to nurture digital citizen participation.  
 

From a city administration side, the usage of ICT concepts is supposed to strengthen 
the interaction and communication with citizens and should be complemented by other 
approaches that further foster an open dialogue with citizens (Viale Pereira et al. 
2017). A participation spectrum has been developed which consists of five different 
levels and shows the increasing influence of citizen participation on decision-making 
(IAP2 International Federation 2014). Existing research has discussed these levels, 
ranging from research discussing the “inform” level (Macintosh 2004), the “consult” 
level (Phang and Kankanhalli 2005), the “involve” level (Granier et al. 2016) as well 
as the level of “collaboration” (Castelnovo 2016a) and the highest level of 
“empowerment” (Gutierrez et al. 2018). To the best of our knowledge, the paper at 
hand is the first that contributes by closing the research gap of knowledge on how to 
design and implement ICT to empower citizens to participate in city administration 
and thereby addressing this highest level of citizen participation. 
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6.4.5.3 Structural and Psychological Empowerment 

The DPP was designed to empower citizens to co-create their own services. 
Empowerment of itself is about increasing the power of individuals in order to enable 
them (as well as institutions, here: their environments, i.e. the cities) to achieve 
objectives in a more efficient and effective way (Elmes et al. 2005). Empowerment is 
viewed from a (socio-)structural perspective, i.e. structural empowerment, and from a 
psychological perspective, i.e. psychological empowerment (Spreitzer 2008). The 
(socio-)structural perspective focuses on structures, practices, policies, and services 
with the aim of adapting and transforming the structures of institutions.  In addition, it 
gives individuals better access to resources, information, and development 
opportunities, as well as greater freedom of decisions and actions (Spreitzer 2008). 
The psychological perspective focuses on the intrinsic motivational aspects of 
individuals and on individual experiences (Conger and Kanungo 1988; Spreitzer 
1995), with the aim of investigating the individual and subjective interactions of the 
individuals (Spreitzer 2008). The positive effect of empowerment can only be 
achieved by combining both structural and psychological empowerment (Spreitzer 
2008).    
 
In this context, our final DSR artifact, the DPP, contributes to both structural 
empowerment as well as psychological empowerment. While the concept of 
empowerment has been studied in the context of organizations and its employees 
(Durward et al. 2019), it has been largely neglected in the city domain, the structures 
of (digital) citizen participation, and the integration of the corresponding stakeholders. 
This paper closes this gap and contributes by showing how a DPP can be designed as 
one form of structural empowerment in the city context. Also, it contributes as it 
fosters psychological empowerment of citizens on an individual level. This is 
especially relevant in the city domain as a field of public services where all citizens 
with their heterogeneous needs are to be considered. The realized psychological 
empowerment is demonstrated by citizens who used the DPP to co-create their own 
services. 

6.4.5.4 Co-Creation Platforms 

The DPP is a platform that allows for the co-creation of services by citizens and other 
city ecosystem stakeholders, e.g., the city administration. Co-creation as the active 
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involvement of individuals in different stages of the service development process 
(Voorberg et al. 2014) to create value (value co-creation) (Zwass 2011) by 
collaborating creatively in a social process (Roser et al. 2013) has been studied for 
many years. It goes beyond the usual participation in processes; individuals are 
considered partners in the development and delivery process of services (Voorberg et 
al. 2014). Co-creation is about satisfying the needs of specific individuals (Zwass 
2011). For enabling co-creation, digital platforms offer a possibility to design 
environments in order to increase individuals’ experiences and to stimulate 
individuals’ idea innovation within institutions (Lipusch et al. 2020). Many such co-
creation platforms already exist and have been researched: e.g., online idea 
communities, toolkits for innovation, forums, and reward-based crowdfunding. 
Organizations use such co-creation platforms for integrating the users into their 
ideation and development process (Lipusch et al. 2020). While there also has been 
research on platforms in the city context, e.g. for the collection of new ideas or urban 
planning  (Schmidthuber and Hilgers 2018), these attempts of citizen involvement can 
be characterized as top-down approaches. Also, research has been conducted about 
incorporating citizens’ experiences and information about their everyday life into the 
development processes of public services (Castelnovo 2016a). While city 
administrations have tried to use the knowledge of citizens for the co-creation of 
public services (Abu-Tayeh et al. 2018), this has not been realized through supportive 
digital artifacts such as digital platforms. The DPP closes both gaps and provides a 
digital platform for co-creating services.  
 
Coming from a bottom-up perspective, the citizens role for co-creating public services 
has been investigated (Osborne et al. 2016), e.g. in the context of citizen-generated 
content and corresponding services (Castelnovo 2016a). However to achieve such 
active citizenship (Linhart and Papp 2010), support from organizational leaders must 
be ensured through co-creation platforms and functionalities (Saari et al. 2015) such as 
voting, etc. (Lipusch et al. 2020; Schmidthuber and Hilgers 2018). This combination 
of top-down and bottom-up approaches seems appropriate. It has only been studied in 
general (Homsy et al. 2019), not in the city context. It is at the core of the presented 
DPP with its distinctive design features that integrate both approaches and thereby 
enable empowered citizens who actively participate by co-creating services. Thereby, 
this paper contributes to research on digital co-creation platforms. 
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6.4.6 Limitations and Future Research 

The development and deployment of the DPP was carried out in a mid-size German 
city. Due to different regional conditions, special design features, e.g., logos and color 
of the German city, may have been chosen. Nevertheless, this has been taken into 
account and can be adapted by simple and quick adjustments. In this context, it should 
be mentioned that also a scalable version of the DPP was launched in 2021. This was 
supported by the government of one of Germany’s federal states. Thereby, other cities 
have the possibility to set up, adapt and promote their own DPP in only 3 steps. In this 
context, future research might focus on effective scalability and corresponding 
validation of the DPs. Future research might put a particular focus on such scalable, 
open-source solutions of digital citizen participation. 
 
Within a city, there are various risks for technology-driven projects and innovation-
unfriendly conditions (Nam and Pardo 2011a). That is why initiatives often fail, e.g. 
due to existing regulations that apply when implementing new solutions into existing 
structures of the city administration (Olphert and Damodaran 2007b). While such 
obstacles could not be avoided completely, compromises regarding functionalities, 
e.g., a necessary registration as well as an avoidance of a common Facebook login, had 
to be made during the creation due to the specification of the city administration, but 
could be reduced to a minimum as both citizens and the city administration have been 
integrated from the beginning.  
 
After the go-live of the DPP, the main challenge was to keep the platform alive, 
citizens and stakeholders active and guarantee regular operation which is known to be 
a challenge (Bretschneider et al. 2018). While I integrated already gained insights from 
the evaluated community fostering reference model of Bretschneider et al. (2018), not 
all its aspects could be realized in a holistic manner. Future research might extend 
efforts on designing and examining ways to realize effective integration of citizens’ 
inputs (here from the DPP) into administrative workflows. 
 
The DPP can be considered a successful instantiation and form of structural 
empowerment in a highly specific field of public services, i.e., the city context. One 
particularity of the city context is that city administrations as one important 
stakeholder have the obligation to serve the whole public, i.e., all citizens with their 
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highly heterogeneous needs. Future research might examine how to design forms of 
structural and psychological empowerment in other fields of the public sector or also 
in the private sector. 

6.4.7 Conclusion  

Following a design science research (DSR) approach, this paper uses three iterations to 
design and evaluate the DPP, each iteration covering activities along the rigor cycle, 
the relevance cycle and the design cycle. The DPP has been successfully launched in 
the summer of 2019 and empowers citizens to co-create own service projects. Among 
other features, the DPP guides citizens through a systematic, 3-step co-creation 
process allowing citizens to (1) describe their own initiative, (2) provide a visual 
representation, and (3) present a video-based elevator pitch. The paper presents the 
systematic derivation and elicitation of 11 design requirements, five design principles, 
and 16 distinctive design features for the DPP.  
 
In terms of citizen participation, this paper contributes by being the first to realize the 
highest level of citizen participation, i.e., empowerment, by designing, implementing, 
and actively running the DPP. 
 
In this context, the DPP also contributes to the research stream of empowerment as it 
represents a form of structural empowerment. Introducing the DPP as an artifact that is 
driven by empowerment-by-design is new to the city context. Moreover, I thereby 
instantiate a solution fostering psychological empowerment that enables citizens to 
realize and co-create their own services and projects for their viable and sustainable 
recreation, living, and working areas. 
 
I extend knowledge on co-creation platforms to the domain-specific context of cities. 
This is of high relevance and societal importance as this public sector domain is 
specifically challenging because of its obligation to address the whole public, i.e., all 
citizens and their heterogeneous needs. For co-creation platforms in the city context, 
this paper delivers prescriptive knowledge for implementing transparency and 
democratic principles by-design. 
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Most importantly, I contribute to research by designing and evaluating the DPP. As a 
result, I make a contribution of the form “improvement” by developing a DPP as a 
new solution for a known problem (Gregor and Hevner 2013a) by using previous 
knowledge in order to build an innovative artifact. Consequently, the built and 
evaluated DPP is an DSR artefact which represents a nascent theory of design and 
action (Gregor and Jones 2007; Vaishnavi et al. 2004/17). Also, new design 
knowledge is created - in the form of 11 design requirements, 5 derived and evaluated 
design principles, and 16 implemented design features for digital means of citizen 
participation and the resulting DPP itself. The evaluation was conducted by three 
evaluation workshops following an overall evaluation strategy combining a human risk 
& effectiveness strategy and a technical risk & efficacy strategy in order to include 
both human and technical influences and impacts on the DPP. Thereby, designers of 
DPP, decision makers in city administrations and stakeholders within this specific city 
ecosystem are assisted to design state-of-the-art, digital means of participation. With 
our research, I hope to also contribute to solutions that implement democratic 
principles by-design.  
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7 Case II – Digital Collaborative Learning and Qualification 
Platform in the Private Sector8 

“For the things we have to learn before we can do them, 
we learn by doing them.” 

- Aristotle -  

This section is about the design and evaluation of a digital learning and qualification 
platform as a co-creation system in order to support the co-creation of situated work-
process-related learning material. 

 
  

 
8 This section is based on 
(1) Billert, M. S.; Weinert, T.; Janson, A.; Leimeister, J. M. (2020): Co-Creation durch Peers im 
digitalen Lernen – Wie Plattformen und Chatbots die Partizipation bei der Lernmaterialerstellung 
begleiten können. HMD Praxis der Wirtschaftsinformatik, Ausgabe/Nummer: 57, Vol. Personennahe 
Dienstleistungen der Zukunft, Erscheinungsjahr/Year: 2020. p. 1–22. 
(2) Weinert, T.; Billert, M.; Thiel de Gafenco, M.; Janson, A.; Leimeister, J. (Under Review): Design 
of a Co-creation System for the Development of Work-Process-Related Learning Material in 
Manufacturing. Journal of Computer Supported Collaborative Work (JCSCW). 
(3) Billert, M.; Weinert, T.; Thiel de Gafenco, M.; Janson, A.; Leimeister, J. M. (Under Review): 
Green Light for the Interactive Work-Process-Oriented 360-Degree Learning Environment. IEEE 
Transactions on Learning Technologies. Special Issue. Designing Technologies to Support 
Professional and Workplace Learning for Situated Practice. 
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7.1 Co-Creation by Peers in Digital Learning 

7.1.1 Introduction 
Chatbots are increasingly used for training purposes both in the university sector and 
in vocational training. About 33% of companies in the DACH region plan to 
implement a chatbot to support their in-house training in order to improve participation 
in such person-centered services and training processes. Training processes can be 
supported by chatbots guiding both learners and experts. In production, employees are 
usually trained directly by experts, as the knowledge for using machines has to be 
taught in a practice-oriented way (learning by doing). However, the associated self-
directed learning based on expert knowledge is still in its infancy, particularly in the 
international context of initial and continuing training, which is important for 
Germany. (Ernst et al. 2016a). One reason for this development is the frequent lack of 
learning material necessary for the self-directed training of employees. At the same 
time, in the age of digital services, the distinction between producers and consumers is 
becoming blurred (Wegener and Leimeister 2012b). Due to the change from 
employees to prosumers, the creation of learning material by employees in concrete 
teaching–learning scenarios is one way to overcome the business challenges in the 
context of training processes. In this context, chatbots can help to support employees 
individually in this process of creating learning materials and to improve the quality of 
the produced learning materials (Weinert and Thiel de Gafenco 2020). 
 
However, while more and more companies rely on chatbots in vocational training, 
neither research nor practice have a clear understanding of how employees can be 
supported in the process of creating learning material with IT artifacts such as chatbots 
and how these can be integrated into the process of person-centered services. In 
person-centered services, the focus is on people, i.e., service providers and service 
recipients cooperate with each other, and innovative systems such as chatbots promise 
great potential for service delivery processes in person-centered services as well. Only 
a small number of studies have shown a positive impact of chatbots on learning 
success and satisfaction in university settings. From a learning theory perspective, 
people often struggle within value-added processes because the available options are 
not tailored to their needs. One possible solution is the use of chatbots to guide people 
individually through the creation process to improve both the quality of the learning 
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material produced and the motivation of the creators. However, it is unclear how such 
a chatbot needs to be designed to support employees efficiently. 
 
So far, the use of chatbots in vocational training is rather rare and there is a 
corresponding lack of validated knowledge for their design. Therefore, I address these 
problems by systematically developing a chatbot based on requirements, which 
supports employees in the development of high-quality learning materials. In 
particular, the design of the dialog-oriented user interface, i.e., the interface between 
the user and the chatbot, is of central importance to me. I classify our smart personal 
assistant according to the typology of Knote et al. (2020) into the cluster of chatbot 
assistants and apply a design-oriented research approach (Hevner 2007). The design-
oriented research aims to derive as many target group-specific requirements as 
possible from both theory and practice, e.g., via focus group workshops, which are 
group discussions with potential users. In doing so, I translate the requirements 
according to the criteria defined by Chandra et al. (2015). Design principles serve as a 
basis and guidance for decision makers to design their own solutions. Therefore, the 
research objective of this paper can be formulated as follows: 
 
How must a platform and chatbot be designed to accompany participation in the 
creation of learning materials through a co-creation process? 
 
To answer the research question, I will first explain the theoretical background of 
learning as a service and of co-creation by peers in learning services. In the third 
section, the design-oriented approach of Hevner (2007) is described and applied. I will 
present the developed design principles as well as the digital prototypes of the two 
iterations, and finally explain our contribution. 

7.1.2 Theoretical Background 

7.1.2.1 Learning as a Service 

Services are characterized by the cooperation of provider and customer with the 
resulting benefit. This involves contributing to the value creation of the service by 
several actors working together in a specific context (value co-creation) (Böhmann et 
al. 2014). The application of knowledge, competencies, and skills are reflected in the 
processes, deeds, and performances for others or oneself. In this context, one speaks of 
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service creation when by using appropriate process models, methods, and tools the 
service is created (Leimeister 2020). The aim is to make use of customer orientation 
and to exploit the potentials of economic efficiency, quality, and innovation 
(Leimeister 2020). The interaction of information, technology, organization, and 
people is a central aspect in the value creation process for the creation of new or the 
improvement of existing services. In the case of digital learning, value co-creation 
takes place in the company service system in which employees not only increase their 
own knowledge through existing learning materials, but they also participate in the 
generation of learning materials. In doing so, they have the opportunity to access 
technologies and information together with the company. Employees produce learning 
content that is then consumed by other employees or by themselves. Thus, employees 
become prosumers who, as central actors, proactively contribute to the development 
and improvement of their work processes and thus to the economic success of the 
company by optimizing the process. In order to determine the necessary requirements 
for the creation of learning services, it is necessary to analyze the existing resources 
and services of the company's service system. In doing so, it is important that the 
knowledge and ability of the employee as an individual to create learning content is 
fostered by essential interaction with the company to generate value. This interaction 
includes the exchange of learning content and knowledge about possible ways of 
designing learning materials, which enables the best possible integration of the 
creation process into the work process. As a result, new knowledge is gained for each 
of the actors, such as new process knowledge for the learner or new pedagogical skills 
for the peers. Peers are colleagues from the same context-specific environment who 
are willing to absorb and share knowledge in order to learn through it. The view is not 
too different from what I think of as 'traditional' service provision, where there is a 
relationship between provider and client or service provider and client (Maglio et al. 
2009). In our case, the delivery of learning as a service happens between the company 
as the provider and the employees as the customers, who, however, as prosumers 
create their own learning material, which they later use themselves. 

7.1.2.2 Co-Creation by Peers in Learning Services 

In order to understand peer co-creation in learning services, the origins should be 
considered first: Peer learning is a particularly important tool for learning even without 
the use of technology, for example, in group learning, but the digitalization of these 
learning processes offers the potential to enable scalability in peer learning and 
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corresponding co-creation processes. Smart products can have a special role in this, 
offering the possibility to connect the digital world with the physical world and thus 
enabling the collection of contextual data about the learner. Through the use of 
sensors, smart products such as smartphones or personal assistants, such as Amazon 
Alexa or chatbots, can obtain contextual data about the employee and their work 
situation, communicate with other products and actors, and thus enable entirely new 
possibilities in the design of learning services (Knote et al. 2020). The result is 
intelligent learning systems that digitally support the learner in the learning process in 
the real world by providing suitable, pre-selected information through the use of 
artificial intelligence. Characteristic of learning is a change in behavior based on 
experience gained through discussion and conversation. In this process, a person learns 
based on their own experiences and links them to their prior knowledge. The concept 
of co-creation by peers is based on theories of social constructivism and refers to 
learning with and from peers (Wegener and Leimeister 2012b). The increasing use of 
information and communication technologies, which mediate the collaboration 
process, leads to a blurring of the roles between learners and teachers (Oeste-Reiss et 
al. 2016). The collaboration process is one in which several people work together to 
develop or implement something and is particularly important to understand when 
humans and machines work together. For example, participants may act as the teacher 
or creator of learning materials for one situation and as the learner or consumer of 
learning materials in another situation. Since the creation of high-quality learning 
materials is a costly and time-consuming process, the idea of learning materials being 
created by learners themselves is a widely discussed approach. Most often, people feel 
motivated when they have the opportunity to contribute to a learning product 
(Wegener and Leimeister 2012b). In the process of creation, the goals and structure 
can be open-ended or predetermined by an instructor (Oeste-Reiss et al. 2016). Since 
the creators of learning materials often do not have didactic experience, pre-structuring 
learning materials can increase the quality of the learning materials (Oeste-Reiss et al. 
2016). The created learning contents usually have a situational character and therefore 
describe work tasks which can be learned by simple hand movements or work 
processes. Against this background, often only small contributions, comments, or 
discussions are created. In the case of VET, this type of posting adds value to the 
systems by allowing learners to quickly create and consume learning materials. Our 
research therefore focuses on the creation process for such short learning materials 
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using intelligent assistants, i.e., chatbots in our case, to guide employees through the 
process of co-creation by peers. 

7.1.3 Methodological Approaches in Design Science Research 

In order to systematically conceptualize and implement a platform for the creation of 
employee-initiated learning contributions for the teaching–learning process, a design-
oriented approach in several runs is necessary. For the sake of completeness and for a 
better understanding of how the artifacts, e.g., platforms and chatbots, or the 
associated design principles were created, it is briefly summarized below. I take up the 
method of the three cycles (relevance, rigor and design) of the design-oriented 
research of Hevner (2007) and use the FEDS framework by Venable et al. (2016b). 
For this, the artifact is evaluated using a combined human risk and effectiveness and a 
technical risk and efficacy strategy. In the first iteration, on the one hand, knowledge is 
transferred from the environment via the relevance cycle to a focus group workshop in 
combination with a work process analysis for the creation of the artifact. On the other 
hand, knowledge on the topic of cognitive load is transferred via the rigor cycle. Based 
on the two contents I have created in the first iteration, the teaching–learning process 
using the design cycle in the form of a platform. With the help of an evaluation 
workshop, the evaluation of the platform of the teaching–learning process takes place. 
As a result, the knowledge gained from the evaluation workshop is used to expand the 
current knowledge base on the topic of cognitive load and the existing work process. 
In the subsequent second iteration, another focus group workshop will be conducted 
and existing knowledge on the topic of co-creation by peers and social constructivist 
learning theory will be drawn upon to build upon the first artifact and the associated 
current knowledge of cognitive load. In the design cycle, in addition to the input from 
the two cycles, the knowledge from the first evaluation workshop is used to develop an 
adaptation of the platform submission process and an initial instantiation of the 
teaching–learning process with a chatbot based on the first platform-based prototype. 
The systematic submission process and integrated chatbot will be reviewed in a second 
evaluation workshop, which is part of future research. Figure 29 shows the cycle runs 
in the first and second iterations.  
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Figure 29:  First and Second Iteration following Hevner (2007) in combination with the 

FEDS Framework of Venable et al. (2016a). 
Source: Own figure 

7.1.4 Design and Evaluation of a Teaching–Learning Platform with a 
Chatbot to Support Co-Creation by Peers 

The following describes the design and evaluation of the teaching–learning platform, 
which was carried out in two iterations. In the first iteration, the platform was applied 
on the shop floor of a German company in its production of infusion therapy products 
in China. The German industrial company is an international pharmaceutical and 
medical technology group specializing in production. The majority of the domain-
related design activities were also carried out in the described context. The first 
iteration describes in particular the design of the platform, and the second iteration 
describes the process support on the platform by a chatbot, which accompanies the 
service creation process as a smart personal assistant. The structure of the two 
iterations is analogous. First, the practice is described, then the theory, and finally both 
bases are used to create and evaluate the artifact. 

7.1.4.1 Requirements from the Practice of the First Iteration 

In addition to the theoretical derivations of the system requirements outlined above, I 
have identified practical requirements for the co-creation process of learning materials 
in the production work process. In order to get a better understanding of the current 
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work situation of the employees as well as the physical environment of the employees 
in the production context and to be able to better understand the processes, a work 
process analysis was first conducted for this purpose. Based on these results, the focus 
group workshop was conducted to uncover possible further requirements. Thus, 
requirements for the integration of the application into the work process were 
identified and problems in knowledge generation were pointed out. Focus group 
workshops are an effective way for participants to generate ideas. The work process 
analysis and the focus group workshop took place in the production of a company in 
the health sector. 

Work Process Analysis 

The data collection was accompanied by the use of methods of work process analysis 
with which, in addition to the external framework conditions, content-related focal 
points of the learning content creation could already be set. Specifically, assembly and 
quality inspection processes at several production companies were documented and 
their connection to overlying business processes as well as training and further 
education needs were highlighted. 

Focus Group Workshop 1 

In the first step, I tested the existing work process under real conditions using an 
existing platform with three employees in order to better understand the process flows 
on the one hand and the process of learning material creation by the employees on the 
other (Figure 30). The three technical staff members were responsible for monitoring 
an automated production line. The employees are very experienced with the 
production process and had an average tenure of 1.6 years. This is particularly high for 
China, which has an average employee turnover rate of over 20% per year (Anvari et 
al. 2014). The supervisor has worked for the company for 8 years. The overall 
objective of the workshop was to identify requirements for the system to reduce the 
cognitive load of individual employees during the creation of learning materials in the 
work process. At the beginning, employees were given the opportunity to familiarize 
themselves with the learning platform and its features. Since the workshop took place 
during the work process, employees were introduced to the platform one at a time and 
one by one. The employees were asked to document their work tasks during the work 
process with the help of a platform. In doing so, the employees could decide for 
themselves whether they wanted to develop and upload media files (e.g., photos or 
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videos) or only descriptive texts. During the creation process, the employees had to 
give the generated content a title, name the associated work process, estimate the 
degree of difficulty of the execution, and name the necessary prior knowledge for the 
later execution. Following the creation phase, the content was reviewed, refined, and 
approved by the supervisor to ensure that the content created was understandable and 
correctly designed. After each piece of content was created, employees were asked for 
suggestions for improvement and problems in the creation process. A total of four 
requirements were identified. The requirements are shown in Table 7. 

 

 
Figure 30:  Work process from production (company-specific content anonymized). 

Source: Own photos 

 

Consolidated Requirements from Practice 

Table 7 below summarizes all the requirements from practice (P) of the first iteration 
(I1): 

# Design requirement from practical application 
I1P1 The platform should provide an opportunity for interaction with the real world 
I1P2 The platform should support the employee in creating 
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I1P3 The platform should enrich and visualize the content 
I1P4 The platform should take into account the experience of the employee  

Table 7: Consolidated requirements from the practice (P) of the first iteration (I1). 
Source: Own table 

7.1.4.2 Requirements from the Theory of the First Iteration 

Cognitive Load 

In this section, I review the three different causal factors of the cognitive load theory 
as proposed by Choi et al. (2014) and attempt to address each possible theoretical 
conflict through a narrative literature review. Cognitive load theory provides a 
framework for designing learning materials. In principle, the theory assumes that the 
capacity of the working memory is limited. This is particularly relevant when 
processing new information. With this in mind, it is important to design the learning 
and creation process in a way that counteracts cognitive overload of the learner. In 
summary, I can identify five theoretical prerequisites for the design of the platform in 
an industrial context. The results are presented in Table 8. The first requirement (I1T1) 
addresses the problem that the creation process must be integrated into the workflow. 
Since various factors (visual and auditory distractions) may occur during the work 
process, the platform facilitates the creation of content at times with little or no 
distractions (Choi et al. 2014). For example, an employee can create content at times 
when they are only engaged in minor monitoring tasks. The second requirement (I1T2) 
related to the environment refers to the design of the platform itself. It should adhere to 
existing design conventions in different markets, reflecting the expectations of 
employees (Ernst et al. 2016a) as well as the familiar design preferences of employees. 
The requirement (I1T3) for a clear structure of the design process reflects the need for 
repeatable routines to reduce cognitive load (Janson et al. 2019). As Janson et al. 
(2019) mentioned, the simultaneous addressing of channels (auditory and visual) with 
different information should be avoided. Two requirements regarding the 
consideration of the learner per se could be identified. The first requirement (I1T4) 
refers to the competence of the person. The platform should be able to adapt to the 
level of experience of the employee, especially in the form of additional support 
during the creation process for less experienced employees in order to support 
appropriation processes (Janson et al. 2019; Schneider et al. 2018). This notion of 
experience includes both work process knowledge and experience in the centered 
knowledge creation process. Furthermore, elements should be implemented on the 
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platform (I1T5) that improve the motivation of users to generate and document 
knowledge (Schneider et al. 2018), for example, so-called gamification elements 
(Schöbel and Janson 2018). These are playful elements that are specifically used to 
activate and motivate learners. 

Consolidated Requirements from Theory 

Table 8 below summarizes all the requirements from the theory (T) of the first 
iteration (I1): 

# Design requirement from theory 
I1T1 The platform should take into account the real workflow 
I1T2 The platform should match the cultural and company-specific design preferences of the 

employees and the company 
I1T3 The platform should provide guidance to the learner on how to structure the procedures for 

storing knowledge 
I1T4 The platform should take into account the expertise of the employee 
I1T5 The platform should positively influence the motivation of the employee 

Table 8: Consolidated requirements from the theory (T) of the first iteration (I1). 
Source: Own table 

 

7.1.4.3 First Iteration of the Teaching–Learning Process 
Starting from the design and development phase of the DSR approach, the following 
section lists design elements that take into account the identified cognitive load theory 
and baseline requirements. Many approaches attempt to connect the digital world with 
the real world. For example, QR codes offer the possibility of enriching the real world 
with digital content. Therefore, I integrated a QR code scanner to allow employees to 
quickly and easily store content related to specific work processes (I1P1, I1P2, I1T1, 
I1T3). When designing the user interface, great attention must be paid to the actual 
user group of the platform and their cultural background as well as the specific 
corporate culture. The primary users of the platform are employees from the 
production level. Therefore, existing UI concepts of the company and research on 
culture-specific UI are taken into account (I1T2, I1P4). One of the biggest problems 
with digital IS systems is both the lack of interaction with the system and with other 
users of the platform (e.g., other employees). This lack of interaction means that 
employees need to be able to independently create and retrieve knowledge on the 
platform. With this in mind, it is important to provide learners with support and an 



 

139 
 

opportunity to interact in order to initiate and support this process. When investigating 
the effects of visual distractions on cognitive load, it was found that irrelevant 
information should be removed to avoid cognitive load. A structured process based on 
targeted questions should reduce the complexity of the creation process for the 
employee (Janson et al. 2019). The use of these targeted questions is intended to avoid 
possible distractions in the knowledge creation process (I1P2, I1P3, I1T3). The use of 
gamification, i.e., the use of game elements in a non-game context, was tested 
frequently and in different contexts, e.g., by using badges when solving tasks. It has 
been shown that the use of gamification can reduce the cognitive load of individuals 
(Schöbel and Janson 2018) (I1P4, I1T4, I1T5). Employees' prior knowledge also has a 
major impact on cognitive load. This assessment was confirmed during the focus 
group workshop, as more experienced employees were able to handle the prototype 
much more easily and effectively than employees who do not have similar experience. 
The integration of a user profile where the user's experience can be updated is seen as 
an important addition. Based on this information, the system can adapt the creation 
process and link the content creation to a certain level of experience of employees 
(I1P4, I1T4, I1T5). The developed platform can be viewed in Figure 31. 
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Figure 31:  Submission process of learning materials with the input mask of the teaching-

learning platform. 
Source: Own figure 

 

7.1.4.4 First Evaluation Workshop of the First Iteration 
To evaluate whether the derived design elements lead to low cognitive load and higher 
learning outcomes, as depicted in our research model (see Figure 29), I developed a 
prototype to address the design considerations. The evaluation was implemented 
through piloting in vocational schools. For this purpose, an exemplary work process 
scenario was developed and implemented in a vocational school (Figure 32). For this 
purpose, 7 vocational students used the learning environment to create learning content 
in the work process. The vocational school was chosen as the place for the evaluation 
because here the vocational students find similar work processes and machines as in 
the production, but they have more time for the execution and for the correction of 
errors. On the one hand, this ensured that the learning materials could be produced by 
users with a low level of knowledge. On the other hand, the first evaluation saved the 
company time and money, as the industrial machine could continue to produce during 
the evaluation period. The participants were questioned during and after the production 
regarding their handling of the learning environment. In particular, they were asked 
how high they would rate their cognitive load during the creation of the learning 
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materials (Janson et al. 2019). As a result of the workshop, it could be stated that the 
participants would have wished for more support in the creation of learning materials. 
On the one hand, this can take place through systematic assistance in the input mask or 
via a smart personal assistant. In this context, chatbots as assistants offer a simple way 
to guide people through a text-based chat interaction by a predefined process (Knote et 
al. 2020) (I1P1, I1P2, I1T3). For the second iteration, I therefore consider an 
information chatbot to guide the employee through both the creation process and the 
process of finding and using the content (Knote et al. 2020). 

 

 
Figure 32:  Evaluation of the learning and creation platform in a vocational school. 

Source: Own Photos 

 

7.1.4.5 Requirements from the Practice of the Second Iteration 

Focus Group Workshop 2 

The workshop was conducted at the off-site manufacturing facility of the medium-
sized pharmaceutical and medical supplies company in the Jiangsu province, China. 
Participants were from both manufacturing and operational organizational units 
responsible for vocational training activities in the company. In order to capture all 
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relevant requirements for the development of the chatbot prototype, I follow the 
process described by Briggs et al. (2006). This approach picks up how collaborative 
creation is done using design patterns. Design patterns are descriptions of reusable, 
known solutions to recurring problems (Briggs et al. 2006). Part of the approach are all 
activities, sequences, group dynamics, actions, capacities, limitations, and rules 
necessary for collaborative creation. The results of the workshop are shown in Table 9. 
 
I2P1 focuses on the problem of integrating the creation process into the work process. 
Here, various distractions can occur (e.g., machine downtime due to missing or 
misplaced parts) that require an interruption of the creation process. The employees 
found such interruptions of the creation process challenging. Therefore, the chatbot 
should support the employee by providing assistance in resuming the learning content 
creation process. I2P2 addresses the problem that the responsibility for a particular 
content is unclear. In addition, comments and criticisms often do not reach the creator, 
so they cannot be addressed in the content revision process. Often, employees are not 
aware of the learning material that already exists. As a result, solutions to problems, 
for example, have been documented multiple times because the content is stored 
differently. I2P3 tends to address this problem by systematically searching for 
duplicates in the system within the learning process. During manufacturing, changes in 
product specifics often lead to changes in the production process and therefore changes 
in the workflow of employees. These changes eventually lead to changes in the 
learning material. Since small changes often require the adaptation of entire 
documentations, they are costly and difficult. Therefore, an update function of the 
materials is important (I2P4). 

Consolidated Requirements from Practice 

Table 9 below summarizes all the requirements from practice (P) of the second 
iteration (I2): 

# Design requirement from practical application 
I2P1 Resumption of an interrupted creation process 
I2P2 Unclear responsibilities regarding the information presented in the learning material 
I2P3 Recognition of already created posts with similar content 
I2P4 Updating of the learning material created 

Table 9: Consolidated requirements from the practice (P) of the second iteration (I2). 
Source: Own table 
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7.1.4.6 Requirements from the Theory of the Second Iteration 

Co-Creation through Peers 

Overall, the creation of learning materials is a complex process that requires 
experience and background knowledge on the part of the creator of the material, as 
both a didactic and technical perspective must be taken. Therefore, it is important that 
the creators of the learning materials are given clear instructions in this process (Hall 
and Stegila 2003). Otherwise, they will not know what to do and the quality of the 
content will decrease. Therefore, the chatbot should give clear instructions during the 
creation process (I2T1). One of the key problems in using the created learning material 
in learning processes is the lack of responsibility for the material if the material does 
not meet the learner's needs (Hall and Stegila 2003). If a sense of responsibility for the 
learning material is created, the quality of the learning material may increase as the 
creator may be praised for good quality or reprimanded for low quality. Therefore, it is 
possible that the effect of the sense of responsibility is enhanced when clear 
accountability is created on behalf of the creator of the learning material (I2T2). In 
general, the quality of the learning material depends on the experience and knowledge 
of the author (Hall and Stegila 2003; Wegener and Leimeister 2012b). Experts can 
create learning materials more easily than inexperienced employees (Wegener and 
Leimeister 2012b). Since the Chinese vocational education system has a very theory-
based approach, where practical training is very short, the previous knowledge of 
employees may vary greatly. Therefore, the employee's experience should be checked 
in the creation process (I2T3). Since staff members are mostly non-experts in the 
creation of learning materials, it is necessary to support them during the creation 
process (Hall and Stegila 2003). Regular feedback can therefore help them to structure 
the self-directed creation process (I2T4). 

Consolidated Requirements from Theory 

Table 10 below summarizes all the requirements from the theory (T) of the second 
iteration (I2): 

# Design requirement from theory 
I2T1 Clearly structured instructions ready for the user 
I2T2 Create a clear responsibility for the learning material by assigning it to the creator 
I2T3 Ensuring the expertise of the originators 
I2T4 Provide regular feedback for the creation process 
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Table 10: Consolidated requirements from the theory (T) of the second iteration (I2). 
Source: Own table 

7.1.4.7 Second Iteration of the Teaching-Learning Platform with a Chatbot 
Based on the consolidated results of the first evaluation workshop as well as the 
additional requirements elicited from theory, the second iteration develops design 
principles (DP) to design a chatbot that guides learners through the creation process as 
well as enhancing the platform with a systematic submission process. To this end, I 
leverage the work of Chandra et al. (2015) to formulate the DP. I use the proposed 
action- and materiality-oriented DP, which describes how an artifact should be built 
and what actions the artifact should enable the user to perform (Chandra et al. 2015). 
Following their assumptions, I formulate our DP in the following way: 'This (what) 
should be done to ensure this goal (why) by providing this function (how)'. The design 
principles can be seen in Figure 33.  
 
In the creation process, the learners are strongly influenced by the teacher. Especially 
due to the lack of didactic training and the mostly strictly organized work process, the 
learners need a structured creation process. The creation process should guide the 
creator along a concrete sequence that enables the design of high-quality learning 
materials by a chatbot.  
 
DP1: Provide a clearly structured creation process so that the information collected 
can be easily attributed to a learning material. 
 
Especially since the creation and learning process can neither be clearly assigned to 
the employees nor to the work, the chatbot has to motivate the employees to create 
learning materials. In the case of the chatbot, this can be done, e.g., via a starting 
conversation: "Hello Felix! You haven't created any new material for a long time," or 
"Hello Felix! You haven't finished your last post yet." Other approaches use 
gamification elements such as avatars to engage users (Schöbel et al. 2019). 
 
DP2: Motivate users to begin the creation process by starting the conversation and 
using motivationally supporting design elements. 
 
Due to recent developments in artificial intelligence of chatbots that are able to 
facilitate more empathetic social conversations, additional rich conversations with 
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users are possible. These high-quality conversations can lead to an improvement in 
motivation and thus an increase in the quality of the learning material. At the same 
time, users should be aware of the responsibilities towards their created learning 
material (Wegener and Leimeister 2012b). 
 
DP3: Engage creators in empathetic, social conversation during the creation process 
so that creators are aware of the responsibility for their learning materials. 
 
Deep understanding of the work process is a necessary prerequisite for creating 
learning materials (Hall and Stegila 2003). This obvious fact is particularly important 
in the context of staff production of learning materials. A more targeted approach 
could be to query the level of competence after the creation process. Otherwise, the 
system provides further information about the use of the system and the creation of 
learning materials.  
 
DP4: After creating a learning material, ask questions about the creator's knowledge 
background to ensure that the creator is experienced in using the work process and, if 
not, qualify the creator.  
 
Within self-directed processes, feedback is one of the best ways to increase the quality 
of the process for users (Ngoon et al. 2018). Effective feedback is especially important 
in educational settings where novices are learning new skills and developing expertise 
(Ngoon et al. 2018).  
 
DP5: Provide more sophisticated feedback mechanisms to support creators during the 
creation process. 
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Figure 33:  Link between requirements form practice (P) and theory (T) to the design 

principles (DP) of the second iteration (I2). 
Source: Own figure 

To instantiate our preliminary design principles, I developed a chatbot prototype 
(Figure 34) based on an IBM Watson environment and a blog-based teaching–learning 
platform (Janson et al. 2017) with a systematic submission process that integrates the 
chatbot. The learning material created during these conversations is published on the 
teaching–learning platform. In the process, the chatbot takes on the role of facilitator 
and guides the employee through the process of creating the learning materials. In 
doing so, the chatbot can respond to the learner in more detail and adjust the creation 
process to the current circumstances, for example, by automatically pausing the 
creation process when important work processes need to be carried out and forcing it 
when the employees only need to monitor the process. In this way, the chatbot can be 
efficiently integrated into the work process. 

I2P1

I2P2

I2P3

I2P4

Requirements from the theory (T) of the second iteration (I2)

Resumption of an interrupted creation process

Unclear responsibilities regarding the information presented in the learning 
material.

Recognition of already created posts with similar content

Updating of the created learning material

Requirements from the practice (P) of the second iteration (I2)

I2T1

I2T2

I2T3

I2T4

Clearly structured instructions ready for the user

Create a clear responsibility for the learning material by assigning it to the 
creator

Ensure the expert knowledge of the creators

Provide regular feedback for the creation process

Design Principles (DP)

DP 1
Provide a clearly structured creation process so 

that the information collected can be easily 
mapped to a learning material. 

DP 2
Motivate users to begin the creation process by 

starting the conversation and using 
motivationally design elements.

DP 3

Engage creators in an empathetic social 
conversation during the creation process so that 

creators are aware of their responsibility for 
their learning materials.

Ask questions about the creator's knowledge 
background after creating a learning material to 

ensure the creator is experienced in using the work 
process and, if not, qualify the creator.

DP 4

Provide elaborate feedback mechanisms to 
support creators during the creation process.DP 5
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Figure 34:  Submission process of learning materials through the chatbot of the teaching-

learning platform. 
Source: Own figure 

7.1.5 Conclusion, Limitation and Future Research 
In this paper, I explore the design principles for chatbots that support the creation 
process of learning materials in vocational education. These design principles are 
intended to help both companies and VET service providers to develop their own 
chatbots to support employees in the creation process of learning materials. Based on 
the assumptions about co-creation of learning materials, I derived six requirements 
from theory and five requirements from practice as the basis for developing our design 
principles. Finally, I validated these design principles during the first expert workshop. 
Validating the functional prototype of the chatbot in the second iteration in the field 
experiment is part of our future research. Our results make several contributions. First, 
I contribute to the knowledge of smart personal assistants and in particular to the 
knowledge of chatbot design by extending the mechanisms for peer support of users in 
co-creation processes of learning materials. Second, I provide design principles for 
peer creation processes through chatbots as well as an expository instantiation as a 
budding design theory. Applying this approach will enable researchers and 
practitioners to extend mechanisms for collaborative learning material creation 
through peers and chatbots. Finally, our design principles provide practical guidance 
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for VET providers and businesses to develop learning platforms supported by a 
chatbot. Although our exploration of the iterative integration of insights from theory 
and practice from the focus group workshop in the problem domain of VET 
demonstrates both theoretical rigor and practical relevance, our study has several 
limitations. While I believe that the literature on co-creation processes by peers is the 
most appropriate approach for developing our design principles, consideration of other 
theoretical insights may lead to different design principles. Therefore, with further 
research and piloting in industrial manufacturing, I will use the design principles to 
complete the development. 

7.2 Designing a Co-Creation System for the Development of Work-
Process-Related Learning Material in Manufacturing 

7.2.1 Introduction 
Due to the general digitalization and automatization of the manufacturing industry, 
there has been an increase in the complexity of industrial manufacturing processes 
(Fuller et al. 2020). This increase has had a strong impact on the necessary skills and 
knowledge of employees who have to deal with changing work conditions every day 
(World Economic Forum 2018). Simultaneously, it is assumed that almost 60% of the 
work activities in the production sector are potentially automatable in the future, which 
solidifies the need for structured education and further training of blue-collar workers 
(Ellingrud et al. 2020). These training processes often draw from established 
instructional design models, like cognitive apprenticeship (Brown et al. 1989), or more 
contemporary approaches of social workplace learning (Erpenbeck et al. 2016), like 
collaborative virtual learning environments (Lu et al. 2018). The models are often 
termed “on-the-job training” and are used to deal with the decreasing half-life of skills 
acquired at the workplace (Senderek 2016). A thorough integration of learning in the 
work process can be indicated as a commonality of most of these concepts, which 
certainly contributes to their success (Dehnbostel 2008). Furthermore, manufacturing 
facilities as learning environments are associated with several challenges for 
employees, such as high noise levels and the constant monitoring of production 
processes, which complicates the establishment of action-oriented learning processes 
(Senderek 2016) and results in a cognitive overload during knowledge acquisition. In 
addition, commonly used learning material may not support the usage of such concepts 
and learning processes in manufacturing in a significant manner.  
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Further, learning material used for in-company training in the manufacturing industry 
rarely meets the requirements of the characteristics of the individual workplace. This is 
because learning materials are created by employees who are not directly familiar with 
everyday practical work processes. Consequently, the specifications of the work 
processes are not closely portrayed in the design of the learning material - for example, 
with process workarounds - and, thus, lack the didactical foundation to be used for 
learning in an effective manner (Dehnbostel 2008). In addition, the examination of 
existing documentation, through a previously conducted work-process analysis (Spöttl 
2007), revealed outdated descriptions of manufacturing processes and unstructured 
problem-solving documentation. If there are images in the documentation, the 
affiliation of the text to the action instruction is not immediately obvious to the 
employees. This analysis substantiated our impression of the inadequacy of these 
documents for in-company training in the manufacturing industry. Different 
knowledge and expertise approaches attempt to meet these challenges by creating 
means to document knowledge in the process of working (Carvalho et al. 2018). In this 
regard, typical approaches face the problem that the knowledge required for 
production is highly contextual and, therefore, cannot be readily manifested (Carvalho 
et al. 2018; Nakano et al. 2013). To overcome these challenges, co-creation concepts 
can be integrated to support the creation of work-process-related learning material 
(Senderek 2016). Furthermore, co-creation or peer creation concepts describe the 
development of learning material by employees, for employees (Auvinen 2009). There 
is a huge variation in the types of co-creation concepts applied worldwide that focus 
on different cases, actors, and targets (Bovill 2020) - for example, to provoke 
knowledge transfer in collaborative processes in organizations (Oeste-Reiss et al. 
2016; Bittner et al. 2021), to enhance the learning success of students in higher 
education (Wegener and Leimeister 2012a; Coetzee et al. 2015; Janson et al. 2016), or 
to involve students in teaching and designing academic development courses (Howson 
and Weller 2016). Simultaneously, the creation of content has positive effects on the 
diverse employees involved in the co-creation process - for example, increasing 
autonomy, self-regulation, and responsibility (Deeley and Bovill 2017); improving 
performance (Bovill 2014; Coetzee et al. 2015); or improving critical reflection and 
communication skills (Deeley 2014). Thus, co-creation enables the design of situated 
adapted learning material by employees, which, in turn, enables the adaptation of the 
learning material to the work process (Pletz et al. 2020). This situated and work-
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process-related learning material has decisive advantages over abstracted and 
generalized learning material, as it is easier for employees to understand and is just-in-
time available, thereby counteracting cognitive overload (Lave and Wenger 2011; 
Brown et al. 1989).  
 
However, co-creation processes in manufacturing pose specific challenges for 
employees, as, first, they do not have the didactic competence to create learning 
material (Oeste-Reiss et al. 2016); second, co-creation processes that take place in the 
work process create a rather hostile environment for learning (Erpenbeck et al. 2016; 
Hackman and Oldham 1975), thereby placing an additional CL on employees (Pletz et 
al. 2020). To meet these challenges, it is necessary to design the co-creation process in 
such a manner that employees are systematically guided and instructed through the 
creation to support them in taking into account at least rudimentary didactical aspects 
in a manner that enables the creation of high-quality work-process-related learning 
material (Weinert and Thiel de Gafenco 2020). This work-process-related learning 
material, which is developed through the co-creation process, is also termed “micro-
learnings” (Schmidt 2007). Attempts to address the outlined shortcomings may fail to 
consider the detrimental effects of the actual work environment in engaging with 
knowledge and co-creation systems (Choi et al. 2014). In particular, the effects on 
cognitive performance in the co-creation process are not yet sufficiently investigated 
(Caskurlu et al. 2020).  
 
For both practical and scientific research purposes, designing a co-creation system 
following recent insights from educational psychology in general and the cognitive 
load theory (Choi et al. 2014), situated learning theory (Lave and Wenger 2011), and 
instructional design (Janssen and Kirschner 2020) are promising for the purpose of 
overcoming these challenges, thereby enabling companies to exploit the benefits of the 
co-creation of learning material. Against this background, our work pursues the goal of 
developing a co-creation system that supports blue-collar workers in the development 
of work-process-related learning materials on the shop floor in manufacturing. Hence, 
the research aim is formulated in the following manner: 
 
RQ:  How should a co-creation system be designed that supports employees in the 
co-creation of work-process-related learning material under the consideration of 
cognitive load? 
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I will contribute to the Computer Supported Cooperative Work (CSCW) community 
by investigating how a co-creation system in manufacturing has to be designed to be 
advantageous concerning employee-driven knowledge development and 
documentation. Furthermore, I will show that the co-creation process has positive 
effects on the learning outcomes of employees in on-the-job training. In our results, I 
show validated design principles for the design of co-creation systems that support 
blue-collar workers in the development of work-process-related learning materials. 
Moreover, I show that by systematically considering the cognitive load, the effort 
required to develop the learning materials in the work process can be reduced, so that 
the development can be better integrated into the work process. 
 
To address the research aim, ensure the necessary practical background of the study, 
and to be able to systematically consider the requirements of the blue-collar workers, I 
follow an Action-Design Research (ADR) approach (Sein et al. 2011). For this 
purpose, I explain the problem and the research context in section one. Furthermore, I 
will explain in the theoretical background how a rigorous instructional design can 
support blue-collar workers in the co-creation process of learning material (section 
two). In section three, I explain the research method in more detail and the design 
process of the co-creation system. Following the approach of Sein et al. (2011), I will 
add a short discussion of the most important findings after each Building, Intervention, 
and Evaluation (BIE) cycle, which will lead to a general discussion in section four. In 
addition, I will outline the contribution of our work in this final section as well as its 
limitations. 

7.2.2 The Problem and the Research Context 

Following the approach of Sein et al. (2011), I present the underlying problem of the 
study from a practical perspective. In order to do this, I declare the problem from the 
viewpoint of our partner company and further show that the problem is not only an 
individual case but a deeper problem in the dissemination of knowledge in the 
manufacturing industry. The study at hand is further embedded in a larger, multi-year-
project (see Thiel de Gafenco et al. (2018) for further details concerning the project). 
Based on the most important theoretical concepts and related work from the 
perspective of the CSCW community, I relate the concepts to the identified problem. 
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7.2.2.1 Problem Description 

 
The idea of the project started with the operation managers of a manufacturing plant of 
an international health care company, who compared the documented process 
sequences with the real-work sequences of blue-collar workers in manufacturing 
during the process of revision of the material. They quickly realized that many actual 
work processes did not correspond to the documented work processes. Simultaneously, 
it became evident that the documentation of instructions for solving problem cases had 
been conducted adequately but in a manner that other employees could not handle. It is 
a widespread problem with which those responsible in the company have to struggle - 
knowledge is not prepared in a structured manner so that other people can benefit from 
it (Zhao et al. 2018; Sensuse et al. 2018). While the documentation process may be 
perceived as too complex and, therefore, terminated early, workshop employees 
develop, share, and use tacit knowledge in the performance of their daily tasks. 
However, the process of knowledge-sharing, particularly on the shop floor, still proves 
to be challenging for employees (Nakano et al. 2013) - for example, due to a lack of 
communication skills (Miyake and Nakano 2007). Moreover, it can be noted that 
articulating knowledge outside the immediate context of work is considered difficult 
for many individuals (He and Wei 2009; Carvalho et al. 2018).  
 
The managers of the manufacturing plant reacted to these complaints in a time-
honored manner: They marked the deviations and attempted to record the new work 
processes in the documentation or provided instructions to follow the recorded 
procedures. The operation managers did not investigate why the employees do not use 
the documentation in case they encounter a problem. However, employees are often 
trained on the job rather and do not use the documentation material. An employee, 
who is part of the vocational education and training (VET) expert team of the 
underlying research project of this article, was contacted by the managers; they were 
able to confirm that this is a general trend, particularly in manufacturing-related work 
environments. The existing documentation and learning material rarely met the 
requirements of the blue-collar workers, particularly regarding their usage as a 
memory aid in the work process as well as to meet their requirements for work-
process-related learning material.  
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To gain a deeper understanding of the problem, a project team was formed that 
comprised employees of the company, a participating vocational school, and 
researchers from a local university. The project team studied the existing literature on 
VET practices in manufacturing to verify the problem and found that these knowledge 
transfer problems were rather common. Amongst several reasons, those indicated were 
errors in the design of the learning material as well as regarding their applicability to 
real-life situations (Senderek 2016). Our findings appeared to support our assumption 
that the main reason for the poor quality of the learning material was related to the lack 
of support and experience of the employees in the creation process of these materials 
as well as the lack of involvement of the blue-collar employees from the actual work 
processes and less to the ability of the employees. Thus, approaches are required to 
overcome the described deficiencies but also leverage the potential of blue-collar 
employees for obtaining better learning materials. 
 

7.2.2.2 Co-Creation of Learning Material for Knowledge Sharing in 
Manufacturing 

In different contexts, there is an increasing interest in research and practice regarding 
co-created learning and teaching - for example, in higher education (Bovill 2020) or 
VET (Weinert and Thiel de Gafenco 2020). The terms peer creation, students as 
partners, partnership, and co-creation are often used interchangeably (Bovill 2020; 
Wegener and Leimeister 2012a). I refer to the term “co-creation” because the term 
“partners” often implies a level of equality among actors in the co-creation process 
(Cook-Sather 2018). Generally, the concept of co-creation is based on theories of 
social constructivism and refers to learning with and from colleagues (Wegener and 
Leimeister 2012a). The development of learning material that is created by and for 
learners is a prominent approach to helping people in their learning process (Auvinen 
2009). Hence, co-creation concepts comprise mechanisms with insights into how 
people can develop artifacts, like learning material, in the learning process. The peers 
add value to the material by making their knowledge available in the form of learning 
material (Oeste-Reiss et al. 2016). This material contains three defining aspects: (1) It 
is published in some way on a platform, (2) the creation of the material demands a 
certain amount of creative effort and (3) the material is created outside normal routines 
(OECD 2007). Therefore, the creation process is often not commercially controlled but 
is triggered intrinsically. Furthermore, the developed learning material is mostly 
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situational, consisting of short individual contributions, discussions, or comments 
(Wegener and Leimeister 2012b). However, Bovill et al. (2016) indicate that a 
concrete co-creation process must be adapted to the user's context in order for it to be 
successful. In particular, in the manufacturing industry, where numerous work 
processes have to be documented, it is possible that at least a few aspects of the co-
creation process can be controlled extrinsically (e.g., through money) rather than 
intrinsically (e.g., by self-motivation). Although research has empirically demonstrated 
successful participant inclusion and the resulting positive effects in a variety of 
different scenarios (Deeley 2014; Wegener and Leimeister 2012b; Martin and Bolliger 
2018), the inclusion of participants in the creation process remains a central challenge 
in the co-creation process (Bovill et al. 2016). Against the background of the different 
occupational fields and levels of competence of employees in the manufacturing 
industry, it is necessary to investigate how co-creation processes that take into account 
the special characteristics of manufacturing can be designed. 

7.2.2.3 Situated Work-Process-Related Learning Material 

The situational character of the created learning material in the co-creation process is 
highlighted by a few authors as problematic (Emerson and Berge 2018; Wegener and 
Leimeister 2012b) because although co-creation processes have several positive 
effects on involved learners (i.e., Bovill 2020), developed learning materials often 
cannot be used as modular and independent learning units. However, the situational 
character of the learning material can also have positive effects on learning (Lave and 
Wenger 2011). Against this background, the theory of situational learning assumes 
that the acquisition of knowledge is always related to the situation that is part of an 
activity, context, and culture in which the knowledge is developed and used (Brown et 
al. 1989). In terms of the co-creation process itself, this implies that the learning 
material must be developed in the context in which it must be used subsequently (Pletz 
et al. 2020). Therefore, learning (used) is effective when a situational connection to the 
professional and working world is established (Lave and Wenger 2011; Pletz et al. 
2020; Young 1993). By referring to actual situations in the learning material, it is 
easier for learners to understand the background and this reduces the CL that occurs 
when acquiring new knowledge (Ayres 2020). By referring to a real, known context in 
the learning material, split-attention effects can be avoided, as learners would 
otherwise have to bring together information from two different contexts (Tabbers 
2002). Based on these ideas, several concepts were developed, which are collectively 
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known under the term “Communities of Practice” (Su et al. 2012). First discussed by 
Lave and Wenger (1991), the term underwent several transformations. Now 
encompassing their function as a conceptual lens of situated social construction of 
meaning, concrete communities focused on knowledge-sharing within an organization 
(Cox 2005). It may be necessary that practitioners of CSCW be aware of these 
ambiguities and embrace its diversity (Su et al. 2012). 
  
Apart from the positive influence on the subsequent user of the situational learning 
material, the co-creation process within the working process may also have positive 
effects on the performance of the learners as creators themselves (Korthagen 2010). 
The understanding of learning as a situated experience - that is, an experience resulting 
from involvement and co-participation in a particular context as well as with other 
colleagues who generate and use that learning, underpins the socio-constructivist 
approach to VET advocated by certain scholars (La Cámara de Fuente and Comas-
Quinn 2016; Lave and Wenger 2011). From the constructivist approach, learners 
generate knowledge by working with real-world problems (Gupta and Bostrom 2009). 
Related to this, the co-creation of work-process-related learning material can support 
the learning process by integrating the creation process into the real-work situation of 
the individual learners to create the necessary situational reference for the learning 
material. 
 
Against this background, I assume that the situated co-creation of work-process-
related learning material has a positive influence on the learning performance of the 
actors - that is, the learners involved. 

7.2.2.4 The Nature of Cognitive Load and Instructional Design in Collaborative 
Work 

Even though the situational property of learning material has a positive influence on 
the learners involved in the creation, knowledge-sharing has always been a major 
challenge for employees in manufacturing (Ackerman et al. 2013; Lewkowicz and 
Liron 2019). While technologies can help employees to create knowledge in a 
structured manner in the co-creation process (Hoffmann et al. 2019), the cognitive 
capacities of people often limit their ability to share knowledge in practice. 
Furthermore, it can be stated that this limitation of cognitive abilities has not been 
sufficiently taken into account in these practice-oriented works (Hoffmann et al. 
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2019). Furthermore, the cognitive load theory (CLT) - as a part of instructional design 
models - considers “working memory constraints as determinants of instructional 
design effectiveness” (Sweller et al. 1998, p. 251). The working memory, also called 
short-term memory, is responsible for organizing and manipulating information into 
new or existing schemas and encoding them to store in long-term memory (Caskurlu et 
al. 2020; Paas et al. 2003). In contrast to long-term memory, short-term memory has a 
limited capacity and it can only hold and process a limited amount of information 
simultaneously (Paas et al. 2003). During the learning process, the long-term memory 
stores information from the working memory in the form of schemas, which link 
together various pieces of related information into one single unit (Caskurlu et al. 
2020). When these schemas are recalled into the working memory - for example, when 
a certain action is performed, the information is processed as a single unit (Clarke et 
al. 2005) and enables the learner to process the action as well as additional 
information. Moreover, schemas enable the automation of the action as a result of a 
large practice, which allows free memory capacity for other activities because the 
schema acts as a control element that directly steers the behavior of the person without 
the necessity of processing it in the working memory (Caskurlu et al. 2020; van 
Merriënboer and Sweller 2005). The unavailability of such schemas substantiates the 
reliance on existing strategies to process information, thereby leading to cognitive 
overload in the individual involved in the co-creational activity.  
 
The CLT provides a framework for investigations into cognitive processes and 
instructional design (Paas et al. 2003). Therefore, the CLT aims to avoid cognitive 
overload in an individual by avoiding unnecessary complexity in assimilating 
information in the process of acquiring new knowledge (van Merriënboer and Sweller 
2005). This cognitive overload may occur more rapidly during the work process on the 
shop floor, particularly when knowledge generation and documentation take place in 
the middle of an ongoing working process. Against this background, Paas and van 
Merriënboer (1994) explain the resulting CL not only in terms of the task (here, the 
production of learning material in the co-creation process) but also in terms of the 
physical environment in which the task must be performed as well as the inherent 
cognitive capacities of the employee itself. Task describes the effects on the CL that 
arise from the co-creation process of learning material and those that are related to the 
characteristics of the task. A few examples of task factors are visual or auditory 
overloading caused by the provision of too much information in the task (Mayer and 
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Moreno 2003). The physical environment represents a wide range of physical 
characteristics in which the task and the learning takes place. For example, this 
includes characteristics such as noise pollution, color, or size of the environment 
(Vredeveldt et al. 2011). Furthermore, environmental factors describe factors around 
CL that occur when interacting with this environment. The employee describes factors 
related to the person itself that leads to an increased CL in the interaction with the 
physical environment and the task. An example of such factors is the IT acceptance of 
the person (Davis 1989). To ensure that the co-creation process is not perceived as a 
burdensome additional task and to ensure the acceptance of the system, employees 
must be made aware of the added value of using it for their daily work. These effects 
must be taken into account when designing the co-creation process and learning 
environments in general.  
 
The CLT aims to guide instructional designers to (1) consider differences and 
cognitive abilities of employees to prevent cognitive overload (Caskurlu et al. 2020), 
(2) deal with complex tasks (Huh et al. 2019; Janson et al. 2020), and (3) help 
employees to develop knowledge and skills (Leppink et al. 2013). To achieve these 
goals, CLT provides instructional design strategies, which are empirically validated, to 
prevent increased CL in the learning outcomes in different settings, including learning 
settings (Deng et al. 2020). Various studies provide guidelines to design learning 
environments to prevent CL. For example, Mayer and Moreno (2003) introduce nine 
strategies to prevent cognitive load in multimedia learning in general, and Caskurlu et 
al. (2020) provide guidance for higher education contexts. To date, various studies 
have shown the effectiveness of such CLT strategies in terms of the learning process 
and outcomes (Hoffmann et al. 2019; Ayres 2020). Moreover, researchers have also 
addressed the need for collaboration between practitioners and instructional designers 
in the design process to manage CL and improve the quality of the co-creation process 
(Brigance 2011). Therefore, I assume that CL has a negative influence on the ability of 
employees to co-create learning material, and instructional design strategies can help 
to prevent cognitive overload in the process. Consequently, I aim to integrate these 
theoretical aspects into a co-creation system in the domain of the manufacturing 
industry. 
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7.2.3 The Co-Creation System Project 

In this section, I describe the development process of the design of the co-creation 
system that supports the cooperation of blue-collar workers on the shop floor. The 
environment is embedded in a larger ADR project which aims to design a holistic co-
creation system with different modules in order to support learning processes in 
manufacturing in a sustainable way (Weinert and Thiel de Gafenco 2020). An 
overview of the project is presented in Figure 35 and Table 11.  

7.2.3.1 Methodological Research Approach 

The considerations above lead to the need for a holistic approach to the design of the 
co-creation system that can facilitate the employees in the co-creation process of work-
process-related learning material. To achieve the research goal and to structure our 
work, I use the ADR method given by Sein et al. (2011). ADR is a research method 
that draws on action research and is used to create IT artifacts to solve organizational 
problems. Action research pursues a practical approach in which hypotheses and their 
implications lead to a change in the sense of a problem solution (Avison et al. 1999). I 
follow this approach because I want to a) solve a specific set of practical problems that 
practitioners and researchers experience in their work and b) to contribute to the body 
of knowledge by designing and evaluating a new artifact (Gregor et al. 2020a). In the 
first stage of the ADR method given by Sein et al. (2011), the emphasis is on problem 
formulation, whether it is theory-integrated research or a practice-inspired approach. 
After the formulation of the problem, the BIE cycles are described. Each cycle is 
followed by a reflection and learning for the redesign of the following cycle. In the 
following section, I go into more detail regarding the background and the course of our 
ADR project. 

7.2.3.2 Stage 1: Problem Formulation 

Over the last years, I have observed a tremendous increase in the number of 
participants in in-company training in the manufacturing industry and a decrease in the 
quality of work-process-related learning material (Filipenko et al. 2019; Meinhard and 
Flake 2018). As already mentioned, this often affects the quality of new employees’ 
training in problem-solving processes. Since existing material was developed by 
employees who are not involved in manufacturing and who have no prior didactical 
knowledge, it is often not suitable as training material. To further validate our 
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experiences, I conducted a work-process analysis (Spöttl 2007) to capture the current 
work and learning situation of employees in different companies. This input from 
practitioners and blue-collar workers led to practice-inspired research for developing 
the co-creation system. In summary, two specific problems were identified. First, 
existing learning material rarely meets the necessary quality for use in process-
integrated learning; second, the creators of learning materials in manufacturing often 
do not have the necessary prior didactic knowledge to develop work-process-related 
learning materials. 
 

 
Figure 35:  Organization-Dominant BIE of the Development of the Co-Creation System. 

Source: Own figure adapted from Sein et al.(2011) 

 

BIE Part Input(s) Method(s) used Output(s) 
1 Two main problems from 

the problem formulation 
stage: 
• Existing learning 

material is difficult to 
use in process-
integrated learning. 

• Lack of didactic 
knowledge for the 
development of learning 
materials.  

Work process analysis and 
observational interviews within two 
manufacturing companies for two 
days. Narrative literature review.  

Initial set of design 
features for rapid 
prototyping approach, 
practical and theoretical 
requirements. 

2 Initial set of design features Focus group workshop in 
manufacturing in a health care 

Initial set of four design 

Researchers

VET Experts

Blue-Collar 
Workers

ADR
Team

End-
Users

Contributions

Artifacts

Set of four design 
principles for co-creation 
systems in manufacturing 
under the consideration of 
CL

Our partners started 
projects to implement our 
co-creation system in 
their learning 
management system

The participants of the co-
creation process were 
able to significantly 
expand their professional 
knowledge during the 
creation of learning 
material. 

1 3

BIE Cycle 1:
Problem identification 

and verification,
development of the co-

creation process

BIE Cycle 2:
Development of an alpha 

version of the co-
creation system

BIE Cycle 3:
Development of the final 

version of the co-
creation system and the 
work-process integration

42

5
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for the co-creation system. company in china with four 
employees for two days.   

principles. 

3 Feedback especially 
focusing on the scope, 
completeness, and 
understandability of the 
alpha version of the co-
creation system. 

Iterative refinement of the design 
principles and elements within the 
ADR team using workshop settings. 
Discussions between developers 
and the VET experts to sharpen the 
design elements.  

Beta version of the co-
creation system based on 
the design principles. 

4 Beta version of the co-
creation system based on the 
four design principles. 

Focus group workshop with 12 
workers and 2 trainers in VET 
training center in Germany for three 
days: 
• Concept map Intervention to 

measure the learning outcomes 
of the users in the co-creation 
process.  

• Usability testing of the system. 
• Structured video analysis to 

evaluate problems in the co-
creation process 

Feedback especially 
focusing on usability, 
helpfulness, and 
acceptance. 
Evidence of improved 
learning outcomes 
through co-creation 
intervention.  

5 Feedback especially 
focusing on usability, 
helpfulness, and acceptance. 

Iterative refinement of the design 
principles and elements within the 
ADR team using workshop settings. 
Focus group workshop with 18 
workers in manufacturing of the 
health care company within two 
days: 
• Concept maps to measure the 

learning outcomes of the 
workers. 

• Questionnaires to measure the 
cognitive load during the co-
creation of learning material. 

Final set of design 
principles.  
Evidence of low 
cognitive load of the 
participants within the 
co-creation process as 
well as a demonstration 
of improvement in 
employee learning 
performance. 
 
Expansion of the 
professional knowledge 
of the employees through 
the co-creation process. 

Table 11: BIE process including inputs, used methods and outputs. 
Source: Own table 

7.2.3.3 Stage 2: Organization-Dominant Building, Intervention and Evaluation 
(BIE) – Cycle 1 

The second stage of ADR uses the problem formulation of stage one as a platform for 
generating the initial design of the co-creation system. This development process is 
sharpened by subsequent design cycles. Figure 35 shows the adapted version of the 
organization-dominant BIE given by Sein et al. (2011). Our ADR team consists of 
research professionals and VET experts from an inter-company vocational training 
center that represents the practitioners in this project. In addition, intensive contact and 
exchange with the company described in section 7.2.2.1 was maintained during the 
development process of the system. The end users are blue-collar workers in the 
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manufacturing industry - that is, the learners in the learning environment. Three cycles 
are used for the design of the system. The first BIE cycle consists of the initial 
requirement development phase, the first alpha version testing of the co-creation 
system with the practitioners, and the first testing phase with learners in a 
manufacturing plant of the health care supplier.  

Development of Design Elements of the Co-creation System for Cycle 1 

Addressing the building phase of the first BIE, the following section is to describe the 
design elements, it is based on the identified requirements from the practitioners, end-
users, and scientific literature (Appendix B.1). Furthermore, I developed a first version 
of the instructional design model for the co-creation process based on two work 
process analyses. Work process analyses are used to analyze existing work processes 
using structured observations and interviews with employees, as well as reviewing 
existing learning and work tasks to develop work process-oriented learning systems 
(Spöttl 2007) (Appendix B.1). A first insight into the identified deficiencies in the used 
learning materials, as well as some corresponding quotes from employees, is shown in 
Figure 36. 

 

Figure 36:  Insights from the interviews and work process analysis from 1) a heating 
equipment production facility and 2) a cardiac catheter production facility. 
Source: Own figure  

The co-creation concept consists of four building blocks: (1) Providing structure in the 
creation process, (2) implement motivational elements, (3) creating emotional 
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proximity to the learning material, thus fostering responsibility and ownership, and (4) 
offer feedback on learning material for quality assurance. The learning material was 
created using a systematic process and posted on a learning management platform. In 
doing so, the fast and early development of a prototype for testing and readjusting the 
core functions and elements of the co-creation platform is an important goal within the 
first development cycle. Prototypes are useful to determine and sharpen requirements, 
receive user feedback, and identify the risks in a project (Davadiga 2017; Urquijo et al. 
1993). The implemented core functions and design elements with the corresponding 
requirements regarding the CL factors are presented in Table 12. I assign the 
requirements to the respective design element according to their practical (P) and 
theoretical (T) background. The complete derivation of the requirements can be found 
in Appendix B.1. 
 
Environment: Many approaches try to connect the digital world with the real world 
(Baik 2012). The integration of multimedia content appears to be trivial here – but in 
practice, it has been shown that the existing learning and documentation material used 
in the work process is often offered as pure text blocks or images of bad quality (see 
Figure 36).  
 
Although images and videos are becoming increasingly common, they are not kept up 
to date and are disproportionate to the actual work process, which greatly limits their 
usefulness for employees. Simultaneously, the use of images to explain texts leads to a 
reduced CL, with simultaneous improvement in the active processing of information 
during the subsequent learning process when using the learning material (Schwamborn 
et al. 2011). With this in mind, I have integrated the possibility of adding multimedia 
content, such as images and videos, to provide employees with a visual representation 
of the work process, while bearing in mind the same time requirements from CLT (P1, 
P2, T3).   
 
Task: To avoid the cognitive overload of learners, it is important to reduce 
unnecessary distractions in the creation process. Therefore, it is important to design the 
user interface as clearly as possible and in a structured manner, particularly in 
production, where there is a high potential for distraction from external factors. 
Vredeveldt et al. (2011) investigated the effects of visual distractions on the CL. 
Furthermore, in the interviews, the workers mentioned that they often have limited 
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time to document their knowledge (see Figure 36). They concluded that irrelevant 
information should be removed to avoid CL in the learning process. I have reduced the 
complexity of the creation process by specifically asking structured guiding questions 
and giving instructions to the employee (Castro-Alonso and Koning 2020) to avoid 
possible distractions in the knowledge-generation process (P1, P2, T1). The UI is 
restructured to focus the attention of the user on the co-creation process (P2, T2). 
 
Learner: To achieve high-quality learning material, the employees must become aware 
of their responsibility towards the creation of learning material (Hall and Stegila 
2003). This sense of responsibility can be improved through the interaction with other 
employees on the learning platform (Pipek et al. 2008). Furthermore, these interactions 
can be a great source of creativity, which may enhance the quality of co-created 
learning material (Kohler et al. 2011). The active use of comments or even the mere 
display of comments can contribute to the improvement of social presence on online 
platforms and, thus, also to an improved sense of responsibility of the creators (Andel 
et al. 2020). Therefore, I have implemented a comment and evaluation function in the 
co-creation system to enable a discussion regarding the material as well as for 
feedback for the learner (P1, T4, T5). van Gerven et al. (2002) and Kalyuga et al. 
(2012) have discovered that current knowledge has a major influence on CL. This 
estimation was confirmed during the focus group workshop, as more experienced 
employees were able to handle the prototype much more easily and effectively than 
employees who do not have a similar experience (for further information, please see 
Appendix B.1). Furthermore, the integration of a user profile in which the experience 
of the users can be updated is considered an important addition to the co-creation 
system. Based on this information, the system can adapt the creation process by giving 
more or less assistance and link the creation of content to a certain experience level of 
the employees (P4, T4). 

Cognitive Load Factors Design 
Element 

Description Addressed 
Req. 

Environment Integration of 
multimedia 
content 

Multimedia formats such as images and videos 
enable a visual representation of the real environment 
and thus a direct situational reference of the learning 
content in the working context.  

P1, P2, T3 

Task Structured 
guiding 
questions 

Structured questions and work instructions support 
the employees in the creation of learning content, 
which guides the employee step by step through the 
creation process. 

P1, P2, T1 

Structured UI The interface for entering new knowledge elements is P2, T2 
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reduced to the essential input elements.  
Learner Integration of 

evaluation and 
comment 
functions 

Integration of evaluation and commenting functions 
for the created learning content to develop a sense of 
responsibility and for discussion and feedback for the 
creator.  

P1, T4, T5 

User profile Integration of a user profile for employees P4, T4 

Table 12: Developed Core Design Features for the Co-creation System (P: Practical 
Requirements, T: Theoretical Requirements).  
Source: Own table 

In the next step, I developed a first prototype based on the requirements and design 
features to enable a continuous evaluation, as suggested by the ADR method. The 
prototype was developed based on the existing content management system (CMS) 
WordPress using plugins like Bodypress9 for organizing the memberships within the 
CMS and adding a front-end login interface as well as Frontier Post10 for adding a 
post-revision function for the front-end. These plugins were further developed by 
using PHP and Javascript. The web-based input of the text and multimedia elements 
was developed using fabricJS11. Furthermore, to test the user’s input, it is merged 
using the TinyMCE editor12. For presenting the structure creation process, I used 
HTML and CSS.13. To implement the outlined requirements from above, I have 
developed a first draft of the structured guidelines and UI for the creation of the 
learning materials (see middle column, Figure 37). By asking clear questions and 
avoiding unnecessary functions, attention must be focused on the co-creation process. 
Moreover, I integrated multimedia features to develop images and videos to further 
supplement the learning material (take a look at the left column, Figure 37). To 
promote the exchange between the supervisor and employees, a review of the learning 
content takes place after the learning material has been submitted. Simultaneously, 
colleagues can give hints for the improvement of the material through a comment 
function (right column, Figure 37). As a part of this stage, I evaluate the co-creation 
concept with the learners in their working process in a workshop. 

 

 
9 https://de.wordpress.org/plugins/buddypress/ 
10 https://de.wordpress.org/plugins/frontier-post/ 
11 http://fabricjs.com/ 
12 https://www.tiny.cloud/ 
13 The source code will be made available via GitHub after acceptance. 
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Figure 37:  Overview of the Evaluation Workshop (Weinert and Thiel de Gafenco 2020). 
Source: Own figure  

The learning material is published on the co-creation system in the form of a 
contribution. In the creation process, the learners were required to give a meaningful 
title, formulate a suitable learning goal for the contribution, indicate the associated 
work process, and specify the subjectively perceived difficulty (easy, medium, 
difficult) of executing the documented work process for the created content. 
Furthermore, the system enables the possibility to add text and multimedia content 
(images and videos) to the material. 

Workshop Procedure and Participants 
 
Three blue-collar workers employed in the plant of the same health care supplier used 
a prototype in their working process to create work-process-related learning material. 
The three employees are primarily employed in an automated manufacturing line for 
the production of catheters. The workers were given the task of developing as many 
different learning contents as possible within two days. This period was selected 
because employees could not create learning material during full working hours but 
only after problem or maintenance work when they only had to observe the running 
process. At the beginning of the workshop, the employees received a short 
introduction to the co-creation platform in advance. Furthermore, I used an example to 
show participants how the process of creating learning materials works. In addition, 
the participants were given the task of documenting their work processes using a tablet 
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and the co-creation system. In the beginning, the participants recorded rather simple 
work steps (e.g., refilling storage containers). In the end, they documented increasingly 
difficult work steps (e.g., when a machine error made further production impossible). 
During these two days, the developed learning materials were continuously reviewed 
by the supervisor at the end of the day and then approved or sent back to the 
employees for revision. Most of the time, the employees performed these revisions 
when the machine did not indicate any errors and the employees only had to monitor 
them. During the creation of the learning material, as well as during the revision of the 
learning material, I observed the participants in order to identify possible weaknesses 
in the creation process. At the end of each day, an interview was conducted with the 
staff to ascertain what problems were encountered in the use of the platform and the 
development of the learning materials. 
 
Method 
 
To gain further requirements as well as to validate the already collected and 
implemented ones, I conducted a focus group workshop directly in the work process 
(Onwuegbuzie et al. 2009). I used observation methods and action-oriented interviews 
to evaluate our first prototype. With the help of observation methods, the behavior and 
interaction of the employees during the creation of the learning content can be 
examined more closely (Becker 2008b). At the same time, observation interviews - as 
a special subtype of observation procedures - offer the possibility to deal more 
intensively with special work processes (Becker 2008b). During the observation 
interviews, work processes are observed in a structured way, and based on this, 
interviews were conducted with the workers in relation to their work activities. These 
kinds of interviews are often used in work psychology and aim to record the 
psychological regulation requirements of the work activity that workers engage in 
(Becker 2008b). At the same time, the interviews were intended to identify the 
potential for improvement and feedback from the learners about the usefulness and 
usability of the co-creation system. Furthermore, in order to be able to evaluate the 
quality of the created learning material, the VET experts from the ADR team reviewed 
the comprehensibility and completeness of the material at the end of the workshops. 
The interviews and the results of the observation were then evaluated using qualitative 
content analysis (Mayring 2014a) and are presented in following section.  
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Reflection and Learning from BIE Cycle 1 

Based on the results, I was able to derive five recommendations for the further 
development of our co-creation system. The recommendations and their explanation 
can be found below. Furthermore, I then developed design principles for the co-
creation system. These principles will support us in the further development of the 
platform and will be reviewed at the end of the cycle. 

Useful design features and recommendations by the learners 

1. Video functions were often used, but in almost all cases the videos lacked an 
explanation of the individual work steps. 

2. Integrate a drawing environment to highlight certain areas in the photos. 

3. Do not present learning objectives to employees. Most work processes are too 
complex and multilayered, so the employees cannot formulate a learning goal 
level or a concrete learning objective. 

4. Integrate a possibility to choose between a standard and a problem-solving 
process to define the type of working process. 

5. Self-assessment of the difficulty is not considered promising, since experienced 
colleagues consider work steps to be too easy even if they are highly complex. 

 
During the first pilot, I found that many employees used the video function (1). When 
questioned about this, they told us that occasionally it would be easier to simply make 
a short video than a picture or text. However, it was found that the independent 
creation of a short video for the employees was associated with certain difficulties.  
 
“I was afraid of making mistakes and then having to shoot everything again.” (Worker 
A) 
 
Especially for activities that could not be carried out alone, another colleague always 
had to be consulted for the video creation. In many cases, this was not possible, which 
reduced the quality of the resulting learning material. Furthermore, I observed that in 
cases of creating learning videos, almost no further explanation in the form of text or 
pictures was provided. This reduced the comprehensibility of the content. 
Simultaneously, the sound recordings were usually very poor due to the noise level 
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during production, which made the explanations partially incomprehensible. The 
background noise of the work environment brought additional disturbance to the 
learners. Similar problems have also been documented in the literature (Vredeveldt et 
al. 2011); thus, I decided to disable the video function and focus on the photo function. 
In addition, in our case, I found that employees had an easier time creating photos than 
they did developing videos. This contributed to lowering the inhibition barrier for the 
development of learning material. 
 
The second recommendation was requested by many workers who took pictures of 
their work. “Would it be possible that I could also emphasize something in the 
picture?” (Worker B). Against this background, the next version of the co-creation 
system may offer the possibility to highlight certain areas on the images in the form of 
circles or arrows (2). This feature also reduced the cognitive burden on later learners, 
simultaneously improved reflection with the created learning material (Koć-Januchta 
et al. 2020), and also provided a structured guideline for the learners. 
  
During creation, employees must formulate a learning goal for the created learning 
content. However, I identified that the employees found it very difficult to formulate a 
concrete learning goal. The reasons for this can be complex: it may be a consequence 
of a lack of didactic knowledge or insufficient instruction received beforehand. At the 
same time, however, these difficulties could also be the result of the type of generated 
micro-learnings. Against this background, the request for learning objectives will be 
removed (3) in the next version of the co-creation system; instead, the possibility of 
specifying a standard and a problem case will be offered (4). During the self-
assessment of the difficulty of the learning material, I could not detect any problems 
and the participants in the workshop did not note any problems either. However, when 
I checked the created learning material, I found that the subjectively perceived 
difficulty was strongly dependent on the previous knowledge of the individual who 
created them. This fact is not surprising in retrospect, since other authors have 
confirmed this connection in several contexts (Hwang and Chang 2011). Against this 
background, I exclude this function in the second development cycle (5).  
 
Design Principles 
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Based on these findings, I continue our research by identifying design principles (DPs) 
for the co-creation system. In the first step, I identify previous design knowledge from 
the literature (i.e., Morana et al. (2019)), which helps us to specify our design 
requirements (see Appendix B.1). Second, I use the work conducted by Gregor et al. 
(2020a) to formulate the DPs. For this, I use the components of the design principle 
schema. An overview of the DPs can be seen in Figure 38. 
 

 

Figure 38:  Final Design Requirements and Principles for the Co-creation System in 
Manufacturing. 
Source: Own figure  

The employees are not pedagogical experts. They have no experience in designing 
learning material and do not know which aspects are important for subsequent 
understanding. Thus, the system can support employees by providing a clear structure 
of how the learning material must be produced. This was also reflected in the 
statements of the employees, who showed great uncertainty in the development of the 
learning materials. Clear questions and work instructions can stimulate the cognitive 
processes of an employee and make them reflect on their actions (Oeste-Reiss et al. 
2016). This has positive effects for the learner - for example, increasing expertise 
(Damon 1984). Therefore, the co-creation system must provide a structured creation 

P1

P2

P3

P4

Theoretical Requirements

The platform should provide an opportunity for 
interaction with the real world.

The platform should assist the employee within the 
creation process. 

The platform should enrich and visualize the content.

The platform should take the employee's experience 
into account.

Practical Requirements

T1

T2

T3

T4

The platform should take the real-world workflow 
into account. 

The platform should correspond to the cultural and 
company-specific design preferences of the 

employees and the company.

The platform should provide guidance for the learner 
to structure the procedure for storing knowledge.

The platform should take the expertise of the 
employee into account.

Design Principles

DP 1

To increase the quality of learning material, an 
instructional designer should provide clearly 

structured questions in the creation process in order to 
avoid frustrating the learner as well as to improve 

their involvement in the process. 

DP 2
To increase the quality of the learning material, an 
instructional designer should avoid unnecessary 
elements or interactions in order to draw users' 

attention to the creation process.

DP 3

To increase the quality of the learning material, an 
instructional designer should enable the insertion of 
interactive multimedia content in order to enrich the 
visual experience of users and allow them to interact 

with the real world.

To increase the quality of the learning material, an 
instructional designer should offer the possibility of 

evaluation and commentary functions in order to gain 
feedback about the created learning content.

DP 4

T5 The platform should positively influence the 
employee's motivation.
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process to support learners during the process. Hence, I make the following 
suggestion: 
 

DP1: To increase the quality of learning material, an instructional designer should 
provide clearly structured questions in the creation process in order to avoid 
frustrating the learner as well as to improve their involvement in the process.  

 
The creation process of learning material takes place directly within the work process. 
In this background, employees are concentrating on their work and are confronted with 
a variety of different influencing factors that can disrupt creative development. 
Therefore, unnecessary distractions must be avoided in the creation process in order 
not to unnecessarily burden the employee’s cognitive capacities (Caskurlu et al. 2020). 
Hence, I make the following suggestion: 

 

DP2: To increase the quality of the learning material, an instructional designer should 
avoid unnecessary elements or interactions in order to draw learners' attention to the 
creation process. 

 

Reflecting on the created learning material in the workshop for cycle 1, the simple 
insertion of images and text is not considered sufficient to achieve the necessary 
reflection of the learning material and simultaneously indicate important aspects in the 
media material. Therefore, I propose to offer interaction possibilities with which the 
learner can directly refer to certain content and areas within the pictures. Hence, I 
make the following suggestion:  

 

DP3: To increase the quality of the learning material, an instructional designer should 
enable the insertion of interactive multimedia content in order to enrich the visual 
experience of learners and allow them to interact with the real world. 

 

A deep understanding of the work process is a necessary precondition for the creation 
of learning material (Hall and Stegila 2003). This relatively obvious fact is particularly 
important in the context of the creation of learning material by employees. Different 
levels of competencies lead to a different understanding of the work process. An 
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employee who can execute a work task but does not know the background of their 
work finds it more difficult to develop learning material (Hall and Stegila 2003). 
Simultaneously, it does not appear to make sense to restrict employees in the creation 
process of learning material based on their previous knowledge, as this may lead to a 
loss of motivation and, thus, frustration among employees. Therefore, feedback can 
help to increase the quality of learning material (Ngoon et al. 2018). The feedback can 
be provided by elaborated elements, which enable exchange among the different 
employees that are part of the co-creation system. Through this exchange with other 
employees, the learner can improve their skills in creating learning material (Armisen 
et al. 2016). Hence, I make the following suggestion:  

 

DP4: To increase the quality of the learning material, an instructional designer should 
offer the possibility of evaluation and commentary functions in order to gain feedback 
about the created learning content. 

7.2.3.4 Problem (Re)definition 

The unanticipated results of the first BIE cycle have prompted us to examine more 
closely a few of the implemented design elements. In particular, the results pertaining 
to the application of different multimedia contents have caused surprise in our team 
and also do not appear to have been sufficiently considered in the literature. This 
appears unusual to me, as many employees considered a video function to be a useful 
addition during the requirements development. Unfortunately, I do not have enough 
data at this point to be able to make a definitive assessment. However, I suspect that 
the blue-collar workers underestimated the effort required to develop learning videos 
in the working process. 
 
After several discussions within the ADR team as well as with managers and 
responsible persons in the company, I realized that for the mentioned use case – the 
use of the co-creation system within a partially automated manufacturing process – the 
use of videos was not promising. The post-processing of the videos is very costly for 
the people involved (compared to the exchange of texts and images) and, the ambient 
noise in the production environment greatly limits the possibilities of sound 
recordings. In addition, the use of video recordings appears to demotivate the 
employees to also textually capture their actions. However, these text-based 
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documentations are very important for the company, as they serve as a basis for 
optimizing process flows. In addition, it became apparent in our case that the degrees 
of freedom taken in the co-creation process (video or photo function, formulation of 
learning objectives, independent combination of multimedia content with text blocks) 
overwhelmed the employees rather than supporting their creativity and independence. 
This is also reflected in the statements of the employees, who expressed concerns 
about the shooting of the videos and did not know exactly what criteria must be used 
to develop a good learning video (take a look at section Reflection and Learning from 
BIE Cycle 1). At the same time, the functions of the co-creation system must be made 
obvious so that employees can understand the functions and their effects more easily 
and quickly (Dix 2007). In order to address these problems and to provide better 
targeted support to employees in the development of learning materials, I initiated a 
second BIE cycle. 

7.2.3.5 Stage 3: BIE – Cycle 2 

Informed by the results from the first prototyping and considering the developed 
design principles and recommendations from the first cycle, I develop a beta version of 
our co-creation system in cycle 2. To instantiate our tentative design principles, I 
developed a learning environment in which the co-creation system is integrated. 
Furthermore, the development of the co-creation system was accompanied by an 
intensive exchange between the researchers and the practitioners in the ADR team. 
The developed beta version of the system is illustrated in Figure 39.  
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Figure 39:  Overview about the designed Co-Creation System.  
Source: Own figure  

The creation process of learning material consists of three main steps. In the first step, 
the material is assigned to a work and process step. Since the created learning material 
is situational and consists of rather small-step contributions (Wegener and Leimeister 
2012b), as it can be created easily and quickly during the work process, it must be 
integrated into the corresponding work and process steps. Simultaneously, employees 
can choose whether they want to document a standard or a problem-solving procedure. 
In the second step, the content of the contribution is created. Descriptions and images 
are created following a structured learning process and work task consisting of several 
sub-steps. The task and its individual steps are phrased using directive words, discrete 
work process identifiers are employed, and otherwise guidelines for Easy-to-Read 
materials are employed (e.g., Maaß 2015). For every step in a work process, a text and 
an image are created. The image can be further processed through interaction 
possibilities. In the last and third steps, the employees then check the accuracy of their 
contributions. Once the learning material has been successfully created, it is forwarded 
to the responsible supervisor for review. The superior then can revise the article or 
send it back to the employee with comments for revision, to comment on it directly, 
and to publish it for the employees afterward. To verify our design considerations, I 
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conducted a focus group workshop. The background and process of the workshop are 
described below. 
 
Method 
 
Evaluation studies indicate that a combination of quantitative and qualitative 
approaches has proven to be advantageous for obtaining constructive feedback and 
improving the quality of the co-creation system (Pletz et al. 2020). While I capture the 
aspects of usability and motivation in a standardized manner through questionnaires, 
factors like learning outcomes are measured with different methods, which are 
characterized by subjective criteria (Bucher et al. 2019). Furthermore, particularly in 
manufacturing, there are complex activities involved in the operation of the machines, 
which contain both declarative and procedural elements - that is, the understanding of 
the overarching manufacturing concept or the knowledge of the manufacturing steps 
leading up to the finished product. Therefore, to address this complex evaluation 
environment (Derry et al. 2010), I combine a structured video analysis and concept 
maps as our qualitative method approach with the quantitative data obtained from a 
questionnaire. The video data provide a structured method to make the executed action 
sequences accessible in their complexity and to enable a comparison with the created 
learning material. In this manner, I can view the co-creation process from different 
perspectives, which allows us a more in-depth evaluation of the results (Derry et al. 
2010). Furthermore, concept maps are “diagrams that represent ideas as node-link 
assemblies” (Nesbit and Adesope 2006, p. 413) and are a proven tool for the 
measurement of learning outcomes (Kinchin et al. 2019). To measure these outcomes 
as well as previous knowledge, the learners create a concept map at the beginning of 
the workshop and revise them at the end of the workshop (Liu and Lee 2013). In 
addition, quantitative questionnaires were used to evaluate the learner experience 
(Laugwitz et al. 2008), the technology acceptance (Davis 1989), and the motivation of 
the learners (Kopp et al. 2006). 
 
 
Workshop Procedure and Participants 
 
The focus group workshop was conducted with 16 employees at the VET Training 
Center. The workshop situation was selected to meet the conditions in production. The 
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employees here were working on a semi-automated CNC machine, in which certain 
parts were to be changed and produced anew. At the beginning of the workshop, the 
employees created an initial concept map to gauge their prior knowledge. After a short 
introduction to the learning environment, the employees were asked to independently 
develop learning material in groups of two for a previously defined work process on a 
partially automated CNC machine. Several types of learning content was created, and 
the participants alternated in handling the tablet and entries on the learning platform. 
For the creation, the employees used a tablet to create photo material in addition to 
their text-based input. During the process, the learners were filmed by several video 
cameras and observation protocols were recorded in writing. After the creation process 
was completed, the employees revised their previously designed concept map. In the 
last step, the participants filled out the questionnaire. The entire procedure is depicted 
in Figure 40. 

 

Figure 40:  Workshop Design (the sections with the camera symbol are recorded).  
Source: Own figure 

Reflection and Learning from BIE Cycle 2 

In this section, I report on the results of the focus group workshop and our conclusions 
for the further development of our learning environment. To structure our findings, I 
will follow the procedure of the workshop. Accordingly, I first report on the results of 
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the concept maps (both pre- and post-intervention), then show the results of the 
structured video analysis, and finally discuss the results of the survey. 

Concept maps 
 
The concept maps were qualitatively evaluated with a holistic scoring rubric 
(Besterfield-Sacre et al. 2004) that is less likely to award disproportionate scores to 
long hierarchical structures, thus favoring so-called chain maps (Kinchin et al. 2000), 
does not promote cross-links between hierarchies to boost scores (Novak and Gowin 
1984) and does not automatically equate addition of propositions as desirable map 
changes as traditional, component-based scoring methods do (e.g. the ‘Adapted Rubric 
for Traditional Concept Map Scoring’ by Watson et al. (2016)). Instead, the rubric 
focuses on three distinct attributes present in an individual map: (1) 
Comprehensiveness as an indicator of the breadth and completeness of the externalized 
knowledge structures, (2) organization to describe the effort put into the systematic 
organization of the concept map as a whole and (3) correctness to identify the degree 
to which the concept map conforms to facts, known truth, and logic (Besterfield-Sacre 
et al. 2004). Each of these attributes can be further distinguished by differentiating 
three performance levels (1 to 3 with their respective criteria for qualitative coding). 
Appendix B.2 presents the resulting coding manual by Besterfield-Sacre et al. (2004) 
that was used for coding. A total of 16 concept maps from eight learners were coded in 
MAXQDA by two researchers of the ADR team after the intercoder agreement was 
established. The mean scores of all learners are depicted in Table 13. 

Holistic Scoring (Scientist) Pre-Intervention Post-Intervention 
Comprehensiveness 1.4 2.1 
Organization 1.4 1.8 
Correctness 2 2.4 
Sums 4.8 6.3 

Table 13: Mean Concept Map scores of cycle 2.   
Source: Own table 

In all cases, the post-intervention concept maps were awarded a higher score than the 
pre-intervention maps. Changes made to the concept maps benefit Comprehensiveness 
Scores more (Δ=0.7) than Organization and Correctness Scores (both Δ = 0.4). Except 
for one participant, all students decided to revise instead of redo the concept map, 
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followed by the highest summed up Point-Δ of 3 for this participant with 2 additional 
points in Comprehensiveness and 1 additional Point in Organization.    
 
Video data 
 
The results of the structured video analysis revealed exciting further development 
potential for the co-creation system. Approximately 195 minutes of video were viewed 
by two members of the ADR team and then coded using MAXQDA. The coding was 
supposed to reveal optimization potentials with regard to design, instruction, and 
interaction. Only the codes that were mentioned at least twice by different participants 
were recorded. Moreover, design-related recommendations were always taken into 
account. A brief overview of the definition of these optimization potentials is provided 
in Table 14.   

Category Definition Codes Example 
Design-related 
optimization 
potential 

Errors in the platform environment OR 
difficulties in running the process due to the 

technical design, e.g., the given editing 
possibilities of images. 

33 The image was inserted the wrong 
way around in the learning 

environment 
(Group2_Video_24:07-24:22) 

Instruction-
related 
optimization 
potential 

Difficulties or errors during the creation 
process due to unclear or unspecific 

instructions given by the platform, e.g., the 
person asked the trainer or the peer what to 

do. 

24 Participants take several pictures, 
as they do not know which one 

they should take exactly 
(Group1_Video_14:08 – 14:59) 

Interaction-
related 
optimization 
potential 

Difficulties or errors during the creation 
process due to incomplete knowledge or skills 

of the person, e.g., when the person has 
difficulties performing the work step correctly 

or asks the peer what to do. 

11 Participants accidentally first carry 
out and then document the work 
process. (Group2_Video_4:59-

05:24) 

Table 14: Categories for the systematic video analysis.   
Source: Own table 

In the structural video analysis, seven design-related optimization potentials were 
identified, which will be considered in the next revision of the platform. 
 
With regard to the instruction-related optimization potentials (N = 6), the instructions 
must be further sharpened in the co-creation process, for example, by providing more 
information regarding the correct selection of images. Furthermore, the results 
revealed that the participants were not clear about the difference among work process, 
process step, and steps within the material. Against this background, I provide more 
information to inform users about the background of the division.  
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Within the interaction-related optimization potentials (N = 3), there are approaches for 
improvement in the introductory tutorial. Several learners had difficulties in the initial 
phase of the creation process, which could indicate an insufficient introduction to the 
co-creation system.  
 
Questionnaire – Descriptive Results 
 
The survey was designed to assess the usability of the system (Laugwitz et al. 2008), 
technology acceptance (Davis 1989), and user motivation (Kopp et al. 2006) during 
the creation process. To evaluate the usability of the co-creation system, I assess the 
pragmatic and hedonic quality of our system, where the pragmatic quality captures the 
objective usability goals, and the hedonic quality measures the user satisfaction of the 
tool. Thus, the usability of the co-creation system is rated as good in terms of both 
pragmatic quality (+1.15) and hedonic quality (+1.7) (Laugwitz et al. 2008). 
Furthermore, in order to assess the technology acceptance of our system, I assessed the 
perceived usefulness and ease of use as well as the behavioral intention to use (Davis 
1989). The usefulness of the co-creation process (median = 5.75, interquartile range 
(IQR²) = 0.75), and the perceived ease of use of the system (median = 5.13, IQR² = 
0.88) were rated as high. Furthermore, the intention for the use of the co-creation 
system in the future was rated as medium to high (median = 5.5, IQR² = 1.25). 
Furthermore, the results reveal that the employee experienced a strong motivation in 
the creation process (median = 6, IQR² = 0.33).  
 
After reflecting on these positive results of the testing phase in the VET training 
center, I decided to conduct another evaluation to test the practicality in the health care 
company as well. This testing must verify whether the system can also provide these 
results in practice. 

7.2.3.6 Stage 4: BIE – Cycle 3 

Informed by the results and the method of the second BIE cycle, I used the prototype 
in the company context to verify if the learning environment is suitable for the real-
world context (stage 5, Figure 35). The aim of the evaluation was the validation of the 
results of cycle 2 in the manufacturing department of health care providers. In 
addition, my aim was to examine the cognitive load of the employees during the use of 
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the co-creation system. However, due to the COVID-19 pandemic, I had to radically 
adjust our methodological approach. To protect employees, I was denied direct access 
to production because the production of medical devices was considered highly critical 
during the pandemic. Thus, I adapted our methodological approach to focus on the 
development of concept maps to capture knowledge acquisition and questionnaires to 
measure the cognitive load of the employee in the co-creation process.  
 
Workshop Procedure and Participants 
 
The workshop was conducted with 18 employees in a manufacturing plant of a health 
care company in Germany. Due to the pandemic, travel restrictions, and the lack of 
equipment, the evaluation could not take place in the same facility that I had visited in 
cycle 1. The learners were industrial mechanics and mechatronics engineers, who were 
to use the platform to develop work process-related learning material during the two-
day testing. All the learners were males, were on average 19.12 years old, and had 1.3 
years of work experience in the company. In addition, the employees were deployed in 
different work processes, which was reflected in the diverse learning contributions. At 
the beginning of the two days, the learners were given an introduction to the system 
and the method of the workshop. Due to the remote situation, the employees, for the 
most part, familiarized themselves independently. The investigators were available for 
questions and answers via MS teams.  
 
Method 
 
The method of the workshop follows the methodology from Cycle 2 (see 7.2.3.5). 
Against this background, it will only be presented briefly here. To measure the 
learning outcomes of the employees, I used concept maps in a pre-post design 
(Besterfield-Sacre et al. 2004). Furthermore, I surveyed the cognitive load (Ayres and 
Youssef 2008) and the user experience with the user experience questionnaire (UEQ) 
(Schrepp et al. 2017). Ayres and Youssef (2008) describe the cognitive load along 
with different factors, which I have adapted for our co-creation process: Difficulties in 
Learning describe factors that refer to obstacles in the creation process - for example, 
following the creation process or answering the guiding questions. This factor includes 
intrinsic and extraneous cognitive load. Effort and concentration in learning describe 
factors that refer to concentration and learning problems. According to Ayres and 
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Youssef (2008), this cannot be referred to as the classical germane load, because the 
mental effort was completely measured by this schema. Last but not least, the factor 
demonstration helpfulness describes factors to rate the support of the creation process. 
In their study, Ayres and Youssef (2008) also presented a fourth factor called 
motivation. However, I do not include this factor, because the internal consistency of 
this factor was rather low in their study. The items can be found in Appendix B.4 and 
were measured on a 9-point-Likert scale.  
 
The UEQ measures employee experience with both pragmatic and hedonic qualities 
(Schrepp et al. 2017). Both qualities are headings, which summarize different aspects 
of quality. Pragmatic quality focuses on the goal- and task-oriented aspects of the co-
creation system. High pragmatic quality enables users to achieve their goals effectively 
and efficiently (Laugwitz et al. 2008). In comparison, hedonic quality aims to 
enlighten other quality aspects that are not task-oriented - for example, originality. 

Reflection and Learning from BIE Cycle 3 

In this section, I reflect on the results of our third BIE cycle and the focus group 
workshop conducted within the working process of 18 blue-collar workers. This last 
cycle must examine whether the system can demonstrate its usefulness and usability in 
a corporate context. Thus, within the workshop, 18 learning contents were created, 
which included a wide variety of topics. An example of such learning content 
regarding the commissioning of a control cabinet and a coolant analysis is presented in 
Figure 41. 
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Figure 41:  Example of a generated output. Due to the micro learnings’ length, it had to be 
shortened.  
Source: Own figure 

Concept Maps 

As in the procedure outlined in cycle 2, I focus on the three distinct attributes present 
in an individual map (Besterfield-Sacre et al. 2004). In summary, 10 concept maps 
were analyzed by two independent raters, and several maps had to be excluded 
because learners had filled them out incorrectly. The mean scores are depicted in Table 
15. 
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Holistic Scoring (Scientist) Pre-Intervention Post-Intervention 
Comprehensiveness 1.9 2.3 
Organization 1.7 1.7 
Correctness 1.8 2.4 
Sums 5.4 6.3 

Table 15: Mean Concept Map scores of cycle 3.   
Source: Own table 

With one exception, learners performed better in the post-intervention concept maps, 
at least in terms of Comprehensiveness (Δ = 0.4) and Correctness Scores (Δ = 0.6). 
Organization scores show little change, with one learner’s score decreasing in concept 
mapping performance in this regard, as the concept hierarchies developed in his map 
were less distinct. Learners of cycle 3 show a higher level of performance compared to 
the learners of cycle 2 in both Comprehensiveness and Organization during the first 
concept mapping phase, but they caught up in Correctness after the intervention.  
 
Questionnaire – Descriptive Results 
 
To measure the usability of the learning environment, I used the UEQ at the end of 
both days. At the end of the first day, both pragmatic (+2.075) and hedonic (+1.2) 
quality had good ratings, which indicates that the familiarization with the system and 
initial creation of learning materials was easy for employees. On the second day, the 
pragmatic (1.069) and hedonic qualities (+0,903) were lower, but within the limits 
specified by Laugwitz et al. (2008) and (Schrepp et al. 2017) for positive usability.  
 
The cognitive load was measured in a pre-post design along with the shown three 
factors (Ayres and Youssef 2008). The results of the measurement are presented in 
Table 16. 

 Minimum Maximum Mean SD 
Difficulties in Learning  1.9 2.3 2.64 1.68 
Effort and concentration in learning 1.7 1.7 5.32 1.30 
Demonstration Helpfulness 1.8 2.4 5.94 1.52 

Table 16: Cognitive Load Measurement.   
Source: Own table 

The measurement indicates that the cognitive load of the learners was rather low 
during the creation process. In particular, the “difficulties in learning” factor (which 
refers to the classic intrinsic and extraneous cognitive load) is rather low, thereby 
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indicating that the co-design process of the learning material is not overwhelming for 
the workers. Simultaneously, the factor "Effort and concentration during the task" 
shows an increased value. It can be assumed that the task has been designed in a 
challenging manner and that the learners do not digress as a result. To sum up, the 
third factor - “Demonstration of helpfulness” -measures if the co-creation system is 
considered helpful and does not overburden with extraneous CL. Our results reveal 
that employees find the learning environment helpful and that it supports them in 
developing learning materials. 

7.2.4 Discussion and Outlook 

Overall, the design principles and recommendations presented in this study incorporate 
specifications for a successful and learner-centered implementation of a co-creation 
system in the manufacturing industry with the consideration of CL. Through rigorous 
and formative evaluation within the individual development cycles, I ensured that the 
identified challenges and problems were addressed. To answer our research question, I 
provided empirically validated design principles and features for the design of a co-
creation system, which fosters the collaboration of blue-collar workers on the shop 
floor. 

7.2.4.1 Discussion of the Findings 

The quantitative descriptive results revealed positive technology acceptance in terms 
of the perceived usefulness, ease of use, and behavioral intention to use by the 
employees. This indicates that the learning environment has been designed in such a 
manner that it can support employees in the development of work-process-related 
learning materials. The positive technology acceptance of the employees is the central 
building block for the integration of the co-creation system into their everyday work 
(Egger-Lampl et al. 2019). Simultaneously, our positive usability tests in cycles 2 and 
3 indicate that the learning environment is easy for workers to use, thereby suggesting 
that workers will use the co-creation system to support the creation process. This 
assumption is also supported by the positive results in the survey pertaining to user 
motivation. In addition, during the third BIE cycle, I was able to show that the 
cognitive load on employees during the creation process was at a manageable level. 
The co-creation process developed during the design cycles does not appear to 
overwhelm employees in the creation of work process-related learning materials. 
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Furthermore, the selected measurement method, which I adapted from Ayres and 
Youssef (2008), does not fit the exact understanding of cognitive load presented by 
Choi et al. (2014) at the beginning of our study. In most cases, cognitive load is 
measured according to a traditional understanding. Nevertheless, I chose this 
measurement method because the evaluation of the instructional design by Ayres and 
Youssef (2008) and that in our paper are rather similar. 
 
Moreover, the results from the concept map reveal an overall improvement in mapping 
performance, thereby indicating noteworthy knowledge acquisition achieved by 
participating in the co-creation process. The individual concept maps indicate a 
tendency toward prototypical chain maps (Kinchin et al. 2000) that are associated with 
practical but not expert knowledge regarding the work process (Kinchin et al. 2019). 
In particular, when pre- and post-intervention maps of individual learners are 
compared, new propositions are often simply added to the lower levels of the 
hierarchy, which may be a result of our offer to revise instead of redo the concept map 
in the post-intervention phase, eventually stunting the reorganization of the map as a 
whole. Against the background of improving our collaborative training-on-the-job 
program (Besterfield-Sacre et al. 2004), promoting further learning endeavors to build 
upon existing knowledge structures (Ausubel 1968) demands both breadth of 
knowledge and reorganization to be advocated in the co-creation process. 
 
These results reveal that the designed co-creation process can systematically support 
employees in the creation of their work-process-related learning material. 
Simultaneously, our results also reveal that the process not only enables the design of 
didactically high-quality learning material but also leads to positive effects in the 
knowledge acquisition of the people involved in the knowledge-creation process. 
Furthermore, the results regarding the motivation of the users also indicate that the 
design of the co-creation process can increase employees’ willingness to share their 
knowledge.  
 
Furthermore, various design-, instruction-, and interaction-related optimization 
potentials for the co-creation system could be identified due to the systematic video 
analysis, the feedback of the workers, and the insights from the questionnaires. 
Furthermore, the evaluation directly in the work process in cycle 1 provided additional 
important insights for the further development of the learning environment. Our 



 

185 
 

approach has revealed how important the structured co-creation process is for the 
development of high-quality learning material in manufacturing. In contrast to other 
fields of application where co-creation processes can be designed more freely (Bovill 
2020), the use of structured work instructions appears to be promising in such 
learning-hostile manufacturing environments. This became apparent when I closely 
examined the individual cycles of our project. During the second BIE cycle, the 
learning environment allowed a lot of freedom (texts, photos, and videos could be 
freely placed in the article). Although this allowed the employees to work more 
creatively, these degrees of freedom in the creation process were more of a distraction 
during the work process than a positive influence on the quality of the learning 
material. In comparison, I found that the structured co-creation process in the final 
prototype had a positive effect on employees to create learning material in the work 
process. 
 
Overall, employees were positive with regard to the practice of collaboratively 
developing learning materials through the learning environment. Through 
collaboration and discussion in the creation process, employees were able to gain new 
insights into the design of their learning materials. Furthermore, the evaluation of the 
third cycle revealed that employees occasionally encountered difficulties in developing 
learning materials collaboratively. As the employees were supposed to create the 
learning material during the work process, they occasionally had problems finding a 
partner for the creation. This can be remedied by identifying a means to discuss 
learning materials through the system. In this context, the question arises regarding 
whether the review of the learning material by the supervisor as part of the review 
process is the right way to obtain high-quality learning material. Through this review, 
employees felt compelled to record only officially approved workflows and did not 
share their informal knowledge with others (Spence and Reddy 2012). This discussion 
function could perhaps also help to solve this problem by allowing other employees to 
report on the informal procedure as well. I believe that these could be exciting aspects 
for further CSCW research. 
 
As noted in the problem formulation stage, the inclusion of different learners in the co-
creation process is a crucial factor for their success (Bovill et al. 2016). During our 
evaluations, I appear to have succeeded in this because during the structured video 
analysis, I did not notice any situation in which employees did not participate in the 
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co-creation process. However, at the same time, this assessment must be viewed with 
great caution. Although the experimenters did not constantly stand next to the 
employees during the creation process so that they could work as independently as 
possible, and the cameras were mounted on tripods, it is possible that open observation 
can cause a behavioral change (Döring and Bortz 2016). While I took great care in our 
evaluation, the evaluation of cycles 2 and 3 were limited to two days each. Against this 
background, an in-depth evaluation over a longer period directly within the operation 
of the learning environment to observe its use in regular operation could be useful. 
This will allow us to draw further conclusions about the use of the system. However, 
due to the small number of learners and the given framework conditions, a quantitative 
measurement of the cognitive load was not possible. 

7.2.4.2 Contribution to Theory and Practice 

Overall, our study provides several insights and contributions to theory and practice. 
According to Gregor and Hevner (2013b) and Hevner et al. (2004b), the theoretical 
contribution comprises the representation of a real-world problem - that is, design 
principles for co-creating a learning environment - and enables the exploration of the 
effects of design decisions and the changes in the real world in order to integrate the 
co-creation system in the working processes of companies. Following Gregor (2006), 
this is a theory of “design and action”. I contribute to the scientific body of knowledge 
by identifying means to overcome the challenges identified by insights gained in the 
several development steps of the co-creation system. Moreover, our solution reveals an 
improvement for a known class of problems. According to Gregor and Hevner 
(2013b), our generated design knowledge in the form of design principles is a nascent 
theory of design and action because it provides generalizable insights that can be 
applied to various co-creation cases - for example, for digital citizen participation. 
Furthermore, for the CSCW community, I show how co-creation systems can support 
the collaboration of employees in designing work-process-related learning material to 
support the on-the-job training of employees (Ludwig et al. 2018). Simultaneously, I 
show that such an approach can promote the development of integrative and 
comprehensive knowledge in the manufacturing industry.  
 
In addition, through our mixed-methods approach, I demonstrate an innovative and 
interdisciplinary method to make the success of the developed artifacts measurable in 
small groups of employees, like in manufacturing. In addition, our results reveal that 
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developing learning materials with peers has a positive effect on the learning process 
of the workers. For example, it appears that through collaborative work on learning 
materials and the discussions that this stimulated, workers were inspired to create 
learning materials. As the evaluation for the third cycle revealed, the support provided 
by the co-creation system in combination with the co-creation of the learning material 
with a colleague can represent a profitable approach to creating high-quality learning 
materials in the work process. By combining concept maps, structured video analysis, 
and descriptive surveys, I were able to measure the effects of our system on the co-
creation process as well as identify problems and opportunities for further 
development of the learning environment.  
 
Finally, I contribute to practice by providing knowledge that supports employees to 
systematically document their knowledge in the form of work-process-related learning 
material. This could be a new approach for practice - to make informal knowledge 
from practice available to other employees in the form of work-process-related 
learning material (Spence and Reddy 2012). In addition, our research can be 
considered a starting point for the further development of co-creation systems in other 
manufacturing areas. By systematically identifying the problems and challenges of co-
creation processes in manufacturing, I can support practice in the development of 
appropriate systems for the creation of work-process-related learning material. To 
ensure the quality of our design principles and our design knowledge in general, I 
followed Sein et al.’s (2011) suggestions for good action design research. In addition, I 
followed the assumptions by Gregor et al. (2020a) for the formulation and systematic 
presentation of design principles. 

7.2.4.3 Limitations and Future Research 

Although our research of the iteratively integrated insights from theory and practical 
evidence from the focus group workshops on the problem domain of VET reveals both 
theoretical rigor and practical relevance, our study has several limitations. While I 
believe that the focus on the theoretical concepts of co-creation, cognitive load, and 
situated learning theory is the most suitable approach for building our body of 
knowledge, a systematic approach for the collection of literature could have been more 
fruitful. However, since our research adopts a very practical and problem-oriented 
approach, the rigorous identification of practical requirements was the focus of our 
work. Moreover, our approach is limited to the knowledge I have gained in the course 
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of our cooperation with the two companies examined here. Although our results have 
been confirmed by VET experts, it cannot be ruled out that with increasing automation 
of process flows, requirements of the learning environment, and their integration into 
the work process may remain unconsidered.  
 
Furthermore, the developed review process of learning contributions may encourage 
workers to create only official learning materials. From an informal learning 
perspective, this could be problematic, because informal work processes are often an 
important aspect of daily work (Spence and Reddy 2012). With this in mind, the 
creation and review process must be re-examined in terms of whether informal 
knowledge contributions are also submitted or whether this process makes sharing 
more difficult than encouraging it.  
 
Finally, additional dimensions of design and evaluation should be considered - such as 
the inclusion of other stakeholders, more outcome examination, and the consideration 
of the subsequent use of the created learning material - to ensure that it can improve 
the learning success of employees. This fact is of profound importance, as 
manufacturing processes and environments can differ greatly. Thus, approaches from 
organizational learning can perhaps help to build a bridge to other application contexts 
and to further explore this topic in an interdisciplinary manner (Senderek 2016). 
Against this background, the results that are presented are only partially transferable to 
other manufacturing processes. Consequently, it would be beneficial for future 
research to conduct a quantitative evaluation of the design principles to further 
enhance the internal validity of our results and to further prove their effectiveness in 
various manufacturing contexts. Furthermore, it must be understood that our research 
can only be the beginning of a holistic perspective of the supporting possibilities that 
co-creation systems enable in manufacturing. For example, conversational agents like 
chatbots may offer the possibility of supporting blue-collar workers individually 
within the co-creation process of learning materials (Wellsandt et al. 2020; Knote et al. 
2021). In addition, new technologies such as virtual reality or augmented reality can 
support employees in the development of learning materials (Hoffmann et al. 2019) 
and amplify the situational reference of the materials. However, there remains a lack 
of concrete support for the development of such learning environments, which must go 
hand-in-hand with new pedagogical concepts in order to support the co-creation of 
learning materials. 
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7.3 Interactive Work-Process-Oriented 360-Degree Learning 
Environment 

7.3.1 Introduction 
Increasing digitalization is changing the work of industrial companies (World 
Economic Forum 2018). Work processes are being digitalized and with them the 
associated information, materials, and documents. Companies are faced with the 
challenge of making the necessary learning and training material available to their 
employees digitally, while at the same time compensating for the lack of technical 
infrastructure, especially in crises such as the COVID-19 pandemic. The transfer of 
practical, action-oriented knowledge, such as the operation of industrial machines, 
represents a huge challenge (World Economic Forum 2018). 
 
A possible solution for the digital mediation of industrial machines operation is the use 
of interactive 360-degree images, videos, and virtual environments (Theelen et al. 
2019; Berns et al. 2018). Compared to other technologies, 360-degree material 
supports the experience of learning content in an interactive, immersive, and realistic 
way (Fassold and Takacs 2019), to improve the perception and preparation of the 
learning content (Theelen et al. 2019), which enhances the learning experience 
(Gänsluckner et al. 2017). With 360-degree cameras, it is possible to enable the 
enrichment of learning situations by capturing realistic and immersive images 
(Theelen et al. 2019). The resulting 360-degree images in turn enable learners to be 
situated in the working and learning environment, and, thus, being more actively 
involved in the learning process (Gänsluckner et al. 2017; Virtanen et al. 2017). For 
instance, industrial machines are recorded with a 360-degree camera and then provided 
with interactive buttons containing information on how to operate the machine 
(Chinello and Koumaditis 2019). Because such interactive learning environment make 
learning processes tangible for learners, training work processes gets easier. I define 
interactive as the usage of virtual elements that are integrated into the 360-degree 
images and enable the interaction with the content, the teacher, and other learners 
(Moore 1989). However, the creation of interactive 360-degree images is very 
complex and done arbitrarily (Gänsluckner et al. 2017). As such, design knowledge to 
create and set interactive elements by teachers or even learners in order to support the 
learning process is missing. Although the use of 360-degree learning environments can 
support the manifestation of action- and work-process-oriented knowledge, it is still 
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unclear how the necessary interaction in learning processes must be designed to 
enhance knowledge acquisition. Currently, there is a lack of knowledge regarding the 
creation of interactive 360-degree images which supports the acquisition of action-
oriented knowledge (Kose et al. 2013). Anecdotal evidence from industry partners 
suggest the need for a framework in order to support the implementation of interactive 
elements and the creation of an interactive work-process-oriented 360-degree learning 
environment. As a result, they had no influence and knowledge on how to support the 
motivation and performance of their learners within the training and learning process 
in 360-degree environments. Based on these challenges, the following research 
question arises: 

How must an interactive 360-degree learning environment be designed to support the 
knowledge acquisition of learners in the training and learning process? 

To answer the research question, I first derived different dimensions and approaches 
for the creation of an interactive 360-degree learning environment by a systematic 
literature review. Furthermore, I conducted five interviews with learning service 
providers to find out which methods and technologies, in particular 360-degree 
technology and virtual reality, are used in the teaching and learning process. Based on 
a state-of-the-art analysis of the literature and the comparison with practice, I created a 
framework for developing interactive 360-degree learning environments by extending 
interaction theory to support the learning process. The framework is designed to 
enable companies and learning service providers to create interactive 360-degree 
learning environments using their existing resources. Furthermore, it should offer 
practical, work-process-oriented knowledge in a digital way to support learner’s 
motivation, engagement and performance and knowledge. 

Based on the preliminary work, I developed in three iterations an instantiation of the 
framework as a web-based, interactive 360-degree learning environment. During every 
iteration, I evaluated the artefact by creating concept maps, conducting observations, 
making video analysis, performing semi-structured interviews as well as usability tests 
with precision mechanics during three workshops. 
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7.3.2 Related Work 

7.3.2.1 Interactive 360-degree learning environments 

Current virtual learning environments as learning management systems (LMS) often 
rely on learning through direct teaching (e.g., via educational videos) rather than on 
learners' independent discovery (Chi 2009). As a result, learners are often unable to 
structure their learning process independently, which must be taken into account when 
designing the learning environment (Dehnbostel 2008). 

According to Chi (2009), learners with an active role have a better learning process 
and added value compared to learners without an active role. In constructivist learning 
theory, learners create knowledge by solving problems in their real working 
environment (Kim et al. 2015). This is particularly important in vocational education 
and training, since learners often need to independently learn work-process- and 
action-oriented knowledge to perform their tasks (Erpenbeck et al. 2016).  

The use of interactive 360-degree images and videos should enable the learner to go 
through the learning process in a quasi-real representation of the learning and working 
process (Chinello and Koumaditis 2019). Depending on the degree of the virtual 
representation of the 360-degree images, they can either be assigned to a sub-form of 
mixed reality or, in the case of a complete computer-simulated environment, to virtual 
reality (Pellas et al. 2019; Berns et al. 2018).  

The 360-degree learning environment allows for a realistic immersion in the learning 
and working process in which the learner can move and interact freely and in a self-
determined way. This distinguishes 360-degree images from conventional images, as 
they do not allow such direct interactions. These interactive 360-degree learning 
environments have advantages over completely computer-simulated environments 
because work-process- and action-oriented knowledge is always integrated into a 
situation (situated knowledge) and is a part of an activity. In addition, interaction 
elements within these 360-degree images offer the possibility to design the learning 
environment in such a way that the learner can interact directly with it (Kim et al. 
2015).  

According to Chi (2009) a meta-study was able to find out that a more active role of 
the learner in the learning process can increase their engagement. For example, simply 
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looking at a 360-degree image is a rather passive activity. By using interactive 
elements, the learning process can be designed in a way that the learner is actively 
encouraged to interact with it and is forced to actively participate.  

Against this background I define interactive 360-degree images as a form of media 
that uses interactive elements to mediate the interaction between the learner, material 
and other forms of interaction using 360-degree images (Berns et al. 2018). 

7.3.2.2 Interaction Theory 

To understand the impact of interactive 360-degree images on learning, I draw on the 
notion of interaction theory (Moore 1989). Due to their high degree of realism, these 
images allow for a wide range of different interaction possibilities. The meaning of the 
term interaction addresses the interrelation between human beings and their 
communicative activities among each other (Heath and Bryant 2013; Oeste-Reiss et al. 
2016). Interactions are important in the learning process, because they support the 
knowledge acquisition of learners. For learning purposes, Moore (1989) distinguishes 
between three different types of interaction: Learner-Content, Learner-Learner, and 
Learner-Teacher interaction. I focus on the Learner-Content interaction with the aim 
to offer structured content for independently learning to all learners.  

Learner-Content interaction refers to the handling of interaction between the learner 
and the learning material. Through the study of the learning material, the 
understanding and perspectives of the learner changes (Martin and Bolliger 2018). 
This leads to an increase in motivation and participation within the learning process 
and improves the exchange between different learners and teachers (Oeste-Reiss et al. 
2016).  

Learner-Learner interaction refers to the exchange among learners. Through this 
interaction, the leaners’ reflection ability improves through the stimulation by the 
exchange with other learners (Abrami et al. 2011). This enables learners to assess their 
own experiences and competences, which helps to self-organize the learning process 
(Winne 2016; Hall and Stegila 2003).  

Learner-Teacher interaction describes the interaction between the learner and the 
responsible person for the learning process (Moore 1989). Interaction between learner 
and teacher is important, as teachers guide the learning process and can provide 
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feedback on the progress (Hattie and Timperley 2007; Bitzer and Janson 2014). This 
feedback helps learners to structure their learning process and enables the opportunity 
to actively contribute to the learning process with their own ideas and thoughts (Martin 
and Bolliger 2018).  

However, such interaction opportunities are often lacking in traditional digital learning 
environments due to the missing connection to the learners' working world. Virtual 
learning environments can support these interactions because they map them and thus 
enable a direct reference to the work process (Pellas et al. 2019). Thus, a whole range 
of interaction elements can be used to promote interactions while learning.  

However, it is still unclear how such a virtual learning environment has to be designed 
in order to foster interactions during the learning process and which input is needed for 
the design process of such interaction elements. Therefore, I create an interactive, 
work-process-oriented 360-degree learning environment based on the current state of 
research and practice. 

7.3.3 Research Approach 

7.3.3.1 Requirements Engineering and Development Process 

For developing interactive 360-degree images, I derived and analyzed existing 
knowledge about interactive images and 360-degree images within the literature and 
practice in a first step. While I conducted a systematic literature review according to 
Webster and Watson (2002a) and Vom Brocke et al. (2009a; 2015a), I also conducted 
five interviews with experts from German digital learning platforms for deriving 
knowledge from the environment with an analyzation process following Mayring 
(2014b). All steps about the systematic literature review and the interviews can be 
found in the appendix (see Appendix C.2 and Appendix C.3). 

Based on the founded elements of interactive 360-degree images, I develop a 
framework, which can be used for creating interactive 360-degree images in order to 
create and support the learning process. A detailed description of the framework with 
its recommendations can be found in the appendix as well. 
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7.3.3.2 Pilot Study and Evaluation 

In the first workshop, learners operated a 3D printer (ProJet 460) through the use of an 
interactive 360-degree virtual environment. In the environment, the micro learnings 
previously prepared by a teacher were used and linked using a systematic submission 
process. In the second workshop, learners had to complete the same task again, this 
time involving novices who were briefed by learners from the first workshop. In the 
final and third workshop, learners created their own micro learnings using the platform 
with the systematic submission process and optionally operated the 360-degree 
environment again. 

Observation and Video Analysis 

Observation methods will be used for an in-depth analysis of the learners' behavior and 
interaction during the learning process with the 360-degree images (Becker 2008a). 
During the observation process, the learners were filmed to allow for later video 
analysis of the results. At the same time, an observation protocol was maintained by 
the observer. I followed the procedure suggested by Becker (2008a) which assigns a 
passive role to the observer and thus is not part of the activity. Observation methods 
represent a proven method in vocational training research to be able to quantify the 
learned work procedures in the work process. To analyze our results, I followed the 
procedure of Pletz et al. (2020), who developed a VR environment for training in the 
work process. Unlike our artifact, however, they use a fully immersive approach to 
training learners. Based on this, I divide our observations into three dimensions: 
Errors, difficulties, and other anomalies. Errors describe actions that are not 
performed, performed incorrectly, performed in the wrong order, or when an incorrect 
tool is used.  Difficulties are characterized by the fact that they are directly related to 
an action with which the participant shows that he or she is stuck. For example, by 
asking the expert what to do next. Other anomalies are actions, which do not fit into 
the above dimensions, e.g., comprehensible, and permissible changes in the procedure. 

Usability Testing and Semi-Structured Interviews 

For the usability testing, I used the think-aloud method according to Lewis (1982) for 
evaluating our user interface design and specific features of the interactive 360-degree 
images for supporting the training and work process. During the usability test all 
learners have to share their opinion vocally by describing what stands out positively, 
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negatively, or neutrally about elements, interaction points, settings, content also with 
regard to color, functionality, etc. After a short start-up phase, all learners were given 
the task of operating the 3D printer again via the virtual environment, only this time 
they had to think-aloud. In addition, I used the usability criteria by Osman et al. 
(2009), which are rating the following criteria from 1 (Strongly Disagree) to 4 
(Strongly Agree) including qualitative feedback: Speed of scene movement, 
Navigation, Background sounds, Terminologies, Quality of scenes/images, Text / 
Voice description, Attractiveness and Suggestions. For evaluating specific features, I 
asked the following questions: 1) Do you understand the functionality of the feature? 
2) How well does the feature work? 3) What do you particularly like or don’t like 
about it? 4) Which variations did you use and why? (if two features were available) 5) 
How well does a, b, c of the feature work? as well as 6) Where would you place the 
content on the image and why? Who do you think should create the content? Who do 
you think should create the linkage between the content and the image? 

For evaluating the developed interactive 360-degree learning environment and the 
associated framework, I conducted 15 interviews during three workshops with nine 
learners of an inter-company vocational training center in a Western European 
country. The nine learners are precision mechanics in the first to third year of 
apprenticeship with an age range of 25 to 40 years. In order to measure the usability, 
sense of presence and expectations of the learners I used the guided questions of 
Pedroli et al. (2018):  

Furthermore, I used Lichtenstein et al. (2015) for measuring engagement and 
motivation in a qualitative way. In order to evaluate the effectiveness of the interactive 
360-degree image in a comparison to a traditional LMS, I used the qualitative 
questions of Çöltekin et al. (2009). To check whether learners have understood the 
purpose of these tools, I used the questions of Djenno et al. (2014). All guided 
questions can be found in the appendix. For analyzing the qualitative semi-structured 
interviews, I followed the qualitative content analysis of Mayring (2014b). Therefore, I 
transcribed the recorded interviews by using a selective protocol following the same 
procedure as with the learning service providers. This means that I only took out the 
relevant parts, which are useful to answer our research question.  

In the next step, I set the goal and direction of the analysis by selecting statements 
about the utilization, learnings, expectations with regard to estimating the emotional, 
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cognitive and motivational background (Mayring 2014b). Based on this, I divided the 
relevant parts into segments in order to prepare the unit of analysis. Regarding the 
inter-coder reliability, one author coded all interviews by creating an excel document 
with the relevant parts. Two other authors independently matched the selected 
segments with the video recordings. The following Table 17 summarizes learners’ 
demographics and intake time. 

Workshop # Learner Age Sex Duration (min) 
1 L1 40 m 23:29 

L2 33 m 17:04 
L3 34 m 16:27 
L4 28 f 11:38 
L5 25 m 12:23 
L6 27 m 11:04 
L7 56 f 09:06 
L8 37 m 10:06 

2 L3 / L9 34 / 25 m / m 21:30 
L1 40 m 20:51 
L6 27 m 09:27 

L4 / L7 28 / 56 f / f 08:09 
3 L3 34 m 12:47 

L4 28 f 10:42 
L2 33 m 10:05 

Table 17: Semi-Structured Interviews – Learners. 
Source: Own table 

Concept Mapping 

Concept Maps (Novak 2010) are drafted by the learners before and after interacting 
with the learning environment to gain insight into the cognitive learning progress in 
work-process-oriented knowledge acquisition. Following Ruiz-Primo and Shavelson 
(1996) design implications for Concept Map Assessments, I do not provide structural 
or propositional information with regards to the learning content. Paper-and-pencil is 
chosen as the mode of response. By applying a holistic scoring rubric by Besterfield-
Sacre et al. (2004), I evaluate the Concept Maps focusing on three distinct map 
attributes: Comprehensiveness to describe breadth and completeness of the expressed 
knowledge, Organization as an indicator for systematization efforts and Correctness 
as a degree of conformity with facts, known truth and logic. For each attribute, three 
different performance levels (1 to 3 Points) with their respective criteria for qualitative 
coding distinguish the maps’ quality (Besterfield-Sacre et al. 2004). Coding is carried 
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out with MAXQDA, a software for qualitative data analysis, with the attributes as 
upper categories and the performance levels as sub-categories. Eventually, points 
scored are aggregated for each map (3 to 9 Points) and within the two elicitation 
phases to contrast the learning progress before and after interaction with the learning 
environment. Two of the authors of this study acted as raters after establishing the 
coding consensus.  

7.3.4 Results 

7.3.4.1 Requirements Engineering and Development Process of the interactive 
360-degree learning environment  

Based on the results of the literature review as well as the interviews, I developed a 
framework to support the creation process of interactive 360-degree images. To 
structure our findings, I follow the suggestions by Gupta and Bostrom (2009) and 
Huynh and Nguyen (2019), by examine the learning process from three different 
perspectives, i.e., input (structure), process and output and extend it by using 
interaction theory in the learning process. The framework consists of the following 
three phases: phase 1 is the input, phase 2 deals with the process, and phase 3 with the 
output of the learning process. Moreover, to structure the suggestions for the design of 
the learning process (phase 2), I am using interaction theory to give clear insights for 
the enhancement of the three types of interactions. 

For the iterative development of the interactive 360-degree environment, I focused in 
this paragraph on the design considerations of the information technology. A detailed 
description about the structure of the three phases as well as all requirements for the 
interactive 360-degree learning environment can be found in the appendix (see 
Appendix C.4). 

Considering the three types of interaction of El Kabtane et al. (2020), I changed the 
object status by using different shapes and background colors of our buttons. For 
triggering of an animation, I placed a button, which added or removed an impulse on 
all buttons (blob function). In order with the appearance of new objects, the learning 
content is placed in modules, which appear after clicking the associated button.  

For creating a uniform style (Schweitzer et al. 2011), I developed the interactive 360-
degree learning environment highly interactive by offering a clickable and exploring 
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environment with parametric changes (scenes, buttons, colors, information) in real 
time. It was also possible for the learners to stop or reverse an operation by clicking 
the same button again (e.g., the animation button). I focused on the single graphic 
concept by integrating graphical information in HTML modals. All elements and 
interactions are based on familiar everyday elements such as color combinations, 
numbers, and intuitive handling such as pressing, swiping, etc. for an easy and fast 
learning. Learners had the decision to start directly or to read help information first. 

Using the design considerations for virtual labs (Stahre Wästberg et al. 2019), I 
formulated our vision “Building interactive 360-degree images in the training and 
learning process” in order to be clear about the purpose and context of use. I 
implemented a description about what can be interacted with for learners with less 
experience in media consume. In the beginning, I determined that our virtual lab is a 
realistic 360-degree learning environment for optimizing the training and working 
process. For avoid using technology for its own sake, I created a simple design by 
using regular colors, shapes, etc. and focused on the linkage of learning content. In 
addition, I adjusted the degree of realism by implementing panoramic and spherical 
images of real working environments. I increased the learning outcome by continually 
improving the existing setting within three workshop settings. 

Following Naz et al. (2018) for setting the learning application goals, I provided an 
internet-dependent and independent application for smartphones, tablets and 
computers. The applications design was responsive, and constantly customized. The 
learning content was organized by individual steps and based on a knowledge 
database. 

Using the design principles for effective teaching material (Kose et al. 2013), I used 
suitable easy-to-use colors for a comfortable handling. The control buttons are based 
on typical visual controls of 360-degree viewers with zooming, rotating and full screen 
functionality. While I provide familiar colors and handling functions (e.g., traffic light 
buttons) to guarantee learners an easy start, I also enabled learners to create their own 
learning process by providing different features within the interactive 360-degree 
learning environment such as the travel function. To improve the learning experience, 
I placed visual (e.g., images of the security advices), auditory (e.g., background sound 
of the machine) and directive elements (e.g., hotspot information). 
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For creating interactions of immersive virtual reality learning environments, Taçgın 
(2020) summarized nine recommendations, which I used for creating our own 360-
degree learning environment. I implemented transparent menu (control) items as well 
as the possibility for selecting different learning scenarios via the menu (travel 
function). I set a progress bar in form of selectable learning scenarios within the travel 
function. I did not use a timer because I focused on the learning content and the 
learners should not be overwhelmed.  In addition, during the intervention, learners 
were free to structure the flow of the task and to explore the 360° learning 
environment independently. While I implemented buttons with different interaction 
tools (e.g., information popup or opening a modal), I also created a linear sequence of 
tasks to convey sequential process information by using unique step numbers starting 
with one.  

For implementing the example application instruction, an expert created the learning 
material as an activity before the first workshop. Since learners should focus on the 
content, I did not implement the combination of head movement and duration of a 
focused hotspot. Instead, I combined clicking on a hotspot with the duration by 
showing detailed information about the hotspot. The learners had the possibility to 
evaluate the existing learning material independently via the evaluation button. 

Using the screen design elements of Burset et al. (2016), I took the graphic aspects 
into account as well by adapting the shape, color and size, resolution and significance 
to the feedback and needs of the learners within the three workshops. This also applied 
to the typography with a focus on style, color, size and readability as well as position 
and proportion and the elements of action (recognition, visual effects, sound effects). 

Since the learners may also include retrainees, I followed Xie et al.'s (2011) senior-
friendly design by prominently placing the control bar in the middle of the screen and 
using a text-symbol combination (buttons with mouse-hover text). No new windows 
were used and learners had the opportunity to switch features and helping information 
on and off. I formulated clear instructions for using the different features and 
decelerated the functions and features with a clear text. I avoid additional interactive 
elements that require expert knowledge by using only simple and self-explanatory 
buttons and features.  
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Table 18 summarizes the design recommendations for developing interactive 360-
degree environments in the training and learning process. 

Phase Topic Content Source 
Input Learning 

Context 
• Setting the learning goals for learners to gain an 
understanding of motives for learning and curiosity 
by implementing  

Pérez et al. 2018 

• Checking and using criteria of effectiveness of 
virtual apps on learners  

Kerimbayev et al. 2019 

• Providing metadata elements for optimizing 
search and tracking  

Pal et al. 2019 

Information 
Technology 

• Considering the three types of interaction  
    

El Kabtane et al. 2020 

• Creating a uniform style  
 

Schweitzer et al. 2011 

• Using the design considerations for virtual labs  
 

Stahre Wästberg et al. 
2019 

• Setting the learning application goals  
  

Naz et al. 2018 

• Using design principles for effective teaching 
material  
 

Kose et al. 2013 

• Creating interactions of immersive virtual reality 
learning environment  
 

Taçgın 2020 

• Using the screen design elements  
  

Burset et al. 2016 

• Creating a senior-friendly design  
  

Xie et al. 2011 

Team • Creating a collaborative and goal-oriented 
learning environment  
 

Huynh and Nguyen 
2019 

Process Appropriation 
Support 

• Providing feedback from a pedagogical 
perspective  

Gerber et al. 2019;  
Kose et al. 2013 

Individual 
Aptitude 

• Using learner characteristics and adapting the 
learning environment accordingly  

Mokmin and Masood 
2017 

• Following the recommendations for teachers in 
order to facilitate a constructivist learning 
environment  

 

Tatli and Ayas 2012 

Output Learning 
Outcomes /  
Learning 

Assessment 
 

• Getting satisfaction by most authentic 
environment  
 

Virtanen et al. 2017 

• Getting engagement by measurable student 
actions in the virtual environment  

Diez et al. 2016 

• Getting motivation by core elements of 3D virtual 
environments  

Fokides and Atsikpasi 
2018 

• Aiming real scenarios  Sitbon et al. 2020a 

Table 18: The framework for developing interactive 360-degree environments in the 
learning process. 
Source: Own table 
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Iterative development and evaluation process 

The following example takes up the iterative development and evaluation process of 
the 360-degree virtual learning environment based on the (fast) travel function.  

In the first version, the 360-degree learning environment created on the framework 
offered learners the possibility to explore the environment independently by clicking 
on a button with a preview image to get to the next scene.  

During the evaluation, learners reported that they were familiar with the environment 
and that it was tedious clicking always to the respective location. In addition, they 
would not know in which direction the scene change would take place, even though 
the button was placed there accordingly. Furthermore, the buttons are quite small. For 
this reason, the buttons for the second iteration were adapted in design by making 
them larger, with a highlighting white background and an animation function (round 
impulse) as well as an arrow symbol instead of a preview image. In addition, the quick 
travel function was implemented, which takes learners directly to the desired location 
via an image slider.  

During the second evaluation, learners also wanted to use the fast travel function via 
the navigation bar so that they did not always have to leave the full screen mode. 
Therefore, I implemented a button in the navigation bar. The direct selection of the 
scene via the slider was criticized, which is why a travel function button was added to 
activate it. I added a new design for the explanation texts (blue with white 
background) of the individual scenes. Furthermore, the number of scene images was 
reduced from 7 to 5 because the learners reported back that they would like to be 
placed either in front of the hall entrance or directly in front of the unit. By talking to 
the learners about the design of the buttons, they suggest to use traffic light colors 
(green, yellow and red) for classifying the content. Thus, the color of the motion 
button was also adapted (blue).  

In the last and third evaluation, the loading time was criticized as well as the lack of 
automatic closing of the modal after selecting the fast travel function. Both were 
subsequently fixed by reloading the viewer and implementing a function for closing 
the modal automatically. The evaluation for iterative adaptation is based on a semi-
structured interview, a usability test using the think-aloud method, and the continuous 
recordings made in the background by using a tracking tool. Figure 42 contains the 
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example of the iterative development and the evaluation results based on the travel 
function. 

 
Figure 42:  Example of the iterative development and evaluation results based on the travel 

function. 
Source: Own figure 

Technical architecture of the 360-degree environment 

The technical architecture of the 360-degree learning environment uses an existing 
panorama viewer for the web (Pannellum14) so that the 360-degree images created by 
the GoPro Max15 can be displayed. The customization is done with the HTML5 
markup language, CSS stylesheet language and JavaScript scripting language by using 
the developer environment WebStorm by JetBrains16. For a local instance, Pannellum 
requires a server application. All tracking records were made using Matomo17 as a 
cloud and local instance version. An overview of the set-up process of the 360-degree 
interactive environment with the technical architecture is summarized in Figure 43. 

 
14 https://pannellum.org/ 
15 https://gopro.com/ 
16 https://www.jetbrains.com/webstorm/ 
17 https://matomo.org/ 

Iteration 1 Iteration 2 Iteration 3

Evaluation resultsEvaluation results Evaluation results

❖ New button design (bigger size, white 
background)

❖ Direction buttons with arrow
❖ Animation of buttons (round impulse)
❖ Adding ‘Fast Travel’ as a separate 

function. Changing the image in the slider 
directly activate next scene

❖ New colors for buttons → traffic light (green = 
steps, yellow = information, red = warning) and 
blue = direction

❖ Mouse-Hover shows next scene as image
❖ Integrate the ‘Fast Travel’ in the navbar
❖ Adding travel button for activate next scene
❖ Less fast tour scenes (5 instead of 7)
❖ New design for ‘Fast Travel’ (white background 

and blue text for travel location)

❖ Reducing loading time for next scenes by 
reloading the viewer

❖ Closing ‘Fast Travel’ modal automatically 
after choosing next scene

Separate Exploration Travel
and Fast Travel

Combined Exploration Travel 
and Fast TravelExploration Travel
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Figure 43:  Set-up process and technical architecture of the 360-degree environment. 

Source: Own figure 

7.3.4.2 Evaluation results  

Observation and Video Analysis  

The observation and video analysis has taken place over all three iterations of the 
system. A total of 15 observations were conducted during the learners’ work 
performance and their behavior at the machine was evaluated according to the three 
criteria (errors, difficulties, other anomalies).   

The first iteration was mainly for getting acquainted with the system, as well as the 
working process. Since the learners were not familiar with the system, the training 
manager was asked for advice more often than average (compared to iteration 2 and 
3). In the context of the first iteration, the learners show quite different learning tactics. 
Some of the learners have intensively studied the developed learning environment and 
its contents in the run-up to the task (L1). Another part of the learners used the 
learning platform in parallel to the work process and only read through the relevant 
passages that are important for the step (L2).  

Over the three iterations, it became apparent that the learner (L2) that read through the 
learning tasks in the run-up was able to solve the tasks in the work process in a better 
and more structured way than the group that dealt with the system and the work 

Setting up 
Server Instance

Using Source-
Code of Viewer

By using a programming environment 
(e.g. Webstorms of JetBrains)

Adapting and 
extending 

Source-Code

Monitoring the 
environment
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5

PannellumGoPro Max HTML, JS, CSS
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process in parallel at the beginning. This could also be due to the individual, 
intellectual grasp of the learners. Compared to the other learners, L2 made more 
mistakes and had more problems remembering the procedures in the work process.  

The learners did not show any abnormalities or noteworthy problems in handling the 
system during the observation. Due to the changes to the platform over the three 
iteration steps, there was a certain degree of novelty in the use of the platform 
throughout, so that the learners had to get used to using the system again in some 
cases. In particular, it can be noted positively that a quick familiarization could be 
observed due to the situational presentation of the learning environment through the 
360-degree images.  

During the second iteration, it was found that all learners became increasingly 
accustomed to the work process sequence. In some cases, problems and errors could 
be identified in the handling of the 3D printer. However, these problems are not related 
to the 360-degree learning environment, but to the learning materials that were used. 
For example, two learners complained about the quality of the learning materials 
developed, in particular that the quality of the images used was too low. 

Usability Testing and Semi-Structured Interviews  

In the first workshop eight learners conducted the usability testing and the semi-
structured interviews. During the usability test, the learners particularly emphasized 
the ease of use and comprehensibility (L4, L5, L6, L7). While L3 noted "It's easy to 
get there because I know where the 3D printer is. But for someone who doesn't know, 
they would have to ask at the reception where the printer is.", L2 suggests "But until 
you get to the printer, it takes too long. In advance, I know where the printer is. I 
would start outside the door.". Based on the last statement, a fast travel function was 
established for the second iteration. The learners noted the positive design of the user 
interface (L2, L7). L1 made many suggestions for improvement like using a small 
arrow to indicate the direction, animation on all arrows, enlarging all arrows but L1 
also mentioned that the "software has 70-80% it still lacks fine tuning.". While some 
learners did not understand the symbol "i" in the button (L1) or had problems with the 
selection of the "i" button (L3), other learners highlighted this function in particular 
(L4). For the micro learnings, the learners find them clear (L2, L6, L7, L8), well 
described (L5) and formulated in an understandable way (L8). To validate this 
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statement, I provided a web-based solution where learners were able to design their 
own learning environment with linking existing micro learnings and creating own 
content. In doing so, L2, L3, L5 and L6 reported back that they don’t want to do this 
and that they would like to continue using the existing learning environment. L6 said 
"The existing material was sufficient". L3 emphasized "I would use the existing 
system also for exams. But I don't want to reinvent the wheel." However, L2 added 
that he would add his own content for the exam, so that he can arrange it the way it is 
most practical for him.  

Following the guiding questions of the semi-structured interview, I asked about the 
effectiveness, efficiency and satisfaction of the interactive 360-degree learning 
environment. The learners' responses were quite varied.  

Table 19 summarizes the learners' statements according to the guiding questions of the 
first part (see Table 31). 

Topic Statements Learner 
Utilization I had problems with text, English terms or software L1 - L5, L7 

I had no problems L6, L8 
I had difficulties in operation (only with the software of the 3D printer) L7 
I had technical problems (missing information in the micro-learnings) L2, L6 

Learning I had to ask for help because of text, English terms or understanding 
the content 

L1, L3, L4 - L8 

I did not have to ask for help L2 
It did not take long to understand the 360-degree environment and the 

3D printer 
L1 - L8 

The exercise was not complicated L1 - L8 
Pleasantness I like the 360-degree environment (new experience / 1:1 copy of the 

real setting) 
L1 - L8 

The environment was uncomfortable (without the fast travel / help 
information) 

L2, L3 

No difficulties with the operation L1 - L8 
Spatial presence Feel to be a part of the environment L1 - L8 

Feel to have the control over it L1 - L8 
Engagement I was happy that the exercise was over (because I was afraid doing s.th. 

wrong) 
L3, L4, L6, L7 

The duration of the exercise could be longer L5, L8 
The duration of the exercise was good L1 - L4, L6 

The duration of the exercise could be shorter L7 
I did not get distracted during the exercise L1 - L8 

Realism I find the 360-degree environment realistic L1 - L8 
Expectations I would like to use the 360-degree environment for training L1 - L8 

I think it could be useful for other areas L1 - L8 
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Engagement I was engaged because I was interested or happy L1 - L5, L7, L8 
I was engaged but I was afraid L6 

The 360-degree environment affected my engagement L1, L2, L5, L6, 
L8 

The 360-degree environment did not affect my engagement L3, L4, L7 
Motivation I was motivated because it was new for me L1 - L8 

I was motivated because of the technic L1, L3, L5, L6 
Creativity I had new ideas during the task L1, L2, L4, L6 

I did not have new ideas during the task L3, L5, L7, L8 
Convincement I would recommend the 360-degree environment in terms of 

functionality and feasibility 
L1 - L8 

Table 19: Statements of the learners according to the guiding questions – Part I. 
Source: Own table 

In the second workshop six learners conducted the usability testing including a rating 
of functionalities. During the usability test, only four sessions were recorded because 
two sessions were composed of a novice and a learner from the previous workshop. 
The novice should watch the expert during the observation phase and then take over 
the main role in the interview to reflect the impression on the learning environment 
with support. 

In this context, I have explicitly considered the following most-reported issues from 
the first workshop: fast travel function, animation function as well as the design and 
functionality of the buttons. 

In session one, L3 and L9 mentioned that the fast travel function would work well. 
When changing scenes, neither of them was overloaded, and they could find their way 
around directly. While for novices the travel function would be interesting, experts 
prefer the fast travel function. The information about the travel points is very small on 
the tablet. There were problems because the scene was not reloaded quickly enough. 
The image scene would be loaded directly via the slider, but maybe you don't want to 
travel there yet and just check the location information. In session two, L1 added that 
it was exciting to discover something and wonder what would appear next. He was 
also not overwhelmed by the scene change. L6 said that the scene change is faster, but 
he would go down the hall even if he knew it. In the last session with L4 and L7, the 
function was seen as helpful and the functionality understandable, but they would also 
walk down the aisle. Overall, learners were happy about the feature and were able to 
provide helpful feedback for optimization. 
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For the animation function, both L3 and L9 did not pay attention. L1 found it helpful 
and said the button would call "press me". L1 did not discover the shutdown function, 
he said after the hint that the function exists: "The function is there, better than if it 
were not there”. L6 said that the animation function does not have to be there. L4 and 
L7 find the function helpful because they directly knew where to press on the image. 
They both compared it to the turn signal lamps in the car.  Since there were no 
negative comments and the positive comments perceived the function as a support, the 
function can be considered as helpful. 

Regarding the design and functionality of the buttons, L3 and L9 found the additional 
information to be helpful. The safety-first information was important - "Better to have 
than to need". The numbering of the steps was understandable and that an arrow would 
indicate the direction was much better. In contrast to the expert, the novice understood 
the existing background noise function so that he knew whether the printer was 
working. The expert said he didn't need the function, but it might be helpful at home if 
he had never heard the machine before. L1 said that the operation was much better 
than in the first workshop. Everything was better displayed and not so cold. The image 
reload as a preview of the next scene is practical. He found it difficult with the noise 
function, here it could lead to confusion. The safety info is good; it saves the way 
going there. L6 mentioned that the warning hint is not wrong, but you don't really need 
it. He would call the expert directly. L6 suggested making the warning notice button 
red, the additional info yellow, and the steps green, like a traffic light. The sound L6 
felt would be helpful, then you would know how the machine starts up. At home he 
would use something like that. L4 and L7 find the buttons with the numbers 
understandable, as well as the "i" for information. Like L6, they also suggested 
coloring the warning red, the information yellow and the steps green. Both said that 
the sound was helpful the first time they used it. 

Overall, it shows that the design of the buttons plays a very crucial role and especially 
the proposed color scheme represents something novel.  

Based on Osman et al.'s (2009) usability criteria, most criteria were rated 3 or 4 as 
very good (see Table 20). Significant differences were only found in the speed of the 
scene movement and the background sound, both were rated down. 

Usability Criteria L3 / L9 L1 L6 L4 / L7 



 

208 
 

Speed of scene movement 2 4 2 4 
Navigation 4 4 3 4 

Background sound 1 2 3 4 
Terminologies 3 3 4 4 

Quality of scenes / images 4 4 3 4 
Text / Voice description 4 3 4 4 

Attractiveness 4 3 3 4 

Table 20: Usability criteria. 
Source: Own table 

In the third workshop three learners conducted the semi-structured interviews (see 
Table 31). Since the platform for creating contributions was not the focus of the 
research, only the questions about learning, engagement, motivation, creativity, and 
convincement were asked in the first part of the interview. These serve as a basis for a 
later comparison of the two applications (360-degree learning environment and LMS). 
The final evaluation section focused on the micro-learnings (see Table 32). All 
statements of the learners according to the guiding questions can be found in Table 21. 

Topic Statement Learner 
Learning I had to ask for help because of text or content L3, L4 

I did not have to ask for help L2 
It did not take long to understand the platform L2 - L4 

The exercise was complicated L4 
The exercise was not complicated L2, L3 

Engagement I was engaged because I was interested L2, L3 
I was engaged but I did not understand it first L4 

The platform affected my engagement negatively L2 - L4 
Motivation I was motivated because of the technic L2 - L4 
Creativity I did not have new ideas during the task L2 - L4 

Convincement I would recommend the platform in terms of functionality and 
feasibility 

L2 - L4 

LMS vs. 360- degree I would use the platform – “I don't need the 360-degree 
application because I know where to go” 

L3 

I would use the 360-degree environment – “A young child also 
knows how to use 1, 2, 3. The colors are also clear and familiar.” 

L4 

I would use as an expert the platform and as a novice the 360-
degree environment 

L2 

I would recommend both – the platform and the 360-degree 
environment 

L3 

I would improve the server and process speed L2, L3 
I would improve the terms L4 

Validation Leaners explained the purpose correct L2 - L4 
I would prefer the platform L2, L3 

I would prefer the 360-degree environment L4 
The platform has the best results L3 
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Both are equal with the results L2, L4 
The 360-degree environment was easier to use L4 

Both are equal with the usage L2 
I would use the platform again L2, L3 

I would use the 360-degree environment again L4 
I would choose the platform L2, L3 

I would choose the 360-degree environment L4 
Microlearnings I would place the new content on step 2 as it is given L2 - L4 

The teacher or someone with experience should create the 
content or I create the content for my purpose, but it should be 

proofed 

L2 - L4 

I would like to link the content L2, L4 
I do not know, but one person should do everything L3 

Table 21: Statements of the learners according to the guiding questions – Part I (Selection) 
and Part II. 
Source: Own table 

Finally, L3 emphasized "It is helpful that the help menu has been rebuilt and you can 
grasp the individual descriptions for operation in a comprehensible way. The colors 
are good and the pulsing fits very well. I like it very much". 

Concept Mapping  

A total of ten Concept Maps of five learners were analyzed using the holistic scoring 
rubric. After working with the 360-degree learning environment, most learners’ 
Concept Maps show little change regarding performance levels in one or more 
knowledge attributes. The following Table 22 summarizes the scores achieved before 
and after the learning phase. 

Holistic Scoring  L1 L2 L3 L4 L5 
Comprehensiveness Pre 1 1 2 1 1 

 Post 1 1 2 3 1 
Organization Pre 1 2 1 1 1 

 Post 1 2 1 2 1 
Correctness Pre 1 1 1 1 1 

 Post 2 2 1 3 1 
Aggregated Pre 3 4 4 3 3 

 Post 4 5 4 8 3 

Table 22: Concept map – achieved holistic scoring. 
Source: Own table 

Comprehensiveness 

Three learners (L1, L2, L5) have shown minimal coverage of the work-process in their 
Concept Maps in both instances of knowledge elicitation. They did not profit from the 
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learning phase in their effort to show a broader understanding of the subject matter. 
The concepts remain abstract with limited relevance for process execution. One of the 
remaining learners (L4), has greatly improved, adding several key concepts necessary 
to properly interact with both the computer as well as the 3D-Printer. 

Organization 

Regarding the maps’ organization of knowledge, only one learner (L4) performed 
better after the intervention. From a primarily linear organization of concepts, the 
interconnectedness of different hierarchies (branches) of work-process-oriented 
relevant knowledge was highlighted in the second knowledge elicitation phase. In case 
of L5, the concept map shows even less interconnectedness, focusing on a linear 
documentation of process steps. 

Correctness 

Three learners (L1, L2, L5) show increased mapping performance regarding the 
correctness attribute of concept maps. Previously naïve representations with 
inaccuracies and misconceptions about the work-process are revised. In some cases, 
spelling and grammatical errors are addressed. Like with the two other attributes, L4’s 
performance improved significantly, now properly addressing supervision and 
finalization of the 3D printers’ start-up. 

Aggregated 

The aggregated scores for each participant but L4 show little improvement in concept 
mapping performance. While the participants comply with general rules of the method, 
documenting their knowledge in as much detail as possible is not done to such an 
extent that changes made to the maps would be attributed to a higher performance 
level.  

Figure 44 shows the individual evaluation steps during the three iterations and Figure 
45 shows the final 360-degree interactive environment. 
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Figure 44:  The three evaluation steps during the three iterations. 

Source: Own figure 

 
Figure 45:  The final interactive 360-degree environment after three iterations. 

Source: Own figure 

7.3.5 Discussion and Limitations 
In this paper, I were able to show that inexperienced learners exhibit higher motivation 
and performance in the learning process when interacting in 360-degree learning 
environments than in usual LMSs. The developed 360-degree interactive environment 
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can be described as semi-immersive, as it shows a realistic environment and all 
learners reported that they saw themselves as part of the environment while interacting 
with it. The subsequent process of designing and implementing the interactive 360-
degree environment in the learning process is based on interaction theory. I found out 
that improving the interaction especially regarding the individual content of learners 
(Martin and Bolliger 2018) serves as a basis for the learning process by using 
interactive 360-degree images for a realistic setting. Finally, our framework indicates 
that the factors motivation, satisfaction, and engagement in combination with the 
usage of interactive 360-degree images as output show whether active participation 
has had an effect on the learning outcomes (Gupta and Bostrom 2009), which were 
defined at the beginning of the entire learning process. 
 
Thus, I have combined the existing interaction theory (Moore 1989) with the input-
process-output model (Gupta and Bostrom 2009) for the creation of interactive 360-
degree images. The framework with its recommendations can be used simultaneously 
by learning service providers. 
 
Following the interaction theory, I especially analyzed the Learner-Content 
interaction. Here it could be determined by observation that the learners approached 
the task quite differently and thus had different learning tactics. While some 
intensively read the micro learnings and went through the process step-by-step (L1), 
others directly acquired only the most important steps and performed them at once 
(L2). 
 
For the Learner-Learner interaction, in the second workshop novices accompanied 
learners from the first workshop. The results showed that the interaction among novice 
had a positive impact on feasibility. The novice knew directly where to pay attention 
during the first interaction with the 360-degree environment, unlike the learners from 
the first workshop. At the same time, however, it became apparent that the Learner-
Learner interaction was not conducive to creativity. For example, L9 wanted to 
explore the environment first while L3 pointed him directly to where he could get to 
the goal the fastest. Although most of the learners did not have any creative ideas 
while working on the exercise because they had to concentrate on the task, during the 
usability test and the interview, especially L1 and L6 gave important design tips that 
also inspired the other learners. For example, L1 gave hints on the design of the 
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direction button and L6 the hint of the traffic light system, which is an enormous 
enrichment especially for work-process-oriented learning environment with different 
kind of micro learnings. 
 
To represent the Learner-Teacher interaction, I had the instructor create the micro 
learnings at the beginning. While working on the task, the instructor was optionally 
available. The results for the creation of the learning materials showed that the learners 
consider the teacher to be particularly important, but that they would trust themselves 
to create the learning materials independently. At the same time, for some learners 
(L6), the teacher serves as a direct contact person in case of risky concerns. 
The results show that all learners were positive about the 360-degree interactive work 
process-oriented environment. Thus, the simple and clear usability as well as beautiful 
and discreet user interface was praised. All learners were also impressed by the 
simultaneous simplicity and detail of the micro learnings. Following the questions of 
Pedroli et al. (2018), the effectiveness, efficiency, and satisfaction of the 360-degree 
interactive environment can be verified. In terms of usability, the majority of learners 
showed no signs of weakness; there were only minor technical problems that can be 
rated as not significant. Finally, the interactive 360-degree learning environment can 
be described as effective because the learners were able to achieve their task or goal 
(Pedroli et al. 2018). Except for some initial difficulty with inexperienced learners, 
most did not need help and did not find the task too complex. The analysis of the 
concept maps also showed that most learners improved in their performance. 
Especially L4 showed a significant increase in performance while experienced ones 
like L3 had no significant improvements. Overall, the efficiency of the interactive 360-
degree learning environment can be demonstrated (Pedroli et al. 2018). All 
participants reported back that they liked the interactive 360-degree environment very 
much and had no difficulties with the operation. Two learners reported back 
uncomfortable parts of the 360-degree environment, which were fixed during the 
iteration and subsequently described by the reviewers as particularly comfortable 
without being asked. Satisfaction with the 360-degree environment can be inferred 
from learner satisfaction with interaction in the 360-degree environment (Pedroli et al. 
2018). Overall, it can be stated that virtual 360-degree learning environments are an 
enrichment for the teaching and learning process, especially for inexperienced 
learners, like L4 stated during the evaluation "I would rather use the 360-degree 
environment because the steps are clearly shown. A young child also knows how to 
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use 1, 2, 3. The colors are also clear and familiar." The results show that the learners 
are consistently engaged and motivated to use the interactive 360-degree environment 
because it is a helpful support. Initially, some were afraid to do something wrong (L6), 
others were happy (L4), interested (L2) or had negative experiences with other 
systems (L1) and appreciated the smooth functionality as motivation (L7). All learners 
would recommend the interactive 360-degree learning environment to their colleagues. 
For example, L2 said, "If I had this learning environment for the exam, it would have 
been much easier." Especially the realistic environment that the learners emphasized 
ensured that the learners could get a better understanding from the machine. As a 
limitation, I point out the slight imbalance between theoretical statements and 
statements from the interview during the creation of the framework. Although five 
interviews were conducted with clear statements. Another limitation during the 
evaluation workshops was the varying presence of learners across the three workshops. 
If the number of learners who started at the beginning had remained constant, even 
more results could have been obtained and a better comparison could have been drawn 
between the novices and experienced learners. 

7.3.6 Conclusion and Future Research 

This paper aims at providing an interactive work-process-oriented 360-degree learning 
environment based on a framework for developing interactive 360-degree 
environments in order to support the learning process as well as learner’s motivation 
and performance. Therefore, I first conducted a state-of-the-art systematic literature 
analysis and practical semi-structured interviews with learning service providers. 
Second, I build the framework with design recommendations and build an own 
interactive 360-degree learning environment on it. The development of the 360-degree 
interactive environment took place in three iterations, each with three evaluation 
workshops. The motivation and performance of a total of nine learners was analyzed 
during 15 observations, usability tests and semi-structured interviews.  
 
I contribute to interaction theory by showing how interactions in virtual learning 
environments can be supported so that the learning process is enhanced.  
 
Furthermore, I contribute to the Learner-Content interaction by linking structured 
micro learnings with clear, work-process-oriented guidance in order to support and 
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increase the performance as well as knowledge of the individual learners. Reflective 
learning across the three workshops was ensured through the learners' motivation with 
the operation of the 360-degree environment as an external stimulus (Fessl et al. 
2017). Especially the use of the traffic light as a familiar symbol or the use of simple 
numbers were perceived as helpful by the learners both during the use of the 3D 
printer (reflection-in-action) and analyzed independently in the usability test and the 
interviews (reflection-on-action) (Fessl et al. 2017). I also could determine that a 
novice's free decision-making and creativity is constrained by an expert's instructions 
for action.  
 
As a practical contribution, I present a usable design framework for learning service 
providers in order to create interactive 360-degree learning environments, which 
support the learning process by increasing learners’ motivation and performance. 
Furthermore, I provide a practical contribution by giving learners the opportunity to 
interact virtually with their working environment for the first time.  
 
This paper clearly shows that interactive work-process-oriented 360-degree learning 
environments significantly enhance the learning process, especially for inexperienced 
and low-performing learners. This also presents the possibility of using the 360-degree 
learning environment for other industry and learning areas. Further research can also 
focus on the impact of audio and video materials within the 360-degree learning 
environment. Overall, green light can be given for interactive 360-degree learning 
environments in work-process-oriented areas. 
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8 Measuring Service Quality18 

This section is about a systematic literature review on measuring service quality. 

 
  

 
18 This section is based on Hartwig, K.; Billert, M. S. (2018): Measuring Service Quality: A 
Systematic Literature Review. European Conference on Information Systems (ECIS). Portsmouth, 
UK. 
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8.1 Introduction 
In the last decades, several sectors shifted from production to services as global 
markets and information technology (IT) increase the competitive pressure on 
companies respectively industries (Seth et al. 2005; Metters 2010). Production 
industries like automotive offer product-related services to make their products more 
attractive or to develop new business models like carsharing (Firnkorn and Shaheen 
2016). Moreover, the growing use of the internet challenged the business models of 
traditional service industries like retail or banking and led to a further shift from 
traditional to digital services (Zott et al. 2011). Service quality and especially its 
measurement gains growing importance for practitioners as well as for researchers. 
Research on service quality also shifted from traditional services to digital services. 
For this reason, measurement of service quality is an important research field in In-
formation Systems (IS) as well as in other disciplines like Marketing or Management. 
Measurement models have been developed in times where service delivery was 
characterized by physical contact between service provider and customer (e.g. 
SERVQUAL by Parasuraman et al. (1988)). Hence, high service quality was 
depending on factors like the behaviour of employees or the interior of the service 
encounter where the service was delivered (Zeithaml et al. 2002). The service 
encounter is described as the time of direct interaction between the customer and the 
service provider whereby the service provider can be both, a person or a system 
(Glushko 2010; Salvendy and Karwowski 2009). In the last two decades, service 
delivery shifted from physical interaction between service provider and customer to 
digital interaction in form of websites or portals as the mediator between service 
provider and customer. As traditional services are provided during a human-to-human 
interaction and the quality depends on physical and behavioural attributes, digital 
services are provided during human-to-technology interactions and attributes of the 
technology become the relevant factor of the service quality. As service quality 
depends on characteristics of the service provision and therefore on the way of 
providing the service, a transformation in the way of service provision in turn changes 
the characteristics of service quality. This digital transformation of the service 
provision leads to changing requirements for the service provider to guarantee high 
service quality as well as for the service quality measurement models to measure the 
quality. The dimensions and underlaying factors that describe the quality of services 
had to be adapted to the digital transformation. Several new models and scales have 
been developed with respect to digital interaction in different research areas (Ladhari 
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2010). Literature reviews on these models and scales mostly focus on research 
methods for developing a model or on similarities and differences of the model 
structure like the number of dimensions or the relating attributes that are relevant for 
service quality (e.g. Ladhari (2010)). This article extends the literature of IS service 
quality measurement in two different ways. One the one hand, the plurality of 
measurement models is structured regarding their goals to carve out differences on the 
model level and not on dimension or model structure level. On the other hand, results 
are discussed on the basis of the service typology developed by Jaakkola et al. (2017) 
to emphasize additional differences. Jaakkola et al. (2017) provided a service typology 
matrix where services were clustered regarding their technological complexity and 
their contact intensity (Jaakkola et al. 2017). This 4x4 matrix illustrates the differences 
of services regarding the extent of physical interaction and usage of IT. The aim of this 
study is:  
 

• Reviewing and categorizing the literature about service quality measurement 
models and providing an overview, which models are especially developed 
respectively used for different service forms.  

• Discussing the models on the basis of the service type matrix of Jaakkola et al. 
(2017).  

• Point out gaps for further research.  

 
To introduce the topic and motivate the research questions, some background 
information about service forms and service quality measurement is provided in 
chapter two. This is followed by the methodological approach in the third chapter and 
the presentation of the results in the fourth chapter. Assigning the results to the service 
typology and the present literature, the discussion follows in chapter five before this 
study closes with a conclusion and further research. The following study focuses 
service quality measurement models and therefore will not provide a holistic overview 
about the whole service quality topic. A selected overview about service quality 
measurement models and its development is provided in the context of traditional and 
digital service delivery as well as the introduction to service forms. 
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8.2 Theoretical Background 

8.2.1 Service Forms 

Within the literature, there is no widely accepted definition of services. However, 
services aim for the benefit of oneself or others in processes, services and actions and 
can be identified by skills and knowledge (application of competences) (Peters et al. 
2016). Services have many facets but “all rely on providers and customers working 
together for mutual benefit.” (Peters et al. 2016). Services are of growing importance 
for IS research (Peters et al. 2016). Literature on service quality is widely spread into 
several disciplines with a huge amount of subject areas. Several studies were 
conducted regarding service quality whereof different perspectives on service quality 
evolved (Ladhari 2010). The concept of service quality has been first the issue of 
Marketing literature and has further been examined from other perspectives like 
Information Systems (IS) or Psychology in the following years. Mattsson (1992) for 
example modelled service quality from a psychological perspective as a process of 
satisfaction which is based on cognitive processes and thus implies more the 
psychological aspects of perception. Kettinger and Lee (1994) related the concept of 
the information services function (ISF) to the service quality measurement scale 
SERVQUAL to enhance knowledge about user satisfaction. In 1995, Kettinger and 
colleagues introduced a “global information Services Function (ISF) Quality 
Framework” (Kettinger et al. 1995, p. 569) to better evaluate global IS quality. The 
connection of IS and service quality exists also within the service encounter. 

As mentioned above, the service encounter “consists of two actors” (Glushko 2010, p. 
237) whereby the actor can be both, a person or a system (Glushko 2010). Within the 
service encounter, information exchange takes place between the two actors so that 
service quality is perceived during the interaction between service provider and 
customer (Glushko 2010). Glushko (2010) distinguished seven forms of service 
encounters from person-to-person encounters to context-aware services regarding the 
technology intensity within the service encounter. Based on this, the following study 
categorizes the interaction between service provider and service recipient respectively 
the customer into three different service forms, according to the use of IT. Person-to-
person service encounters describe the traditional, physical interaction between an 
employee and the customer without using any kind of IT. In this context, Zeithaml et 
al. (1988, p. 35) defined that service “quality occurs during service delivery, usually in 
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an interaction between the customer and contact personnel of the service firm.” 
According to this, the quality of a traditional service highly depends on the employees 
which are directly in contact with customers as for example their behavior and 
knowledge as well as the physical environment, where the interaction takes place 
(Gremler and Gwinner 2000). According to this, the person-to-person service form is 
characterized by a physical contact between service provider and customer and is 
termed in the following as traditional service form. The opposite of this traditional 
service form is the digital service form. This form is characterized by a digital 
interaction between service provider and customer whereby a web service or portal 
serves as the mediator in the service encounter for the service delivery and solely 
determines service quality. Examples are the “self-services”, “multi-channel services” 
or the “services on Multiple Devices or Platforms” (Glushko 2010, pp. 225, 227, 229). 
The third category comprises services which have a physical as well as a digital 
component during the interaction. This category requires both, IT as well as a physical 
contact for the service delivery. As a result, service quality depends on factors like IT 
functionality and the employee behavior. In the following study, this category is 
termed as hybrid service form as it comprises IT as well as physical contact. In 
summary, there are three different types of service forms termed as traditional, digital 
and hybrid service form (Table 23). As service quality occurs during the interaction of 
service provider and customer, its measurement has to be calculated also at this point. 
The following section gives an introduction to the topic of service quality 
measurement and formulates the research questions. 

 
Service form Description Service quality depends on  
1 traditional Physical contact between service provider and 

customer 
Employee behavior, interior, etc. 

2 digital Digital contact between service provider and 
customer  

The web-service/portal 

3 hybrid Physical and/or digital contact between service 
provider and customer 

Traditional & digital factors 

Table 23: Three different service forms. 
Source: Own table 

8.2.2 Service Quality Measurement 
In the 1980`s and 1990`s, several researchers called attention to the missing 
investigation of service quality. They argued that there is a research gap of describing 
and measuring the quality of services and emphasized a difference between the well-
known quality of goods and the under-investigated service quality (e.g. Parasuraman et 
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al. (1985)). Parasuraman et al. (1988, p. 5) defined service quality as “an elusive 
construct that may be difficult to measure”. Zeithaml et al. (1988) added that the 
quality of services depends on organizational resources which is not be taxable like the 
quality of goods. The quality of goods is measured objectively and understandable 
through different criteria. As mentioned by Parasuraman et al. (1985), which were one 
of the first researchers on service quality measurement, the quality of goods is 
measured as for example the "conformance to requirements." (Crosby 1979) or the 
counting of internal and external failures (Garvin 1983), but is “insufficient to 
understand service quality” (Crosby 1979; Garvin 1983; Parasuraman et al. 1985, p. 
42). The problem to measure the quality of a service lies in its properties: intangibility, 
heterogeneity, and inseparability (Parasuraman et al. 1985). First, service quality is not 
countable and is hard to measure before it is used by the customer (Parasuraman et al. 
1985). Second, service quality can differ regarding the employees or customers which 
sell respectively buy the service (Parasuraman et al. 1985). Third, service quality 
depends on the customer and its assistance (Parasuraman et al. 1985). Parasuraman et 
al. (1985) concluded from their literature review and exploratory investigation that 
service quality results from the difference between the customer expectation and 
customer perception of the service. Customers are satisfied when the expected service 
is equal to the perceived service (Parasuraman et al. 1985). In the delivery of the 
service, several gaps can occur which decrease the perception of the service 
(Parasuraman et al. 1985). Already in 1984, Grönroos has introduced a concept about 
service quality which is based on the idea of a gap model. The idea of the model is that 
service quality can be described as the difference between expected and perceived 
performance of a service (Grönroos 1984). In 1988, Parasuraman et al. (1988) 
developed SERVQUAL to measure service quality. SERVQUAL is still one of the 
mostly adapted and used measurement models of service quality in literature (e.g. 
Barnes and Vidgen (2001)). Several researchers adapted the model to different 
environments like retail (Yoo and Donthu 2001), banking (Dabholkar et al. 1996) or 
telephone service (Bolton and Drew 1991). The basis of SERVQUAL is a gap-model 
which describes the deviation between expected use of a service and experienced use 
of a service as the perceived quality of that service (Parasuraman et al. 1988). On the 
basis of SERVQUAL, research has been conducted on the model, especially on the 
basic assumptions and the four single gaps. This led, one the one hand, to a deeper 
understanding of the service provider dimension like the influence of employee 
behavior or marketing on service quality (Zeithaml et al. 1988; Hartline and Ferrell 
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1996; Parasuraman and Zeithaml 2002). On the other hand, a debate19 emerged in the 
following years between several researchers about the adequacy of SERVQUAL to 
measure service quality (e.g. Parasuraman et al. (1991); Cronin and Taylor (1992); 
Brown et al. (1993); Zeithaml et al. (1993); Teas (1993); Parasuraman (1994)). The 
criticism focused on the “expectations-performance gap as the basis for measuring 
service quality” (Cronin and Taylor 1992, p. 56) and the validity and reliability of the 
five dimensions (van Dyke et al. 1999). Dabholkar et al. (2000) described the debate 
as question “whether service quality should be measured as perceptions or as dis-
confirmation” (Dabholkar et al. 2000, p. 141). Based on this debate, different 
researchers distinguished service quality measurement research into two several 
streams, the Nordic School and the North American School (Brogowicz et al. (1990); 
Brady and Cronin (2001); etc.). Brady and Cronin (2001) described the Nordic School 
as it “defines the dimensions of service quality in global terms as consisting of 
functional and technical quality” (Brady and Cronin 2001, p. 34) and the North 
American School as it “uses terms that describe service encounter characteristics (i.e., 
reliability, responsiveness, empathy, assurances, and tangibles)” (Brady and Cronin 
2001, p. 34). In 2007, Carrillat et al. (2007) made a major step to finish this debate 
with their meta-study about the 17 years of debating whether SERVQUAL or 
SERVPERF is the more adequate model to measure service quality. Their findings 
showed “that both scales are adequate and equally valid predictors” (Carrillat et al. 
2007, p. 485) of overall service quality. 

8.2.3 Service Quality Measurement in IS Research 

The debate regarding SERVQUAL also continued with regard to IS (van Dyke et al. 
(1997); Pitt et al. (1997); Jiang et al. (2002); etc.). With the upcoming internet use, 
service quality measurement was faced with new challenges as customers interact with 
technical machines instead of employees (Parasuraman et al. 2005). van Dyke et al. 
(1997) were one of the first who related the service quality measurement models to 
information systems (IS) as they adapted SERVQUAL to measure the service quality 
of an information service provider (van Dyke et al. 1999). New concepts like e-service 
quality (e-SQ) or IS SERVQUAL emerged (Parasuraman et al. 2005). Kohlmeyer III 
and Blanton (2000) related the two different concepts of the Nordic and North 

 
19 A review of the debate can be found for example in Robinson (1999). 
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American school to the IS context to enhance service quality in IS management. 
Zeithaml et al. (2002) provided definitions and a research agenda for the upcoming 
usage of web sites to deliver service quality in the internet. Their literature review 
about website service quality found that e-service quality “is a multidimensional 
construct” with “new sets of attributes unique to the context of Websites” (Zeithaml et 
al. 2002, p. 374). Moreover, e-service quality has to be differentiated from service 
quality as it “lacks interpersonal contact and may pose greater perceived risk and 
privacy issues for customers” (Blut et al. 2015, p. 679). Santos (2003) defined the e-
service quality concept as “the consumer´s overall evaluation and judgement of the 
excellence and quality of e-service offerings in the virtual marketplace” (Santos 2003, 
p. 235). Choi et al. (2004) stated that “the possibility of bi-directional many-to-many 
communication and (ii) the level of emphasis on in-tangibles” (Choi et al. 2004, p. 2) 
are two reasons why web-based and traditional retail services are different. Ladhari 
(2010) summarized the differences between online and “offline” environment for 
service quality as “convenience and efficiency”, safety and confidentiality, absence of 
face-to-face contact and the co-production of service quality. Thus, customers in 
online environments can compare prices more efficiently, have to abandon private 
information, interact with “a technical interface” (Ladhari 2010, p. 465) and play a 
more important role in creating the service (Ladhari 2010). Several models to measure 
service quality within the digital environment emerged like SITE-QUAL (Yoo and 
Donthu 2001), WebQual (Barnes and Vidgen 2002) or ES-Qual (Parasuraman et al. 
2005). These models consist of different dimensions and underlaying factors to capture 
the important attributes of service quality and thus, its measurement (Parasuraman et 
al. 2005). Moreover, these models have been developed for different levels of service 
quality measurement, for example higher level scales that measure website quality in 
general (Aladwani and Palvia 2002) or more specialized scales measuring service 
quality of retail-websites (Yoo and Donthu 2001) or online libraries (O’Neill et al. 
2001). As a result, many different service quality measurement models exist within the 
IS literature. Several reviews have been conducted regarding service and e-service 
quality measurement. In 1999, Robinson (1999) reviewed the literature on the service 
quality measurement debate and identified commons and similarities between the 
different models which have been developed on the basis of the debate. He found that 
both concepts agree on the definition of service quality as an attitude and that it has to 
be separated from customer satisfaction (Robinson 1999). Other reviews focus the 
adaptation of SERVQUAL to further develop measurement models for service quality 
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(Asubonteng et al. 1996; Zhang and Prybutok 2005) or to differentiate from 
SERVQUAL for the development of new models (Ladhari 2008). Moreover, the 
comparison of the different measurement models (Seth et al. 2005), their structure 
within one service type (Ladhari 2010), different approaches of measurement 
(Mukherjee and Nath 2005) or the underlaying concepts of service quality (Ghobadian 
et al. 1994) are subjects of investigation. Ladhari (2010) compared several e-service 
quality measurement models to examine similarities and differences between the 
dimensions and underlying factors of the models. Cristobal et al. (2007) listed the 
dimensions of models that measure website design quality and online re-tailing 
services to clarify which dimensions are important to customers. Lepmets et al. (2012) 
review literature on IT measurement to develop a new measurement framework. Blut 
et al. (2015) provided an overview about the attributes of measurement models as well 
as context information about their usage.  
 
The previous information has shown that service quality measurement plays a 
significant role especially in IS research. The digital age has influenced traditional 
measurement models and led to the development of new measurement models. The 
present study focuses on these different measurement models of service quality and 
answers the following research questions: Which measurement models and procedures 
can be found within the literature against the background of traditional, digital or 
hybrid service forms? Which differences exist between models to measure traditional, 
digital and hybrid service quality? As there have been conducted several studies about 
service quality models and scales which focus on the structure of the measurement 
models like dimensions, attributes and their weaknesses (e.g. Ladhari (2010); Blut et 
al. (2015)), this study will not examine the methods or procedures to develop such 
measurement models and scales but emphasize the differences between the models 
regarding the different forms of service. The differences will be categorized on the 
basis of the service typology developed by Jaakkola et al. (2017) which will be 
introduced in section five. 

8.3 Method 

The research questions should be answered by doing a systematic literature review 
because of two reasons. First, there is a huge body of literature regarding measurement 
models of service quality and online service quality in different research areas which 
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has to be structured. Second, literature reviews are seen as adequate methods to 
identify research gaps within the literature (Vom Brocke et al. 2015a). The procedure 
follows the three phases of systematic literature reviews described by Vom Brocke et 
al. (2015a) as “search, selection, and synthesis” (Vom Brocke et al. 2015a, p. 208). As 
there is a large number of papers regarding service quality, the search has to be created 
with respect to only comprising the necessary papers to answer the research question. 
The search procedure, based on Vom Brocke et al. (2015a), contains four steps which 
have to be determined before starting the review to guarantee a systematic search 
process (Figure 46). First, the search process has to be defined. The following paper 
uses a sequential search process which is described as “a defined step at the beginning 
of the reviewing process, although it often has to be refined and updated during the 
course of the review” (Vom Brocke et al. 2015a, p. 214). Second, the sources for the 
search have to be defined which can be citation indexing services like google scholar 
or different databases. Third, the level of coverage, that should be covered by the 
literature review, has to be determined. As it is “even impossible to collect all 
publications on a subject area” (Vom Brocke et al. 2015a, p. 214), the search of the 
present study starts with collecting papers from top IS journals. In a second step, 
backward and forward search are conducted to enhance the sample base to comprise 
the relevant papers from other disciplines as well. 

 
Figure 46:  Search procedure. 

Source: Own figure based on Vom Brocke et al. (2015a, p. 214) 

Fourth, the search technique has to be chosen. Vom Brocke et al. (2015a) differentiate 
between keyword, backward and forward search. Backward search reviews all 
references from the papers that yield from keyword search whereas forward search 
reviews the papers that have cited the papers from keyword search (Vom Brocke et al. 
2015a). The four steps of search are processed with the meta search-tool litsonar20 and 
are summarized in phase one of Figure 47. The following study will start with a key-

 
20 Litsonar is a meta search tool for academic literature. For more information see http://litsonar.com/.   
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word search. The search term for the keyword search should provide relevant results 
and not exclude necessary papers. Therefore, the search term was broadly defined with 
several synonyms for both, the buzzword “service quality” as well as for the 
measurement model. Although the search term should provide a high number of 
results, the complexity has to be reduced by making further limitations. 

 
Figure 47:  Search procedure. 

Source: Own figure based on litsonar.com and (Vom Brocke et al. 2015a, p. 214) 

To reduce complexity, the sources of the keyword search were limited on the IS senior 
scholar´s basket and thus follow a comprehensive review. In a second round and based 
on the results of the keyword search, backward and forward search were further 
considered for two reasons: One the one hand, papers from other disciplines like 
business or marketing research were also comprised to extend the scope and on the 
other hand, traditional service quality does not imply IT as the respective measurement 
models will be found in other disciplines. After the search, the selection of relevant 
papers has to be made. Avoiding the use of irrelevant papers require clearly defined 
rules for selection and a strict compliance to this rules during the whole selection 
process. The selection process consists of two sequentially proceeded steps, the 
abstract check and the paper check (see Figure 47, phase two). Main criteria to select a 
paper is that service quality is explicitly measured or enhanced through a model or a 
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procedure and not only a side effect. This is the case, for example, if the measure or 
enhancement of service quality is the goal or aim of the paper. Further indicator is that 
the paper contains literature or explanations about service quality. If the abstract does 
not provide clarification or is not existing, the paper has to be further checked. After 
selecting the relevant papers, they have to be classified regarding several criteria to 
answer the research questions. First, information about the papers is provided like 
publicizing journal, year or if it has been identified on keyword, backward or forward 
search. Second, the measurement models have to be identified as well as its 
applications against the background of traditional, mechanical, digital and hybrid 
service delivery. To enhance the quality of classification, the coding was pre-checked 
by the second author. The literature review made 45 relevant paper in total from 28 
different journals, especially in the fields of Marketing (Mark), Information Systems 
(IS) and Services (Figure 48). 

 
Figure 48:  Search results distinguished by search types. 

Source: Own figure 

8.4 Results 
The papers were clustered regarding the goal of the respective measurement model 
into three different types of service quality: 1) service quality, 2) e-service quality and 
3) IT/IS service quality. The first type can be found mostly in Marketing Literature 
whereby the second type is rife in Marketing, IS and Services. The third type is usually 
represented in the IS Literature. Table 24 provides an overview about the three service 
types with the respective models, their goals and the form of service delivery for 
which they are used.  

8.4.1 Service quality  
The first type comprises service quality measurement models which are characterized 
by a physical interaction between service encounter and customer. They can be 
described as traditional measurement models. These models were the first that have 
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been developed to measure human-to-human service quality, especially in retail and 
banking industry in the 1980´s and 1990´s. They built the basis for the other models of 
the two following service types. Particularly SERVQUAL has been adapted, further 
developed or tested in several studies. The measurement models are developed from 
an external perspective or “customer-orientated view” (Jia et al. 2008) which measures 
service quality on the basis of customers perception or requirements.  

8.4.2 E-service quality  

At the beginning of the twenty first century, the focus has shifted to e-service and the 
traditional models have been adapted to the upcoming use of the internet. E-service 
quality measurement models are developed to measure the highest degree of the digital 
transformation as they focus on digitally provided services where no influence of 
human interaction influences the quality of the service. The quality only depends on 
attributes of the used technology. Thus, they are characterized by a digital interaction 
between service encounter and customer. The interaction takes place over online 
websites or portals without any physical contact. All studies take an external 
perspective as developing their models on the basis of customer perceived service 
quality. The e-service models can be categorized into four further subcategories based 
on their measurement focus. The first category describes measurement models of 
website quality. The related studies are characterized by a model which focuses 
explicitly on the measurement of website quality, especially on the design of websites. 
Subjects of investigation are for example online shopping websites (SITEQUAL), 
online bookstores (WebQual), web portals (Yang et al. 2005) or the measurement of 
institutional service quality (Tan et al. 2013). The second category comprises models 
that measure online service quality in general without focusing on design elements of 
websites or other specific issues. These studies range from cross-country (Gounaris 
and Dimitriadis 2003) over country-specific (Rolland and Freeman 2010) to general 
measurements with a main focus of investigation on online retailer. The third category 
examines especially measurement models within the context of online banking service 
quality (Yang et al. 2004; Ho and Lin 2010; Wu et al. 2012) whereby the fourth 
category focuses on mobile service quality (Lu et al. 2009; Huang et al. 2015). Ho and 
Lin (2010) adopted the PeSQ model from e-service quality to the online banking 
context in Taiwan. Wu et al. (2012) developed their measurement model especially for 
the Taiwanese banking context on the basis of seven cross-country studies on e-
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banking service quality management to imply cultural factors and thus a more holistic 
view. Mobile service quality describes “mobile commerce (m-commerce) applications, 
including location-based services, mobile reading services, electronic books, mobile 
TV, and mobile music.” (Huang et al. 2015, p. 126). M-S-Qual (Huang et al. 2015) 
and the m-service quality model (Lu et al. 2009) have been developed to measure such 
m-services. 

8.4.3 IT/IS service quality 

Within the IT/IS service quality type, three subcategories of measurement models 
could be identified. The first category comprises the web- based application providers 
like Application Service Provider (ASP´s) (Sigala 2004; Ma et al. 2005) and Software 
as a Service (SaaS) provider (Benlian et al. 2011). ASP´s provide a combination of 
physical (e.g. consulting, training) and digital services (web-based applications) that 
are both focus of the measurement models. Thus, interaction between service 
encounter and customer respectively clients is hybrid. ASP-Qual and ASP model were 
both developed for the specific measurement of service quality in the ASP industry, 
whereby the latter is country-specific. 

Article Measuring … Model 
 SQ E-SQ IT/IS SQ   

Uni of analysis T D H T D H T D H Developed/adapted 
model (a/d) 

Goal (Sub-) Categories 

Cronin and 
Taylor (1992) 

X         
SERVPERF (d) 

 
Measuring service 

quality Dabholkar et 
al. (1996) 

X         Retail Service 
Quality Scale (d) 

Grönroos 
(1984) 

X         Service quality 
model (d) 

Parasuraman et 
al. (1985) 

X         P-E- SQ gap 
concept (d) 

Parasuraman et 
al. (1988) 

X         
SERVQUAL (d) 

Teas (1993) X         SERVQUAL NQ 
and EP (d) 

Aladwani and 
Palvia (2002) 

    X     
Measurement Model 

 
Website 
quality 

 
Measuring 
e-service 
quality 

Barnes and 
Vidgen (2000; 
2001a, 2001b, 

2002) 

    X     

WebQual 1.0 - 4.0 
(d) 

Hidayanto et al. 
(2013) 

    X     
Measurement Model 

Loiacono et al. 
(2002, 2007) 

    X     
WebQualTM  (d) 

Webb and     X     SITEQUAL (d) 
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Webb (2001, 
2004) 

Yoo and 
Donthu (2001) 

    X     
SiteQual (d) 

Gounaris and 
Dimitriadis 

(2003) 

    X     

Measurement Model 
Tan et al. 

(2013) 
    X     Measurement Model 

(d) 
Yang et al. 

(2005) 
    X     Measurement Model 

(d) 
Cristobal et al. 

(2007) 
    X     

PeSQ  (a) 
 

Online 
services Collier and 

Bienstock 
(2006) 

    X     
Measurement model 

(d) 
Janda et al. 

(2002) 
    X     

IRSQ scale (d) 
Parasuraman et 

al. (2005) 
    X     E-S-Qual / E-RecS-

Qual (d) 
Rolland and 

Freeman 
(2010) 

    X     

E-tail SQ (d) 
Santos (2003)     X     Measurement Model 

(d) 
Swaid and 

Wigand (2009) 
    X     Measurement Model 

(d) 
Wolfinbarger 

and Gilly 
(2003) 

    X     

etailQ (d) 
Zeithaml et al. 

(2002) 
    X     

e-SQ (d) 
Ho and Lin 

(2010) 
    X     

PeSQ  (d) 
 

Online 
banking 
services 

Wu et al. 
(2012) 

    X     Measurement Model 
(d) 

Yang et al. 
(2004) 

    X     Measurement Model 
(d) 

Huang et al. 
(2015) 

    X     
M-S-Qual (d) 

 
Mobile 
services Lu et al. (2009)     X     Measurement Model 

(d) 
Ma et al. 
(2005) 

        X 
ASP model (d) 

 
Web-based 
application 

services 

 
Measuring 

IT/IS 
service 
quality 

Sigala (2004)         X ASP-Qual (d) 
Benlian et al. 

(2011) 
       X  Saas-Qual (d) 

Jia et al. (2008)         X IT service climate 
(d) 

 
IT/IS 

Department 
as service 
provider 

Jia and Reich 
(2013) 

        X IT service climate 
(a) 

Jiang et al. 
(2002) 

      X   IS SERVQUAL (a) 
Kettinger and 

Lee (2005) 
        X IS ZOT 

SERVQUAL (d) 
Pitt et al. 
(1995) 

      X   SERVQUAL  (a) 
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Pitt and Watson 
(1994) 

      X   SERVQUAL  (a) 
Watson et al. 

(1998) 
      X   

IS SERVQUAL (d) 
Lin and Hsieh 

(2011) 
        X 

SSTQUAL (d) 
Self- 

Service 

Table 24: Classification of search results. 
Legend: *SQ=service quality *T,D,H = traditional, digital, hybrid 
Source: Own table 

SaaS-Qual was specifically developed for service quality measurement of Software as 
a Service provider which are a specific group of ASPs providing predominantly digital 
services. The contact be-tween service encounter and customer respectively clients is 
primary of digital nature, taking not into account possible service hotlines. All three 
studies within this first category of web-based application providers took an external 
perspective. The second category deals with IT/IS Departments as service provider 
like the services of IT or IS Departments in industry or institutions. The services of IT 
or IS Departments measured in the examined studies are mostly based on physical 
contact between service encounter (Department) and the customers respectively the 
clients. The physical contact is supported by technology and comprises tasks like 
trouble-shooting (Jiang et al. 2002), hardware/software selection, installation or 
product training (Pitt et al. 1995) and online access to records and accounts (Kettinger 
and Lee 2005). The studies are cross-industry-specific (Watson et al. 1998; Jia et al. 
2008) and/or cross-country-specific (Pitt et al. 1995), industry-specific (Pitt et al. 
1994) or country-specific (Jiang et al. 2002) investigations. Some studies are based on 
SERVQUAL. Kettinger and Lee (1994) and Pitt et al. (1995) were the first who used 
SERVQUAL within the IS context, whereby Watson et al. (1998) adapted 
SERVQUAL to develop a specific IS service quality measurement model (IS 
SERVQUAL). Pitt et al. (1994) and (Watson et al. 1998) conducted longitudinal 
studies were service quality was measured over time. All studies within this category 
also take an external perspective with the exception of Jia et al. (2008) and Jia and 
Reich (2013) which took an internal perspective on service quality. Their IT service 
climate measurement model is based on organizational and psychological aspects and 
measures the organizational functionality of IT Departments. The third category 
describes the model SSTQUAL from Lin and Hsieh (2011) to measure Self-Service 
Technologies (SST). The authors described SST as “technological interfaces that 
enable customers to produce a service independent of direct service employee 
involvement” (Meuter et al. 2000, p. 50; Lin and Hsieh 2011, p. 194). The contact 
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between service encounter and customer is physical but the service encounter is a 
technical machine. Examples are the usage of ATM´s or self-service checkouts in the 
super-market (Lin and Hsieh 2011). SSTQual was developed on the basis of 
consumers and therefore takes an external perspective as well. In summary, this study 
identified three different service types for measurement models which were further 
categorized into different subcategories. Three different service forms were found 
within these categories. The results will be discussed in the following section. 

8.5 Discussion and Limitations 

In the following, the results will be first discussed with regard to the four clusters of 
services identified by Jaakkola et al. (2017). The authors developed a service type 
matrix to cluster services regarding the contact intensity between service encounter 
and customer and the technological complexity of services (Jaakkola et al. 2017). They 
identified four different service typologies. The first cluster is labelled as routine-
intensive services with a low degree of contact intensity and technological complexity 
where-by the second cluster comprises technology-intensive services that are 
characterized by a high techno-logical complexity but a low contact intensity 
(Jaakkola et al. 2017). Examples of the first cluster are wholesale trade and banking 
and for the second cluster IT, mobile as well as web-based services (Jaakkola et al. 
2017). The third cluster is described as contact-intensive services which have a low 
degree of technological complexity but a high degree of contact intensity and “where 
the personal interaction between employees and customers is a key to provide 
excellent service” (Jaakkola et al. 2017, p. 11). Examples are hospitality or call centres 
(Jaakkola et al. 2017). The fourth cluster summarizes knowledge-intensive services 
with a high degree of both, technological complexity as well as contact intensity like 
consulting or legal services (Jaakkola et al. 2017). Figure 49 shows the classification 
of the service types that were identified in this study, and the respective subcategories. 
The type of traditional service quality can be allocated to routine- and contact 
intensive services. The respective models measure service quality of e.g. retailing or 
banking services where the technological complexity is relatively low and the contact 
intensity varies between high (retail) and low (banking) (Jaakkola et al. 2017). The e-
service type can be assigned to the technology-intensive cluster. Websites and online 
services as well as mobile services require highly complex technologies to provide 
services but low contact intensity as there is only digital interaction between service 
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encounter and customer. The IT/IS service type can be assigned to the knowledge-
intensive as well as to the technology intensive service cluster. The web-based 
application services and the Self-Service Technologies have a high-degree of 
technological complexity and a low degree of contact intensity whereby the IT/IS as 
service providers are characterized by a high degree of both, technological complexity 
as well as contact intensity. Hence, the measurement models of the IT/IS service type 
measure service quality of technology- and contact-intensive services. The assignment 
of the results into this framework shows possibilities for further research on service 
quality measurement models on the basis of their assigned service cluster. There might 
be some more differences or similarities between these clusters on different levels of 
the measurement models. The integration of the measurement model categories into 
the service type matrix discloses additional differences between the categories and 
offers a structuring of the models regarding the variation of services. Moreover, the 
dimensions of the matrix reflect two important attributes of service quality 
measurement regarding the socio-technical transformation. Contact intensity consists 
of “customer interaction, labor intensity and customization” (Jaakkola et al. 2017, p. 
11) whereby technological complexity “involves technology intensity and complexity” 
(Jaakkola et al. 2017, p. 11). Both, contact in-tensity and technological complexity 
have changed through digitization. Future research may investigate measurement 
models regarding the change of the two dimensions in a more detailed way.  
Beneath these differences, several further distinctions can be made between the three 
service types. First, some researchers argue that measurement models are culture or 
context specific.  Rolland and Freeman (2010) examined e-service quality especially 
for the case of France. Wu et al. (2012) used studies about internet banking service 
quality from seven different countries to imply a holistic view into their measurement 
model. Consequently, service quality measurement models are context-specific. This is 
also in line with other studies which examined the influence of e.g. country- or 
industry-specific factors on service quality. Blut et al. (2015) found in their review of 
e-service measurement models that the model attributes are moderated by country-, 
regulatory environment- and industry-specific factors (Blut et al. 2015). Second, many 
service quality measurement models are in some way related to the SERVQUAL 
model from Parasuraman et al. (1988) as it is used as questionnaire or builds the basis 
for argumentation. Third, most studies are based on the external perspective and so on 
the view of the customer. Silvestro et al. (1990) examined service quality measurement 
from the organizational perspective and investigated measurement systems of service 
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organizations to analyze their occurring problems. This offers another perspective on 
service quality measurement and provides answers on how to overcome the problems 
of measurement. Another difference that can be found is that most studies of service 
quality and e-service quality focus on B2C relationships between firm and customer. 
In contrast to that, the IT/IS service quality studies rather refer to B2B relationships 
between firm and client. Further research might examine for example e-service quality 
models on the level of B2B relationships or on outsourcing relationships. Several 
researchers conducted reviews on the scales of measurement models by examining its 
dimensions and relating factors to find similarities or limitations (Wolfinbarger and 
Gilly 2003; Collier and Bienstock 2006; Ladhari 2010). Wolfinbarger and Gilly (2003) 
found in their review that many different variables of service quality have been 
examined which resulted in many different measurement scales for website quality. 
The present study also found that there are different scales within the three service 
quality types. Glynn Mangold and Babakus (1991) were the first who differentiated 
between two perspectives on service quality, the front-stage and the back-stage 
perspective. The former is denoted as the customer perceived service quality and the 
latter as the employee perceived service quality. The authors argued that these 
different views on service quality can result in “a lack of agreement” on how to deliver 
service quality (Glynn Mangold and Babakus 1991). This study found that some of the 
IT/IS papers use both, a front-stage and a back-stage perspective when adapting or 
developing service quality measurement models. On the one hand, this provides 
managerial actions to support the internal processes and structures to enhance service 
quality. On the other hand, this implies the customers view on service quality (e.g. 
Jiang et al. (2002); Ma et al. (2005)). The e-service quality investigations in this study 
mostly focus on the customer perspective and their picture of service quality which has 
also been found for example by Yoo and Donthu (2001) and Santos (2003). 
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Figure 49:  Integration of search results into service typology. 

Source: Own figure 

In times of online access to a huge number of scientific publications, this study cannot 
comprise all papers regarding service quality measurement models. An extract from 
the literature on service quality measurement was drawn to get first insights into 
differences between the three identified service types. The selection process of 
relevant papers has been conducted by a structured proceeding, the subjective 
influence of the authors on the choice and categorization of papers cannot be totally 
avoided. 

8.6 Conclusion and Future Research 

The systematic literature review conducted in this study made 45 papers in total which 
were used for analysis. The papers were analyzed regarding their service form of 
delivery whereby three forms were identified (traditional, digital, hybrid). Three 
different service types, addressed by the models, were identified: service quality, e-
service quality and IT/IS service quality. Moreover, subcategories of the service types 
were built. As several reviews focused on attributes and factors of the measurement 
model structure, this study had the intention to:  
 

• Provide an overview about the different e-service quality and IT/IS service 
quality measurement models regarding purpose of the model, context and 
service form.  
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• Emphasize differences between the digital and hybrid models and compared to 
traditional models regarding the type of services (Jaakkola et al. 2017).  

• Offer new research gaps for further research on e-service quality and IT/IS 
measurement models.  

 
The discussion shows that the three identified service types can be further 
distinguished by the help of Jaakkola et al.'s (2017) four identified types of service 
which were categorized by technological complexity and contact-intensity. Service 
quality measurement models are used specifically for contact- and routine-intensive 
services, e-service quality measurement models only focus on technology-intensive 
services whereby IT/IS service quality measurement models are used in technology- 
and knowledge-intensive services. Beneath this differentiation, several further 
differences between the three service types could be identified. In summary, this study 
found that measurement models are 1) context-specific, 2) related to SERVQUAL, 3) 
use an external perspective and 4) focus on B2C relationships. As outlined in chapter 
five, this, provides some new opportunities for further research:  
 

• Research on measurement models regarding the two dimensions of the service 
type matrix in a more detailed way.  

• Research on context-independent measurement models which could be used to 
measure service quality across different industries or different countries.  

• Research with focus on organizational and behavioral factors to measure 
service quality that can be influenced within the information systems function 
or the IT Department.  

• Research on the differences of the three service quality models regarding the 
level of their dimensions and the underlaying factors.  

• Research with focus on measurement scales in B2B relationships where service 
quality requirements differ to that of B2C like the outsourcing industry.  

 
Moreover, most studies dealing with the development or further debates on 
measurement models, focus on the model dimensions and attributes. As this study did, 
more studies should examine the models regarding other characteristics. Most studies 
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are based on the external perspective and thus on the view of the customer. Moreover, 
the measurement models result from scientific investigations. Therefore, further 
research on practical models which are used by firms to measure service quality would 
be necessary to enhance current models and provide other perspectives. Therefore, this 
study contributes to IS literature in 1) providing an overview about IS service quality 
measurement models and their measurement goal and thus raises the level of 
investigation, 2) identifying e-service quality and IT/IS service quality as IS service 
quality measurement types and thus structuring the literature on the basis of digital and 
hybrid service forms and 3) illustrating new research gaps by discussing the results on 
the service typology of Jaakkola et al. (2017). There are further research gaps for 
service quality measurement models directly related to socio-technical change as the 
two dimensions of the matrix reflect two important attributes of digitization. 
Moreover, the present study provides some practical implications. On the one hand, 
measurement scales play an important role for IT/IS service quality. On the other 
hand, measurement scales have been structured regarding different measurement goals 
which provide a better understanding of how to use measurement scales in practice. 
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9 Summary of Contributions and Future Research 

In the following, the results of the dissertation are discussed, and their theoretical and 
practical contribution is highlighted. Thus, the overarching research challenges 
(Section 1.1 Problem Statement) and the corresponding research questions (Section 1.2 
Solution Statement and Research Questions) are addressed. Furthermore, the 
limitations of the dissertation as well as the future research needs arising from the 
dissertation are presented. 

9.1 Theoretical Implications 

In this section, both the theoretical contributions already highlighted in the respective 
scientific papers and the discussion of how the results feed into the respective research 
challenges and research questions are detailed.  

9.1.1 Co-Creation Systems Requirements 

Research question 1 was formulated as follows:  
 
What are requirements for systems that empower users to co-create services? 
 
To answer this research question, I first conducted a systematic literature review 
according to Webster and Watson (2002a) and Vom Brocke et al. (2009a; 2015a) on 
the topic of participation stages. Subsequently, the 40 identified articles were clustered 
according to Arnstein's (1969) participation stages, considering the two perspectives of 
citizen and governmental participation and the theoretical background of Arnstein's 
ladder of stages was extended (Pristl and Billert Minor Revision). 
 
The results show that ICT-supported citizen participation is a relevant topic and that 
much research has already been done especially in relation to the participation stages 
of informing and consulting. However, the research on the topic of participation in co-
creation processes of citizens together with municipal administrations has hardly been 
discussed. Although the results show that it is necessary to study both parties, who are 
involved at each participation stage, participation is still part of the implementation of 
electronic participation systems and thus of e-democracy (Macintosh 2004). Here, 
based on the literature found, the results show the need for research on citizen 
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participation when it comes to the issue of having a say in decision-making. Thus, 
there is a lack of active involvement of citizens to co-design in participation processes 
using ICT. (Pristl and Billert Minor Revision)  
 
Although in the literature search many articles using the term e-government can be 
assumed to be about the transformation of existing services to digital services and thus 
citizen participation was insufficiently covered, the keywords citizen participation and 
engagement could also only find minor hits in the IS literature (Pristl and Billert Minor 
Revision).  
 
In addition, public participation is exploited by the municipal administration and 
government by increasingly using the actual goals of public participation for their own 
state interests. In the process, the public is involved but in an innocuous way (Mosse 
and Whitley 2009; Arnstein 1969). This is compounded by the perception of citizens 
as customers (Mosse and Whitley 2009; Lee and Rao 2012). As a result, there is no 
actual exchange of ideas and mutual benefit but only participation from a marketing 
perspective, which is why the quality of service is also negatively affected (Lee and 
Rao 2012; Tan et al. 2013; Irani et al. 2008; Azad and Faraj 2008; Benbasat et al. 
2007). (Pristl and Billert Minor Revision).  
 
There is a lack of detailed reflection on the integration of citizens in the political 
planning and decision-making processes using ICT. Which is why there should also be 
genuine cooperation between citizens and the municipal administration or government. 
Citizens should not be perceived in the role of customers but in the role of co-
producers (Gutierrez et al. 2018). The use and acceptance of participation systems 
should also be studied more closely in this context. In this context, it is suggested that 
through collaborative innovation platforms, citizens should be actively involved in the 
development process to help improve urban life (Gutierrez et al. 2018). (Pristl and 
Billert Minor Revision) 
 
This makes it all the more important to realize that the combination of top-down and 
bottom-up approaches is indispensable in order to create a common benefit through 
genuine participation in an overall concept and to guarantee the quality of the service. 
(Pristl and Billert Minor Revision) 
 



 

240 
 

Furthermore, to answer the research question, the components of a co-creation service 
system were determined through a deductive approach (Billert et al. 2018).  
 
It was found that in the smart city context it was necessary to view the city with its 
actors and resources from a holistic perspective as an independent service system. 
Especially through value co-creation, it could be shown that it is particularly important 
that the interaction and equality among the actors of the service system are taken into 
account in the creation of services, especially in the urban context. By implementing 
new forms of citizen participation, citizens can be better involved in urban decision-
making processes. Especially a citizen portal as a platform serves as a new solution 
concept to collect and generate innovative service ideas and to improve existing 
services. Citizens will benefit themselves as beneficiaries of the services. The creation 
of the co-creation service system for the development of user-oriented services 
considering the relationships between the individual actors represents a promising 
approach. (Billert et al. 2018)   
 

9.1.2 Co-Creation of Citizen-Initiated Services 

Research Question 2a was formulated as follows:  
 
How does a co-creation system have to be designed that empowers citizens to co-
create services? 
 
To answer this research question, I first conducted requirements workshops and 
systematic literature reviews to develop a digital citizen participation platform in three 
iterations using Hevner's (2007) three-cycle design science research model. The 
participation platform as a co-creation system empowers citizens to create their own 
services through a systematic submission process (Billert and Peters 2018). The 
development of the platform is based on 11 derived design requirements, five design 
principles, and 16 characteristic design features (Billert et al. Under Review). 
 
During the three-step co-creation submission process, citizens can (1) describe their 
proposal textually, (2) present it visually using a web-based drawing environment, and 
(3) present it in a video-based way as an elevator pitch. Once submitted by the citizen, 
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the city administration has the opportunity to review and approve the project 
accordingly for content. In this way, an innovative, multimedia approach is used to 
address the challenges of urban administration, and, at the same time, the 
competencies of citizens are taken into account in a collaborative service process. This 
extends the literature by combining collaborative service development with an active 
citizen participation approach, using the resources of the service system and applying 
methods and tools of service engineering. Furthermore, a collaborative creation of the 
platform is carried out by several actors of the service system, which also takes into 
account the expectations of both citizens and the municipal administration. (Billert and 
Peters 2019; Billert et al. Under Review)  
 
Using the FEDS framework by Venable et al. (2016a) with a combined technical risk 
and efficacy strategy and human risk and effectiveness strategy, both technical and 
human influences as well as impacts are considered. This also evaluates the 
participation platform across all iterations to ensure the correctness as well as accuracy 
of the design artifact, based on the four steps of the framework: (1) define evaluation 
objectives, (2) select evaluation strategy, (3) define evaluation characteristics, and (4) 
design evaluation episodes. This can also ensure that a user-, use-, and utility-
centricity approach is used in the development of citizen-initiated services by 
involving citizens in the development from the very beginning. With the abstraction of 
the identified problems, the following characteristics could be noted for each 
evaluation phase: use of citizen resources, citizen satisfaction, and quality assurance. 
(Billert and Peters 2018) 
 
The use of citizen resources verifies whether the top-down approach has been used 
successfully, as municipal administrations have the task of involving citizens as a 
resource in the existing development process. Citizen satisfaction can be used to 
evaluate the bottom-up approach, as citizens should be involved in the development 
process in such a way that they are satisfied. Finally, quality assurance verifies 
whether the citizen-initiated service can be described as high quality and thus whether 
both approaches have been taken into account. 
 
During the development of the platform, the prototype was first tested with experts 
before it was used in extensive field tests with citizens (Billert and Peters 2018). 
Furthermore, collaborative models such as the KoPDA and the SeKMo were used to 
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develop the platform as well as agile process models, in this case Scrum, to be able to 
react to the rapidly changing application domain with new customer requirements. The 
development of the platform also demonstrated that the application of an agile and 
collaborative approach was successful in the smart city service system. At the same 
time, the modularity of the platform demonstrated that it is possible to connect a 
citizen participation platform to the existing processes of the municipal administration 
without media discontinuity. (Billert and Peters 2019; Billert et al. 2019) 
 
By actively using the highest level of citizen participation – empowerment – the 
platform contributes to citizen participation. The successful implementation of the 
platform can thus also be seen as a successful implementation of structural 
empowerment in the urban context, since the municipality as a key actor has the 
obligation to help all citizens with their heterogeneous needs. Thus, the co-creation 
platform enhances the knowledge of the domain-specific context of cities, providing 
prescriptive knowledge to implement transparency and democratic design principles 
for co-creation platforms. (Billert et al. Under Review)   
 
As a design-theoretical contribution to the extension of the existing knowledge base, 
the platform offers an improvement in citizen participation as a new approach to 
solving an existing problem (Gregor and Hevner 2013b). The platform solution 
extends prior knowledge to create an innovative artifact. The co-creation platform thus 
represents a theory of design and action (Gregor and Jones 2007; Vaishnavi et al. 
2004/17). This also adds to the literature by creating service based on a citizen-
centered participation approach. (Billert and Peters 2018; Billert et al. Under Review) 
 
 

9.1.3 Co-Creation of Situated Work-Process-Related Learning Material 

Research Question 2b was formulated as follows:   
 
How does a co-creation system have to be designed that supports employees in 
learning services to co-create work-process-related learning material? 
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To answer this research question, I first conducted requirements workshops, focus 
group workshops, and developed the literature based on digital learning. Using DSR 
and ADR, different co-creation prototypes were developed in several iterations. 
Qualitative research methods were then used to evaluate each iteration.  
 
The results show how the creation process of learning materials by co-workers in 
vocational education can be supported by means of design principles. There are design 
principles of a co-creation system that can be applied to a platform and that can be 
used for a chatbot. The latter was implemented as a functional prototype based on six 
theoretical and five practical requirements and found no further use in the overall co-
creation system. Overall, it contributes how the design and knowledge of the co-
creation system can be used as an intelligent personal assistant to support the co-
creation process of learning materials by employees. Furthermore, design knowledge 
is provided for an explicit instantiation of the co-creation system (Billert et al. 2020). 
Design principles are also used to clarify the cognitive load and interaction in co-
creation systems in the manufacturing industry. Quantitative measurement of cognitive 
load was not possible due to the small number of learners (Weinert et al. 
Forthcoming). 
 
The descriptive and quantitative results pick up on the user-friendliness, perceived 
usefulness, and intention of use of the employees in relation to the positive acceptance 
of the technology. For an integration of the co-creation system into the daily work 
routine, positive technology acceptance is the decisive factor (Egger-Lampl et al. 
2019), which is why the learning environment was also designed to support employees 
in the development process of work-process-related learning material from the very 
beginning. This is also shown by the results of the usability test, which highlights the 
ease of use of the co-creation system, as well as the survey results on user motivation. 
In addition, there is a low cognitive load in the co-creation system, which could be 
clearly established via the results based on the measurement procedure of Ayres and 
Youssef (2008), especially in the third BIE cycle. This means that the employees were 
not overloaded during the creation of the learning materials. Also, the results could 
show that there was a remarkable knowledge acquisition among the employees in the 
co-creation system. This can be attributed to the results of concept mapping. In 
addition to supporting employees in the systematic creation process, the results show 
that the process both enables didactically high-quality learning material and has a 
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positive effect on the employees involved in the creation process when knowledge is 
acquired. In addition, the co-creation system increases the willingness of employees to 
share their knowledge with others. (Weinert et al. Forthcoming) 
 
The structured process in the co-creation system promotes the development of high-
quality learning material and significantly supports the use of such co-creation systems 
in manufacturing environments that are hostile to learning as opposed to free-form co-
creation processes (Bovill 2020). During the development of the co-creation system, 
this was particularly evident when there was more freedom at the outset in the 
arbitrary placement of text, photos, and videos to promote the learning material. With 
a structured procedure description, the behavior of the employees changed positively 
and helped them to not get distracted during the creation process. The final prototype 
had a positive effect on employees in the structured co-creation process and on the 
quality of the learning materials. (Weinert et al. Forthcoming) 
 
In order to co-create the learning material, it helped to discuss it with each other 
through the co-creation system. This also brought up the review of the learning 
material by the supervisors as experts. This increased the quality of the learning 
material, as employees only sent officially approved workflows for approval and did 
not share informal knowledge (Spence and Reddy 2012). The informal knowledge can 
be subsequently shared with others through discussion. Moreover, the involvement of 
different learners is a critical success factor for the process in the co-creation system 
(Bovill et al. 2016), as during the complete video analysis every employee participated 
in the co-creation process at different times. (Weinert et al. Forthcoming)   
 
The representation of a real problem, here the design principles for a co-creation 
learning environment allows for an analysis and exploration of the changes in the real 
world and the impact of the design decisions so that the co-creation system can be 
integrated into existing work processes of companies. According to Gregor and 
Hevner (2013a), this is a theory of "design and action" of a known problem. In doing 
so, a contribution is made by showing what ways are needed to overcome the 
challenge based on the knowledge gained from the different steps of development of 
the co-creation system in the private sector. In addition, it can be shown that the co-
creation system is an improvement for a known class of problems. Furthermore, the 
co-creation system is used to show how employees are supported in the design of 
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situated work-process-related learning material so that the corporate training of 
employees can be ensured (Ludwig et al. 2018). This can also promote comprehensive 
and integrative knowledge in the manufacturing industry. Additionally, the success of 
the developed co-creation system can be measured due to the innovative and 
interdisciplinary approach. In addition, there is a positive effect on the learning process 
of employees through the development of learning materials in a co-creation process. 
With the discussion and co-creation of learning materials, employees were encouraged 
to create learning materials on their own. (Weinert et al. Forthcoming) 
 
In order to present situated learning materials in a structured way, interactive 360-
degree learning environments are helpful for the learning process, especially for 
inexperienced learners. The results have shown that inexperienced learners have a 
higher motivation and performance. The design of the learning environment of the co-
creation system is based on interaction theory (Moore 1989). It was found that there 
was an improvement in interaction, especially in terms of individual learner content 
(Martin and Bolliger 2018). Combining the factors of engagement, motivation, and 
satisfaction with learning output, it was found that there was a positive effect on the 
overall learning process and therefore learning outcomes (Gupta and Bostrom 2009), 
which is why interaction theory was combined with the input–process–output model 
(Gupta and Bostrom 2009). The results focusing on learner–content interaction show 
that learners approached the tasks quite differently. Especially for the novices, there 
was a positive impact on the learning process due to the structured interaction. At the 
same time, however, creativity between learners was limited due to the structured 
approach in the learner–learner interaction. The learner–teacher interaction could be 
proven by the fact that the learning materials were created by the teachers as experts at 
the beginning. Overall, the 360-degree interactive learning environment as a co-
creation system could be said to be effective as learners could independently achieve 
their goals and tasks (Pedroli et al. 2018). Similarly, efficiency could be demonstrated 
as the learners all reported back that the usability of the system had led to the 
achievement of the goal. Satisfaction with the 360-degree interactive learning 
environment as a co-creation system could also be ensured, as it could be 
demonstrated that learners were both satisfied with the system, and the teaching and 
learning process was enriched. Based on the results, learners in the co-creation system 
were consistently engaged and motivated, as the 360-degree interactive environment 
was seen to be helpful. Thus, it could be shown that the interactions in the virtual 
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learning environment were conducive to the learning process, contributing to 
interaction theory. It was possible to contribute to learner–content interaction by 
increasing the knowledge and performance of individual learners through structured 
learning materials with clear, work-process-oriented guidance. Both during use 
(reflection in action) and in evaluation (reflection on action), the co-creation system 
was able to demonstrate reflective learning (Fessl et al. 2017). It was found that 
creativity and decision-making following recommendations for action by experts were 
limited in novices. (Billert et al. Major Revision) 
 

9.1.4 Measuring Service Quality  

Research question 3 was formulated as follows:  
 
Research Question 3: How can service quality be measured?  
 
To answer this research question, I first conducted a systematic literature review 
according to Vom Brocke et al. (2009a; 2015a) on the topic of measuring service 
quality. Then, the 45 identified articles were clustered according to Jaakkola et al.'s 
(2017) service typology considering the three identified forms of service delivery 
(traditional, digital, hybrid). The service typology is composed of a matrix that 
considers both the contact intensity between the service provider and the service 
recipient and the technological complexity of the service (Jaakkola et al. 2017). Based 
on this, the service typology was adapted to the three identified service types (service 
quality, e-service quality, IT/IS service quality). This can provide an overview of the 
different models for measuring IT/IS service quality as well as e-service quality in 
order to analyze the purpose, service type, and context. (Hartwig and Billert 2018)  
 
The service typology according to Jaakkola et al. (2017) consists of the four clusters: 
(1) routine-intensive services (low contact intensity and low technological 
complexity), (2) technology-intensive services (low contact intensity and high 
technological complexity), (3) contact-intensive services (high contact intensity and 
low technological complexity), and (4) knowledge-intensive services (high contact 
intensity and high technological complexity). (Hartwig and Billert 2018) 
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Based on the service typology according to Jaakkola et al. (2017) and the service types 
identified in the scientific article, a division into three areas emerges: (1) traditional 
service quality in contact- and routine-intensive services (low to high contact intensity 
and low technological complexity), (2) e-service quality in technology-intensive 
services (low contact intensity and high technological complexity), and (3) IS/IT 
service quality in technology- and knowledge-intensive services (low to high contact 
intensity and high technological complexity). With digitalization comes a socio-
technical transformation where contact intensity is increasingly merging with 
customization, and labor intensity, customer interaction, and technological complexity 
are slowly merging with complexity and technology intensity (Hartwig and Billert 
2018).   
 
Another result deals with the need to measure service quality from different 
perspectives. Most of the scientific articles considered service quality measurement 
from the customer's point of view. However, the organization's perspective should also 
be taken in consideration (Silvestro et al. 1990) to overcome possible problems in 
service measurement. This is also in line with the findings of Glynn Mangold and 
Babakus (1991), who made a distinction between front stage, from the customers' 
point of view, and back stage, from the employees' point of view, in order to improve 
service quality processes. For this reason, it is appropriate to carry out the 
measurement of service quality from both perspectives. (Hartwig and Billert 2018)  
 
The results have shown that the measurement models of service quality are 1) context 
specific and 2) related to SERVQUAL as well as focusing on 3) an external 
perspective and a 4) B2C relationship. Especially with regard to socio-technical 
change, the measurement of service quality is relevant (Hartwig and Billert 2018). 
 
Co-creation systems are technology- and knowledge-intensive services that provide 
both physical and digital interaction between the service provider and the service 
recipient. Furthermore, both a front-stage (bottom-up prioritized) and a back-stage 
(top-down prioritized) perspective were adopted to measure the service quality of the 
web-based applications. 
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9.2 Practical Implications 

In addition to the theoretical contributions, several practical implications are presented 
in the coming section. Especially for designers of co-creation systems in the form of 
digital collaborative platforms in the public and private sector, the presented results are 
relevant and serve as recommendations for action for developers. Especially the 
scalability of the two presented co-creation systems is emphasized and explained for 
the generalizability of the results.  

9.2.1 Designing a Digital Collaborative Participation Platform 

As a practical contribution, I provide concrete design principles that can be used to 
design and develop digital collaborative platforms as co-creation systems in which 
citizens are empowered to create their own services in a co-creation process (Billert et 
al. Under Review). 
 
Here are five design principles, formulated using the framework of Chandra et al. 
(2015), which takes into account user activity and the different roles of the 
stakeholders involved (Gregor et al. 2020a). (Billert et al. Under Review) 
 
DP01 - For structural orientation and processual clarity, provide easy-to-follow, step-
by-step processes as well as corresponding measures to ensure clarity about the current 
process stage.  
 
DP02 - For high content quality of service project submissions and their release, 
provide structural, "guiding" elements, as well as publicly available resources that 
empower citizens to provide "rich", compelling, and attractive presentations of their 
proposed service projects.  
 
DP03 - To adequately respect diversity as well as heterogeneous needs and 
preferences of all citizens, enable accessibility via corresponding channels and 
devices.  
 
DP04 - To implement fairness and democratic principles by design, ensure the 
transparency of each phase, e.g., competition (period) and its results.  
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DP05 - To continuously improve the platform and its user experience, implement 
measures for activity and data monitoring as well as regular and event-based feedback 
and adjustment procedures. 
 
With the implementation of the design principles of the digital collaborative 
participation platform, citizens have the opportunity to follow an easy-to-understand, 
step-by-step submission process (DP01). Furthermore, structured multimedia-enriched 
"guiding elements" can be used so that a high quality of content can be achieved 
(DP02). In the submission process, the citizen receives continuous information and 
feedback on whether and why the project was rejected or accepted, also in relation to 
whether the heterogeneous needs were covered (DP03). With the review process by 
the municipal administration after the submission of the project, the project is released 
to the open voting phase after successful review, ensuring a democratic and fair 
process during each competition period (DP04). In order for the platform to be 
optimized and to provide event-based feedback and insights into the process to prevent 
manipulation, among other things, all activities and data (except for private parties) are 
recorded throughout the process (DP05). (Billert et al. Under Review)  
 
Another practical contribution is that the new digital participation platform as a co-
creation system has positive effects on the known problem area of effective citizen 
participation: solution design and utility plus generated design knowledge, citizen 
participation, structural empowerment and co-creation platforms.   
 
Solution Design and Utility plus generated Design Knowledge  

From a practical perspective, the improvement of the theoretical DSR contribution 
represents an introduction of the new digital collaborative participation platform as a 
co-creation system into a well-known problem space of effective citizen participation 
(Gregor and Hevner 2013a). (Billert et al. Under Review) 
 
Following the last-research mile of Nunamaker et al. (2015), it was verified that the 
platform is functionally feasible (proof of concept), generates value (proof of value), 
and operationally implements a complex topic (proof of use) (Billert et al. 2019). 
Proof of concept can be considered confirmed as the digital collaborative participation 
platform went live as a co-creation system. Proof of value can also be confirmed, as 
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the participation platform has generated value with the executed service projects 
submitted through the platform. Finally, proof of use can also be confirmed through 
the individual evidence described previously as well as through the adaptation of the 
scalable white-label version of the digital collaborative participation platform. (Billert 
et al. Under Review) 
 
The newly generated design knowledge based on the design principles serves as a 
basis for the development of future solutions and consecutive DSR artifacts in the 
public but also private sector (Billert et al. Under Review). 
 
Citizen Participation  

The digital collaborative participation platform as a co-creation system offers a form 
of digital means for effective citizen participation. Through COVID-19, there has been 
a shift from citizen participation as a strategic tool (Mueller et al. 2018) to digital 
citizen participation with consideration of citizens' concerns (Paskaleva et al. 2018). 
Citizens thus become "sensors" who can contribute as experts with their experience 
and skills in service development from the very beginning (Castelnovo 2016a; Levy 
and Germonprez 2017). Citizens at the same time give feedback to the urban 
administration (Gabrys 2014). Thus, with the use of ICT, the potentials and 
heterogeneous capabilities of citizens can be fully exploited to make the city a more 
liveable place (Gabrys 2014). As a design artifact, the digital collaborative 
participation platform as a co-creation system exists precisely to this end. The 
developed participation platform makes use of all five levels of decision-making 
(IAP2 International Federation 2014), addressing especially the level of collaboration 
(Castelnovo 2016a) and the level of empowerment (Gutierrez et al. 2018) through co-
creation. In doing so, a practical contribution is made by showing how the digital 
collaborative participation platform as a co-creation system has successfully 
implemented the levels of participation using ICT. (Billert et al. Under Review) 
 
Structural Empowerment 

The digital collaborative participation platform as a co-creation system provides a 
practical contribution by showing how structural empowerment could be successfully 
implemented in practice. Structural empowerment includes structures, practices, and 
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services with the aim of adapting them accordingly. Psychological empowerment, on 
the other hand, involves a more detailed analysis of the individual and subjective 
interactions of individuals. So far, empowerment has been studied in the context of 
organizations (Durward et al. 2019), while it has not yet been applied in the urban 
context or in the field of digital citizen participation. The participation platform, which 
was connected to the urban infrastructure and successfully operated, shows that 
structural empowerment could be successfully applied. (Billert et al. Under Review) 

Co-Creation Platforms  
 
As a digital collaborative participation platform, the platform offers citizens and other 
actors of the urban ecosystem the opportunity to participate in the creation of services 
in a co-creation process. The co-creation process involves individuals in different 
phases of service development (Voorberg et al. 2014) to create value (value co-
creation) (Zwass 2011) through creative collaboration in a social process (Roser et al. 
2013) with consideration of the needs of individual participants (Zwass 2011). 
 
The digital collaborative participation platform as a co-creation system makes a 
practical contribution to improving the environment through the experience of 
individuals and promoting innovative ideas within the organization (Lipusch et al. 
2020). This is the first time that a top-down approach, where the city administration 
follows certain norms and rules, is combined with a bottom-up approach, where 
citizens are involved as active participants in the development process from the 
beginning. With the support of the urban administration (Saari et al. 2015) and the 
achievement of active citizen participation (Linhart and Papp 2010), the combination 
goes beyond the generality already studied (Homsy et al. 2019). The contribution is 
expressed through the characteristic design features necessary for both approaches and 
required for active co-creation of services. (Billert et al. Under Review) 
 
A scalable version of the participation platform was introduced in 2021, which was 
financially supported by the government of a German federal state. In the scalable 
version, other cities have the possibility to create and adapt their own instance of the 
participation platform. This also represents a practical contribution. (Billert et al. 
Under Review) 
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9.2.2 Designing a Digital Collaborative Learning and Qualification 
Platform 

As a practical contribution, I provide concrete design principles that can be used to 
design and develop digital collaborative platforms as co-creation systems in which 
employees are empowered to create their own learning materials in a co-creation 
process (Weinert et al. Forthcoming). 
 
Here are four design principles, formulated using the framework of Gregor et al. 
(2020a), which takes into account user activity and the different roles of the actors 
involved (Weinert et al. Forthcoming). 
 
DP01 - To increase the quality of learning material, an instructional designer should 
provide clearly structured questions in the creation process in order to avoid frustrating 
the learner as well as to improve their involvement in the process.  
 
DP02 - To increase the quality of the learning material, an instructional designer 
should avoid unnecessary elements or interactions in order to draw learners' attention 
to the creation process.  
 
DP03 - To increase the quality of the learning material, an instructional designer 
should enable the insertion of interactive multimedia content in order to enrich the 
visual experience of learners and allow them to interact with the real world.  
 
DP04 - To increase the quality of the learning material, an instructional designer 
should offer the possibility of evaluation and commentary functions in order to gain 
feedback about the created learning content.  
 
With the implementation of the design principles of the digital collaborative platform, 
collaborators have a system with a clear structure that specifies how the learning 
materials should be created in order to counteract learners' uncertainty in the 
development of learning materials (DP01). In order to not put additional strain on 
learners' cognitive capacities (Caskurlu et al. 2020), unnecessary distractions should be 
avoided in the creation process (DP02). Additional media material and interaction 
opportunities should be provided to support learners so that sufficient reflection can 
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take place with the learning material (DP03). In order to promote exchange between 
the employees, a feedback function should support the discussion and thus increase the 
quality of the learning material (Ngoon et al. 2018) (DP04). In this context, the 
feedback is provided via elaborated elements in the co-creation system. (Weinert et al. 
Forthcoming) 
 
With the documentation and provision of knowledge in the form of situated work-
process-related learning material created by employees, a practical contribution is 
made. This makes informal knowledge from practice available to all employees in the 
form of work-process-related learning material (Spence and Reddy 2012). (Weinert et 
al. Forthcoming)  
 
A 360-degree interactive learning environment has been created for the structural 
representation of situated work-process-related learning material, which is conducive 
to the learning process as it enhances both learner motivation and performance. This 
practical contribution can provide a useful design framework for learning service 
providers. The first-time virtual interaction of learners with the work environment also 
represents a practical contribution. (Billert et al. Major Revision) 
 
Furthermore, I contribute to the creation of further systems in other production areas 
based on the co-creation system. The practical contribution lies in the provision of 
recommendations for the creation of a co-creation system with the aim of identifying 
problems and challenges in manufacturing. (Weinert et al. Forthcoming) 
 
A scalable version of the platform was introduced in 2021, which will be made 
available via a transfer center. With the scalable version, other companies and 
industries have the opportunity to create and customize their own instance of the co-
creation platform. This also represents a practical contribution. 

9.3 Overall Contribution 

The co-creation of citizen-initiated services and the co-creation of situated work-
process-related learning material share several common features, each of which makes 
an overall contribution to theory and practice.  
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9.3.1 Theoretical Implications 

Both cases contribute to theory with a three-step, systematic co-creation submission 
process to support individuals step-by-step in creating their own contributions using an 
innovative, multimedia approach. In contrast to existing approaches from literature and 
practice, individuals are actively and collaboratively involved with the implementation 
of the contributions from the beginning. In doing so, the design and knowledge of the 
co-creation system is used to support individuals in the co-creation process. The 
structured process description has a positive effect on the behavior of the individuals 
during the creation of contributions in that they are less distracted. In addition, the 
quality of contributions increases through the structured co-creation creation process, 
in contrast to existing free-form co-creation processes (Bovill 2020).  
 
Likewise, in both cases, the usage of structural empowerment as the highest level of 
participation of individuals with heterogeneous needs occurs through the 
implementation of the respective co-creation platform. Knowledge of the domain-
specific context is enhanced through the co-creation platform and prescriptive 
knowledge for the implementation of the co-creation platform through design 
principles is provided. This not only gives individuals more access to development and 
information, which also ensures higher decisions and actions (Spreitzer 2008), but also 
provides holistic transparency for all actors in the co-creation system. 
 
Co-creation platforms extend the existing knowledge base by providing a new 
approach to solving an existing problem (Gregor and Hevner 2013a) and creating an 
innovative artifact. The result of the co-creation platforms is a theory of design and 
action (Gregor and Jones 2007; Vaishnavi et al. 2004/17). Based on design knowledge, 
an explicit instantiation of the co-creation system is provided. In doing so, the design 
principles enable an analysis of real-world changes and the implications of the design 
decision to integrate the co-creation system into existing processes. In doing so, a 
contribution to theory is made both by the steps needed to overcome the challenge, 
based on the knowledge gained from the various development steps of the co-creation 
system, and with the improvement of a known class of problems by the co-creation 
system. 
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9.3.2  Practical Implications 

Providing concrete design principles to shape and develop the co-creation system by 
empowering individuals to create their own high-quality contribution constitutes a 
practical contribution. In the case of the public sector, this is done by creating their 
own services, and in the private sector by creating their own learning materials. In both 
cases, the implementation of the design principles primarily shows that the creation of 
high-quality contributions is done through a structured creation process as well as a 
feedback process. This differs from existing approaches in the literature and practice 
that are free-form and do not follow a structure (Bovill 2020).   
 
Also, one practical contribution is the co-creation system itself, which encourages 
innovative ideas within the organization and improves the environment through the 
experience of individuals (Lipusch et al. 2020). Considering individuals at different 
stages of the contribution development process (Voorberg et al. 2014), value is 
generated (Zwass 2011) through the needs of individual participants by creative 
collaboration in a social process (Roser et al. 2013). Co-creation differs from existing 
approaches in the literature and practice in that both organizational (top-down) and 
individual (bottom-up) expectations and concerns are equally considered in the co-
creation process from the outset and go beyond the generality of multilevel governance 
(Homsy et al. 2019). 
 
Another practical contribution is the provision of scalable versions of the co-creation 
platforms with the ability for each organization to create and customize its own 
instance. Both co-creation platforms were provided digitally as a white-label solution 
with step-by-step instructions for creation and customization. Unlike existing solutions 
in the literature and in practice, in both cases a scalable version of the co-creation 
system can ensure the operational implementation of a complex topic alongside 
functional feasibility and value generation (Nunamaker et al. 2015). 
 
Figure 50 gives an overview of the main contributions. 
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Figure 50:  Overview of the main contributions. 

Source: Own figure 

9.4 Limitations 
The results and research presented in this thesis also have limitations and restrictions, 
which are discussed in the following section. In the individual scientific contributions, 
the respective limitations have already been discussed in detail at the end of each 
contribution, which is why the following limitations refer to the thesis as a whole.  
 
Technological projects with innovative approaches often come up against conditions 
that are hostile to innovation, especially in cities and companies (Nam and Pardo 
2011a). These can be, for example, existing regulations of the existing structure of city 
administrations or companies that prevent new solutions from being successfully 
implemented (Olphert and Damodaran 2007a). The obstacles cannot be avoided, but 
compromises can be made regarding functionality and design. (Billert et al. Under 
Review)    
 
Furthermore, it is a challenge to keep the platforms alive and to activate the target 
group of the platform to always participate in the events in order to be able to 
guarantee regular operation (Bretschneider et al. 2018). (Billert et al. Under Review) 
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In both the public sector and the private sector, it is necessary to constantly incentivize 
the use of the co-creation platforms in order to constantly empower the users.     
 
In addition, success for users of the co-creation systems could have been increased 
with more reviews of the results, inclusion of others, and consideration of subsequent 
use of citizen-initiated services (Billert et al. Under Review) and learning materials 
created (Weinert et al. Forthcoming). 
 
Another limitation deals with the number of subjects to evaluate the co-creation 
system in the public sector (Billert et al. Under Review) and the private sector 
(Weinert et al. Forthcoming). Considering the number of citizens in the city 
(N>200,000), the number of users in the live setting (N=4,352) is relatively small. 
While the number of users is sufficient to evaluate the DPP, a larger number of users 
through a targeted marketing campaign by the city would have been more meaningful. 
Also, in the private sector, the number of employees to create learning contributions, 
evaluate the learning and qualification platform, and use the interactive 360-degree 
learning environment was small in relation to the possible total number. This was 
mainly due to the fact that the participation of the employees in the evaluation was on 
a voluntary basis. Nevertheless, the number was sufficient to evaluate the learning 
platform and learning environment.       
 
Despite the limitations in this dissertation, the dissertation offers important scholarly 
contributions to the IS literature as well as practical implications for creating co-
creation systems for the public and private sector. The results summarize how citizens 
and employees can be empowered to both systematically create and subsequently 
consume their own services/learning contributions. 

9.5 Future Research Implications 

The following section addresses the ideas for improvement and future research needs 
of the overall thesis, while the individual scientific contributions at the end of each 
chapter addresses the respective context in detail. Based on this section, researchers 
and interested parties are invited to extend existing findings or create entirely new 
approaches, concepts, and artifacts based on the findings of the dissertation. 
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9.5.1 Effects of Complex Issues and Satisfaction in the Co-Creation 
System 

The last-research mile (Nunamaker et al. 2015) was used to successfully test the 
functional feasibility (proof-of-concept), value generation (proof-of-value), and 
operational implementation of complex issues (proof-of-use) in the co-creation 
systems. The commissioning of the respective co-creation system covers the functional 
feasibility. The submitted contributions through the systematic submission process by 
the individuals generated value, and the provision of a white-label solution to adapt the 
co-creation systems represents a prerequisite for the operational implementation of 
complex issues. Future research could address what effects on individuals occur when 
complex issues are operationally implemented within the co-creation systems. White-
label solutions that can be digitally applied and adapted with structured instructions 
serve as the basis for implementation. In this context, future research can also test the 
satisfaction of all involved stakeholders with the adapted co-creation system in order 
to make further improvements in the co-creation system. 

9.5.2 Fulfilled Expectations in the Top-Down and Bottom-Up Approach 

Although co-creation platforms already exist in the private (Lipusch et al. 2020) as 
well as the public sector (Schmidthuber and Hilgers 2018) and individuals are 
considered as being in the center, in most cases the co-creation platforms are 
developed from a top-down approach. In conjunction with the co-creation platform, 
the combination of top-down and bottom-up approaches went beyond multilevel 
governance (Homsy et al. 2019) and involved all beneficiaries equally in the 
development process from the beginning. Future research could look at the efficiency 
and effectiveness of a combined top-down and bottom-up approach to co-creation and 
analyze which factors contribute to meeting the expectations of each user beneficiary. 

9.5.3 Impact of Decision-Making on Individuals and Psychological 
Empowerment 

With the participation spectrum to promote participation, five levels were developed to 
address public participation under the increasing influence of decision-making (IAP2 
International Federation 2014). In the co-creation system, the level of empowerment as 
well as the level of collaboration in development were mainly considered. However, 
the levels of informing, consulting, and involving are also part of the co-creation 
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system. Future research could look at how each level affects individuals and led to a 
decision in the co-creation system.  
 
In the co-creation system, structural empowerment was considered in that individuals 
had a greater opportunity to participate in development and thus also had greater 
freedom to participate in decisions and actions (Spreitzer 2008).  However, 
psychological empowerment is concerned with intrinsic motivation and individual 
experience (Conger and Kanungo 1988) and has not yet been measured in the co-
creation system. Future research could therefore address the subjective and individual 
interaction of individuals (Spreitzer 2008) in the co-creation system. 

9.5.4 Blockchain-based Crowdfunding and Crowdworking  

In order to be able to carry out the financing and implementation of user-initiated 
projects in a transparent, secure, and resource-efficient manner, future research should 
consider the use of blockchain-based smart contracts (Billert 2019).  In doing so, both 
transaction costs and interaction between individual actors are reduced, and proofs of 
qualification and status messages are provided transparently on the blockchain through 
self-executing, condition-, and event-driven contracts in a partially automated manner 
(Billert 2019). To use blockchain-based smart contracts for crowdfunding and 
crowdworking, the requirements of the project should first be clearly formulated for 
this purpose. Then, the project should be broken down into individual subcomponents 
in order to formalize them in the next step by specifying the conditions. Finally, the 
formalized subcomponents need to be transformed into contract-language constructs 
for the creation of a self-executing, condition-, and event-driven code. (Billert 2019) 
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Appendix A Design and Evaluation of a Digital Participation Platform 
for Citizen Empowerment 

Appendix A.1             Existing citizen participation and co-creation solutions 

Systematic Literature Research (SLR) on citizen participation and co-creation 

Following Vom Brocke et al. (2009b), Vom Brocke et al. (2015b) and Webster and 
Watson (2002b), I conducted two systematic literature reviews (SLRs) one on citizen 
participation and one on co-creation by defining the review scope (I), conceptualizing 
the topic (II), conducting the literature search (III), analyzing and synthesizing the 
literature (IV) and building the research agenda (V). First, I defined the review scope 
by using the taxonomy of literature reviews following Cooper (1988). The results are 
summarized in the appendix (see Table 25). Second, I conceptualize the topic by 
analyzing the terms “citizen participation” (see 6.4.5.2) and “co-creation” (6.4.5.4) in 
the information systems community. Third, I conducted the actual search process by 
doing a journal search within the Top-9 Information System Journals, a database 
search in six databases according to the journal search, a keyword search on citizen 
participation (“citizen participation AND platform AND design principles”) and co-
creation (“co-creation”) and finally a complete analysis of the 569 found papers. 
Figure 51 gives an overview of the process of the SLR on citizen participation and co-
creation and Figure 52 summarizes the numbers of all found papers within the 9 Top-
Journals of the Information Systems Community. Fourth, I analyzed and synthesized 
the literature by using six exclusion criteria as well as five defined decision criteria, 
which are based on established problem categories (PCs) founded in the literature and 
simultaneously are the basis for building a research agenda as the fifth item. 
 
The focus of our SLR is on digital platform applications. The goal includes 
summarizing and criticizing findings. The characteristic organization cannot be 
applied in our case. I espouse the position that previous digital platform applications 
have been insufficiently designed. The audience are practitioners who want to 
implement such an application purposefully. The coverage of our SLR is exhaustive 
with selective citation. I consider all relevant sources, but describing only a sample 
(Vom Brocke et al. 2009b). Table 25 summarizes the taxonomy of literature reviews 
according to Cooper (1988). 
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# Characteristic Categories 
1 focus research outcomes research methods theories applications 
2 goal integration criticism central issues 
3 organization historical conceptual methodological 
4 perspective neutral representation espousal of position 
5 audience specialized 

scholars 
general scholars practitioners/politicians general public 

6 coverage exhaustive exhaustive and 
selective 

representative central/pivotal 

Table 25: Taxonomy of literature reviews according to Cooper (1988). 
Source: Own table 

The journal search within the Top-9 Information System Journals includes Business & 
Information Engineering (BISE), European Journal of Information Systems (EJIS), 
Information Systems Journal (ISJ), Information Systems Research (ISR), Journal of 
the Association for Information Systems (JAIS), Journal of Information Technology 
(JIT), Journal of Management Information Systems (JMIS), Journal of Strategic 
Information Systems (JSIS) and Management Information Systems Quarterly (MISQ). 
The Top-9 Information System Journals were distributed across the following six 
databases: AISeL, EBSCO, Informs, Jstor, ProQuest, and ScienceDirect. Figure 51 
summarizes the process of the SLR on citizen participation and co-creation. 
 
The exclusion criteria for found papers on citizen participation and co-creation: 
 
Citizen participation 
 

• 1 - Does not address design principles solutions for citizen participation. 
 

• 2 - Does not address solutions for citizen participation or other themes that 
include citizen participation. 
 

• 3 - Citizen Participation is not one of the focus of the paper. 
 

• 4 - Citizen participation is not mentioned in the paper. 
 

• 5 - Citizen participation is mentioned but not elaborated on or discussed. 
 

• 6 - No full paper or duplication. 
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Co-Creation 
 

• 1 - Only mentions value co-creation in relation to service dominant logic. 
 

• 2 - Co-creation is not mentioned at all in the article. 
 

• 3 - Co-creation via platform is not the focus of the paper / mentioned as a future 
direction. 
 

• 4 - Does not address mechanisms or structures of co-creation via platform. 
 

• 5 - Co-creation is mentioned but not elaborated on or discussed. 
 

• 6 - No full paper or duplication.  

 

 
Figure 51:  Process of the SLR on citizen participation and co-creation. 

Source: Own figure  
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Figure 52:  Numbers of all found papers. 

Source: Own figure  
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# Authors Year Title Journal Problem Categories (PCs)
- Existing -

PC 1 PC 2 PC 3 PC 4 PC 5
1 Simonofski et al. 2018 Hearing the Voice of Citizens in Smart City Design: 

The CitiVoice
Framework

BISE

C
I
T
I
Z
E
N

P
A
R
T
I
C
I
P
A
T
I
O
N

2 Kahraman et al. 2007 Prioritization of e-Government strategies using a 
SWOT-AHP analysis: the case of Turkey

EJIS

3 Scott et al. 2016 Measuring eGovernment success: a public value 
approach

EJIS

4 Frisk et al. 2014 Design matters for decision makers: Discovering IT 
investment alternatives

EJIS

5 Gengatharen and
Standing

2005 A framework to assess the factors affecting success 
or failure of the implementation of government-
supported regional e-marketplaces for SMEs

EJIS

6 Madon 2005 Governance lessons from the experience of
telecentres in Kerala

EJIS

7 Sigala 2012 The impact of geocollaborative portals on
group decision making for trip planning

EJIS

8 Cui et al. 2016 Developing community capability for e‐commerce
development in rural China: A resource orchestration 

perspective

ISJ

9 Li et al. 2016 Poverty alleviation through government‐led
e‐commerce development in rural China: An activity 

theory perspective

ISJ

10 Phang et al. 2015 What Motivates Contributors vs. Lurkers? An 
Investigation of Online Feedback Forums

ISR

11 Hsu 2011 Hyper-Networking of Customers, Providers, and 
Resources Drives New Service Business Designs: e-

Commerceand Beyond

ISR

12 Alam and Campbell 2017 Temporal Motivations of Volunteers to Participate in
Cultural Crowdsourcing Work

ISR

13 Bauer et al. 2016 Intellectual Property Norms in Online Communities: 
How User-Organized Intellectual Property Regulation 

Supports Innovation

ISR

14 Constantinides et al. 2018 Introduction—Platforms and Infrastructures in the 
Digital Age

ISR

15 Guo et al. 2020 Understanding Content Contribution Behavior in a
Geosegmented Mobile Virtual Community: The 

Context of Waze

ISR

16 Lim et al. 2012 Advancing Public Trust Relationships in Electronic
Government: The Singapore E-Filing Journey

ISR

17 Olphert and
Damodaran

2007 Citizen Participation and engagement in the Design 
of e-Government Services:

The Missing Link in Effective ICT Design and Delivery

JAIS

18 Lukyanenko and
Parsons

2020 Research Perspectives:
Design Theory Indeterminacy: What Is it, How Can it 
Be Reduced, and Why Did the Polar Bear Drown?

JAIS

19 Han et al. 2020 Leveraging the Wisdom of the Crowd to Address 
Societal Challenges: Revisiting the Knowledge 
Reuse for Innovation Process through Analytics

JAIS

20 Østerlund et al. 2020 Building an Apparatus: Refractive, Reflective, and 
Diffractive Readings of Trace Data

JAIS

21 Avgerouet al. 2019 Trusting e-voting amid experiences
of electoral malpractice: The case of

Indian elections

JIT

22 Cordella 2007 E-government: towards the
e-bureaucratic form?

JIT

23 Smith 2011 Limitations to building institutional
trustworthiness through e-government:
a comparative study of two e-services

in Chile

JIT

24 Marshall et al. 1995 Making Large-Scale Information
Resources Serve Communities of Practice

JMIS

25 Marjanovic and
Cecez-Kecmanovic

2017 Exploring the tension between transparency and 
datification

effects of open government IS through the lens of 
ComplexAdaptive Systems

JSIS

26 Aanestad and
Jensen

2011 Building nation-wide information infrastructures in 
healthcare through modular implementation

strategies

JSIS

27 Spagnoletti et al. 2015 Design for social media engagement: Insights from 
elderly care assistance

JSIS

28 Chaturvedi et al. 2011 Design Principles for Virtual Worlds MISQ

29 Ketter et al. 2016 A Multiagent Competitive Gaming Platform to 
Address societal challenges

MISQ

30 Tan et al. 2013 IT-Mediated Customer Service Content and Delivery 
in Electronic Governments: An Empirical Investigation 

of the Antecedents of Service Quality

MISQ
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Figure 53:  All analyzed paper-based solutions with existing Problem Categories (PCs). 

Source: Own figure  

# Authors Year Title Journal Problem Categories (PCs)
- Existing -

PC 1 PC 2 PC 3 PC 4 PC 5

C
O
-
C
R
E
A
T
I
O
N

31 Beverungenet al 2018 Recombinant Service Systems Engineering BISE

32 Lipuschet al 2020 Designing for Crowdfunding Co-creation. How to 
Leverage the Potential of Backers for Product 

Development.

BISE

33 Troll et al 2019 Why Incorporating a Platform-Intermediary can 
Increase Crowdsourcees' Engagement

BISE

34 Turetken et al 2019 Service-Dominant 
BusinessModelDesignforDigitalInnovation

in SmartMobility

BISE

35 Bretschneider et al 2017 Keep them alive! Design and Evaluation of the 
"Community Fostering Reference Model"

BISE

36 Huber 2017 Methodology and Tool Support for Adaptive Idea 
Exploitation in Open Innovation

BISE

37 Ciriello and Richter 2019 Scenario-Based Design Theorizing BISE

38 Busquets 2010 Orchestrating Smart Business Network
dynamics for innovation

EJIS

39 Erat et al. 2006 Business customer communities and
knowledge sharing: exploratory study

of critical issues

EJIS

40 Feller et al. 2011 Open innovation and public administration:
transformational typologies and business model 

impacts

EJIS

41 Wilkin et al. 2013 Creating value through governing
IT deployment in a public/private-sector

inter-organisational context: a human
agency perspective

EJIS

42 Giesbrecht et al. 2017 Service encounter thinklets: how to empower service 
agents to put value co-creation into practice

ISJ

43 Giessmannand
Legner

2016 Designing business models for cloud
platforms

ISJ

44 Kendall et al. 2020 The Third Design Space: A postcolonial
perspective on corporate engagement with open

source software communities

ISJ

45 Payton 2016 Cultures of participation—for students, by
students

ISJ

46 Fayard et al. 2016 Framing Innovation Opportunities While Staying
Committed to an Organizational Epistemic Stance

ISR

47 Germonprez et al. 2017 A Theory of Responsive Design: A Field Study of 
Corporate Engagement with Open Source 

Communities

ISR

48 Huber et al. 2017 Governance Practices in Platform Ecosystems: 
Navigating Tensions Between Cocreated Value and

Governance Costs

ISR

49 Lukyanenko et al. 2017 Representing Crowd Knowledge: Guidelines for
Conceptual Modeling of User generated Content

JAIS

50 De Reuver et al. 2018 The digital platform: a research agenda JIT

51 Lempinen and 
Rajala

2014 Exploring multi-actor value creation
in IT service processes

JIT

52 Nicolescuet al. 2018 Mapping the values of IoT JIT

53 Schlagwein et al. 2017 ‘‘Openness’’ with and without Information
Technology: a framework and a brief

history

JIT

54 Spagnoletti et al. 2015 A design theory for digital platforms
supporting online communities: a multiple

case study

JIT

55 Zuchowski et al. 2016 Internal crowdsourcing: conceptual
framework, structured review, and

research agenda

JIT

56 Füller et al. 2014 User Roles and Contributions in
Innovation-Contest Communities

JMIS

57 Tavakoli et al. 2017 Open strategy: Literature review, re-analysis of cases 
and conceptualisation as a practice

JSIS

58 Majchrzak and
Malhotra

2013 Towards an information systems perspective and 
research

agenda on crowdsourcing for innovation

JSIS

59 Grover and Kohli 2012 Cocreating IT Value: New Capabilities and Metrics for 
Multifirm Environments

MISQ

60 Kohler et al. 2011 Co-Creation in Virtual Worlds: The Design of the User 
Epxerience

MISQ

61 Majchrzak et al. 2013 The Impact of Shaping on Knowledge Reuse for 
Organizational Improvement with Wikis

MISQ

62 Wang 2021 Conecting the parts with the whole: Toward an 
information ecology theory of digital innovation 

exosystems

MISQ
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Systematic Practice Search (SPS) on citizen participation and co-creation 

 
In order to also analyze practice-based solutions for citizen participation and co-
creation, I have applied the procedure from SLR to practice. In this paper, I call it 
systematic practice search (SPS). The applied phases of defining the review scope (I) 
and conceptualizing the topic (II) as well as analyzing and synthesizing the practical 
solutions (IV) and building the research agenda (V) are identical to the SLRs. In 
conducting the practice search (III), I used the search machines Bing, DuckDuckGo, 
and Google with their databases. In the keyword search, I sometimes had to filter for 
digital and/or online applications due to the large number of hits. Figure 54 contains 
the process of the SPS on citizen participation and co-creation. All analyzed practice-
based solutions with existing PCs are summarized in Figure 55. 

 
Figure 54:  Process of the SPS on citizen participation and co-creation. 

Source: Own figure  
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# Title Year Problem Categories (PCs)
- Existing -

PC 1 PC 2 PC 3 PC 4 PC 5

C
I
T
I
Z
E
N

P
A
R
T
I
C
I
P
A
T
I
O
N

1 Bürgerhaushalt - Citizen Budget 2017

2 World Wide Views on Climate
Change/Weltweite Ansichten zum 

Klimawandel

2008

3 Europäische Bürgerkonferenzen 2009 2009

4 »Demokratie geht nur miteinander« 2017

5 Internetportale zu Engagement in NRW 2007

6 Rückenwind von unten 2019

7 Consul 2006

8 „Stärkung der Bürgerbeteiligung an 
demokratischen Entscheidungen in der 

Ukraine“

2021

9 #HoldenOberbürgermeister 2017

10 Civic Innovation Platform! 2020

11 FULDAbistDu 2012

12 BürgerForum 2011 - Lindau 2011

13 Das Beteiligungsverfahren zum WDR-
Gesetz

2015

14 Die lernende Stadt 2012

15 Bürgerhaushalt Monheim 2012

16 Bürgerhaushalt Darmstadt 2012 2012

17 Geschlechtersensibler Beteiligungshaushalt 
Freiburg

2007

18 Bürgerhaushalt Berlin-Lichtenberg 2005

19 Maerker Brandenburg 2009

20 Bürgerhaushalt Bonn - Bonn packt's an 2011

21 Bürgerhaushalt Hamburg 2009

22 Bürgerdialog Flughafen Berlin Tempelhof 2007

23 Nachhaltigkeitsstrategie Baden-Württemberg 2007

24 Mitreden-U: Umweltdialog zur deutschen 
Nachhaltigkeitsstrategie

2010

25 Zukunft Stadionbad Bremen 2004
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Figure 55:  All analyzed practice-based solutions with existing PCs. 

Source: Own figure  

# Title Year Problem Categories (PCs)
- Existing -

PC 1 PC 2 PC 3 PC 4 PC 5

C
I
T
I
Z
E
N 

P
A
R
T
I
C
I
P
A
T
I
O
N

26 Bürgerdialog „Living Bridge Hamburg“ 2007

27 Neugestaltung des Hamburger Domplatzes 2007

28 DAN geht's an! Zukunft gemeinsam 
gestalten

2012

29 Wohnumfeldgestaltung „Hohes Feld“ 
Wennigsen

2011

30 Bürgerhaushalt Essen 2011

31 Aufbruch Bayern 2010

32 Solingen participatory budget - Solingen 
saves!

2010

33 Essen soll leiser werden 2009

34 Online Konsultation zum Dienstrecht, 
Niedersachsen

2008

35 Dresdner Debatte 2010

36 Zusammenleben in Berlin 2008

37 Ask Bristol 2005

C
O
-
C
R
E
A
T
I
O
N

38 Unilever – Open Innovation 2010

39 Co-Create IKEA 2018

40 Lego Ideas 2004

41 Heineken 2012

42 DHL Insights and Innovation 2007

43 G-Win Worldwide innovation 2007

44 Made.com TalentLab 2017

45 ISPO Open Innovation Platform 2021

46 TM Forum's Catalyst platform 1988

47 Remesh 2019

48 Dscout 2011

49 Mindsumo 2011

50 SAPiens 2014
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Description of “top three” solutions, their differences and shortcomings 
 
This part first describes all analyzed solutions, starting with solutions on citizen 
participation and following up with solutions on co-creation. It then points out 
differences and shortcomings of existing solutions revealed through their analyses. 
 
Citizen participation 
 
In their paper, Olphert and Damodaran (2007b) present a socio-technical participatory 
ICT system for e-government. The system fully addresses incentives through design 
and media attention (100% match) as well as the collection of citizens’ input and 
opinions (100% match). The authors slightly discuss the possibility (motivation) to 
give feedback (25% match). But, they do raise the aspect of involvement in decision-
making (75% match) and the system's focus on transparency and democracy (75% 
match).  
 
Lukyanenko and Parsons (2020) are using a design theory as a basis for building an IT 
artefact for practitioners. They highly address incentives through design / media 
attention (75% match) and the collection of citizens’ input and opinions (75% match). 
The authors also concern about the possibility (motivation) to give feedback (50% 
match) and the involvement in decision-making (50% match). However, they don’t 
focus on transparency and democracy (25% match). 
 
In the study of Marjanovic and Cecez-Kecmanovic (2017), open data is used for 
identifying datification patterns in order to regulate the usage, interpretation and 
transparency of open data by many users. The consideration of the problem categories 
is as follows: incentives through design / media attention (25% match), the collection 
of citizens’ input and opinions (25% match), the possibility (motivation) to give 
feedback (75% match) and the involvement in decision-making (75% match) and the 
focus on transparency and democracy (100% match). 
 
The practical solution CONSUL is an open-source digital platform for citizen 
proposals with focus on a transparent and democratic government. Therefore, 
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incentives through design / media attention, the collection of citizens’ input and 
opinions, the possibility (motivation) to give feedback, and the focus on transparency 
and democracy are completely covered (100% match). Whereas, the involvement in 
decision-making processes depends on the respective institution, which is why it is not 
fully addressed (50%).  
 
With Holdenoberbuergermeister.de, citizen can use a web-based portal for submitting 
own ideas. The higher the number of votes, the greater the probability that the mayor 
will visit the project initiator. The first three problem categories (incentives through 
design / media attention, the collection of citizens’ input and opinions, the possibility 
(motivation) to give feedback) apply completely with 100% match. The last two 
problem categories apply only in part, as the involvement in the decision-making 
process is not evident (50% match), nor is the transparency during the voting process 
(50% match).  
 
Civic Innovation is a digital platform, which brings actors together, who have ideas 
and who have the expertise for implementing the ideas. There is a 100% match with 
incentives through design / media attention, the collection of citizens’ input and 
opinions, the possibility (motivation) to give feedback as well as the focus on 
transparency and democracy. Only the involvement in decision-making process is 50% 
match due to lack of information. 
 
Co-Creation 
 
In the study of Payton (2016), the MyHealthImpactNetwork.org initiative, which is 
based on the Co-Creation-Theory, is aiming at the provision of user experience for 
black female students. The consideration of the problem categories is as follows: 
incentives through design / media attention (75% match), the collection of citizens’ 
input and opinions (50% match), the possibility (motivation) to give feedback (50% 
match), the involvement in decision-making (50% match) and the focus on 
transparency and democracy (0% match). 
 
Lukyanenko et al. (2017) analyses online user-generated content (UGC) in order to 
give modeling guidelines for developing such systems. Regarding the problem 
categories, incentives through design / media attention match 50%, the collection of 
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citizens’ input and opinions match 75%, the possibility (motivation) to give feedback 
match 50% as well as the involvement in decision-making (50% match) and the focus 
on transparency and democracy match 0%. 
 
In their paper, Tavakoli et al. (2017) analyses the co-creation approach within Austrian 
Automation Supplier, Daimler, HypoVereinsbank, IBM, Premium Cola, Red Hat and 
Wikimedia Foundation. Overall, the following could be determined: incentives 
through design / media attention (0% match), the collection of citizens’ input and 
opinions (25% match), the possibility (motivation) to give feedback (25% match) and 
the involvement in decision-making (75% match) and the focus on transparency and 
democracy (100% match). 
 
On the co-creation platform Lego Ideas, fans have the possibility to share their Lego 
Set Ideas in a proposal. Highly coordinated ideas are considered in detail by a jury and 
can be implemented. The consideration of the problem categories is as follows: 
incentives through design / media attention (75% match), the collection of citizens’ 
input and opinions (75% match), the possibility (motivation) to give feedback (75% 
match) and the involvement in decision-making (75% match) and the focus on 
transparency and democracy (50% match). 
 
Within the e-retail furniture Made.com, designer can create own ideas, whereas 
customers can vote on existing ideas in order to have the possibility to determine the 
next product. Regarding the problem categories, incentives through design / media 
attention match 75%, the collection of citizens’ input and opinions match 75%, the 
possibility (motivation) to give feedback match 100%, the involvement in decision-
making match 50% match and the focus on transparency and democracy match 50% as 
well. 
 
SAPiens is an idea community for strengthen SAP stakeholders and connecting the 
community to the innovation management process at SAP. Overall, the following 
could be determined: incentives through design / media attention (75% match), the 
collection of citizens’ input and opinions (75% match), the possibility (motivation) to 
give feedback (75% match) and the involvement in decision-making (50% match) and 
the focus on transparency and democracy (50% match). 
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Discussion of differences and shortcomings of existing solutions 
 
I also analyzed the solutions regarding structural and psychological empowerment. In 
doing so, I found that in the literature, only Olphert and Damodaran (2007b) and 
Payton (2016) partially as well as Marjanovic and Cecez-Kecmanovic (2017) 
addressed empowerment with possible structural changes or intrinsic motivational 
aspects of individuals and on individual experiences. This also applies to the practical 
solutions. Olphert and Damodaran (2007b) understand empowerment as the use of 
tools to improve leadership as well as communication between different stakeholders 
and to facilitate processes. While Payton (2016) empower individuals by letting them 
know that their responses were valued in the user experience design process, 
Marjanovic and Cecez-Kecmanovic (2017) use a legitimate data access for 
empowering as a motivation for individuals. 
 
An important aspect is empowering citizens through incentive mechanisms, including 
design elements. Olphert and Damodaran (2007b) present the development of socio-
technical ICT systems by engaging citizens in the development process. However, 
diverse citizens often don’t accept the invitation to participate. Therefore, it is 
important to empower all citizens with their needs by design and the consideration of 
psychological empowerment. This is also applicable for Lukyanenko and Parsons 
(2020), who tends to consider a holistic organizational perspective. Whereas Payton 
(2016) concentrate on the design for the diverse populations by providing mechanisms 
to engage them, the structural empowerment for changes in the institution is missing. 
The practical solution CONSUL involved citizens in the development process, but was 
developed from the ground up as a tool for city administrations. Which also applies to 
civic Innovation Platform. Holdenoberbuergermeister 's design focuses on 
incentivizing citizens, but also serves as a tool for city administration with the goal of 
establishing the mayor among the population. Lego Ideas, Made.com and SAPiens are 
co-creations solutions for users, which create incentives through design, but are 
primarily developed for the respective institution. 
 
Both papers (Olphert and Damodaran 2007b; Lukyanenko and Parsons 2020; 
Lukyanenko et al. 2017) as well as all practical solutions (CONSUL, 
Holdenoberbuergermeister, Civic Innovation Platform, Lego Ideas, Made.com, 
SAPiens) address the collection of citizen content. However, they do not show how the 
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collection of citizen content is done. Olphert and Damodaran (2007b) emphasizes 
using the creativity and imagination and knowledge of citizens to create opportunities, 
but does not address how citizen input should be structured and targeted in order to 
reach that goal. As a result, there is a lack of a structured creation and submission 
process for citizen-initiated content. While Lukyanenko and Parsons (2020) address 
the issue of structuring content for citizens via the surface elements of a system, 
Lukyanenko et al. (2017) focus on the conceptual modeling of user-generated content. 
However, both refers to individual functions rather than the actual submission process.  
 
Although current papers intensively address the aspect of giving feedback for 
motivation (Marjanovic and Cecez-Kecmanovic 2017) as well as practical solutions 
(CONSUL, Holdenoberbuergermeister, Civic Innovation Platform, Lego Ideas, 
Made.com, SAPiens), they do not include whether citizens receive feedback on the 
current step for ensuring clarity. Marjanovic and Cecez-Kecmanovic (2017) mentions 
stable feedback loops as an important system component to regulate the system. 
However, the importance of individual feedback for citizens is not addressed. This is 
also important in terms of involving citizens in decision-making processes (Olphert 
and Damodaran 2007b; Marjanovic and Cecez-Kecmanovic 2017; Tavakoli et al. 
2017) for guaranteeing high-quality services (Lego Ideas). Thereby, Marjanovic and 
Cecez-Kecmanovic (2017) focus on decision makers from an organization. Whereas, 
Olphert and Damodaran (2007b) set a focus on citizens but does not clarify the 
interaction between institutions and citizens as equal parties. Tavakoli et al. (2017) 
goes one step further here and referred to the institution's involving of stakeholders as 
democratic decision making, however the institution still has the final decision making 
power. 
 
Different channels and devices should also be taken into account to ensure a 
transparent and democratic process (Olphert and Damodaran 2007b; Marjanovic and 
Cecez-Kecmanovic 2017) (CONSUL, Civic Innovation Platform). Therefore, 
Marjanovic and Cecez-Kecmanovic (2017) used datafication effects and open 
performance data for analyzing the tension of transparency. However, they do not 
address the democratic aspect. In contrast to Olphert and Damodaran (2007b), who 
focus only on democracy. Especially in this case, it is particularly important to monitor 
the activities (Tavakoli et al. 2017; Marjanovic and Cecez-Kecmanovic 2017; Olphert 
and Damodaran 2007b) also to subject the digital participation and co-creation 
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platform to a continuous improvement process. Tavakoli et al. (2017) describes that 
the sequence of activities with particular outcomes as an open strategy from a process 
view and the focus on practices with coherent patterns of activities in a holistic 
perspective from a practice view. The perspectives do not take into account the 
diversity of stakeholders, which plays a crucial role for citizens and the city 
administration. 
 
Appendix A.2             Mapping of evaluation strategies and evaluation episodes to the 
iterations 

 
Figure 56:  Mapping of evaluation strategies and evaluation episodes to the iterations by 

using FEDS (Venable et al. 2016a) for evaluating the DPP. 
Source: Own figure  

 
 
 
Appendix A.3             The three iterations of the DPP 

Iteration 1 of the DPP 

Within the first iteration, requirements are elicited from both the existing knowledge 
base and the environment. For the former, literature on citizen participation, 
empowerment and co-creation platform is used. For the latter, two requirements 
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elicitation workshops have been conducted. The first workshop (N=6) was with 
participants from the city administration in order to integrate their experiences (top-
down). The second workshop (N=12) was a workshop with citizens (bottom-up). The 
following DRs could be elicited: 
 

• DR01 - Service project submission should be as fast and easy as possible. 
 

• DR02 - The platform should guide citizens through all steps in a 
comprehensible manner. 
 

• DR03 - Public data should be provided to citizens by using open data 
applications.  
 

• DR04 - During submission of service projects, main beneficiaries, needed 
resources and expected outcomes should be defined. 
 

• DR05 - Service project overviews should incorporate user-activating media 
formats (not text-only). 
 

• DR06 - The platform should be accessible via all commonly used channels and 
devices. 
 

• DR07 - Before publication of the submitted service projects, a final check 
should be performed, e.g., to avoid illegal content. 
 

• DR08 - Duration and conditions for the open voting process should be clearly 
defined and communicated. 
 

• DR09 - The current voting results for all submitted service projects should be 
transparent. 
 

• DR10 - The platform should provide channels and processes for stakeholder-
adequate feedback and updates. 
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• DR11 - Usage of the platform should be monitored. 

Based on these design requirements, a five-phase paper-based prototype of the DPP 
could be designed. A first evaluation workshop was conducted with 12 experts of the 
application domain, e.g., practitioners and representatives from the city administration 
who are experts in citizen participation. In the evaluation of this first iteration, I use an 
artificial and formative evaluation for the human risk & effectiveness strategy and the 
technical risk & efficacy strategy to check the structure, the procedure, as well as the 
social and user-oriented perspective at an early stage.  
 
As a result of iteration 1, a paper-based DPP prototype could be designed and 
evaluated. Furthermore, the validated design requirements are provided back to the 
knowledge base and environment via the rigor, respectively the relevance cycle. 
Further evaluation insights such as the fact that five steps for the submission process 
might be too much, could be used as input for the following iteration. 
 

Iteration 2 of the DPP 

In the second iteration, the inputs from the first iteration could be used, i.e., the paper-
based prototype as well as the insights and validated design requirements from the 
evaluation workshop. Using the framework of Chandra et al. (2015) for formulating 
design principles and thereby respecting the user activity and different roles of 
involved actors (Gregor et al. 2020b), five design principles could be derived. The 
derivation process of the DPs can be found as well as the overview of the derived DRs 
(see Figure 57). These design principles were then validated in another workshop with 
citizens (N=27). The validated DPs are as follows: 
 

• DP01 - For structural orientation and processual clarity, provide easy-to-follow, 
step-by-step processes as well as corresponding measures for ensuring clarity 
about the current process stage. 
 

• DP02 - For high content quality of service project submissions and their 
release, provide structural, “guiding“ elements, as well as publicly available 
resources that empower citizens to provide “rich“, compelling and attractive 
presentations of their suggested service projects. 
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• DP03 - For adequately respecting diversity as well as heterogeneous needs and 

preferences of all citizens, enable accessibility via corresponding channels and 
devices.  
 

• DP04 - For implementing fairness and democratic principles by-design, ensure 
transparency of each competition (period) and its results. 
 

• DP05 - For continuously improving the platform and its user experience, 
implement measures for activity and data monitoring as well as regular and 
event-based feedback and adjustment procedures. 

Furthermore and building on these design principles, the paper-based DPP prototype 
was further developed to a digital DPP prototype after deriving design features (DFs) 
according to Meth et al. (2015). After integrating these design features in the current 
prototype, another citizen workshop (N=25) was conducted in order to improve 
usability of the DPP by different analysis elements and techniques (e.g., think-aloud). 
As one exemplary refinement compared to iteration 1, the submission process of the 
DPP consists now of three steps instead of five steps before. In the second iteration I 
use an artificial and summative evaluation for the technical risk & efficacy strategy to 
proof the effectiveness of the evaluation process itself (Venable et al. 2016a) for 
assessing the developed digital platform-based prototype. Furthermore, I have gained 
further insights for optimizing the design and usability, e.g., new layout for the 
drawing environment, i.e., a new layout of the drawing environment functions, such as 
image upload in a second evaluation workshop (N=8) based on the digital DPP 
prototype. To further strengthen the evaluation efforts and the artifact’s utility, this 
was complemented by a friendly user test (N=6), another usability test (N=4), and a 
third evaluation workshop (N=33). For these evaluation efforts I used a naturalistic 
and formative evaluation for the human risk & effectiveness strategy for analyzing the 
outcome of the process in a real environment (Venable et al. 2016a).  
 
As a result of iteration 2, a digital DPP prototype could be designed and evaluated. 
The validated design principles are provided back to the knowledge base and 
environment via the rigor, respectively the relevance cycle. Further evaluation insights 
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such as the think-aloud-protocols or usability issues such as a new functionality of the 
drawing environment are used to inform the third iteration. 
 

Iteration 3 of the DPP 

In the third iteration, the inputs from the first and second iteration could be used, i.e., 
the current digital DPP prototype as well as insights on usability issues and the 
validated design requirements and principles. Drawing from all these inputs 16 DFs 
could be derived that are implemented in the final DPP. The 16 DFs are as follows: 
 

• DF01 - 3-step submission process consisting of description, visualization, and 
solution presentation of the service project (see DF6-9). 
 

• DF02 - Project overview of all submitted and released projects. 
 

• DF03 - A (geographical) project map complementing the project overview.  
 

• DF04 - Service project-specific summary with an overview of the description, 
visualization, and solution presentation. 
 

• DF05 - Provide updates on the current competition to service project 
submitters, voters, and platform users. 
 

• DF06 - Description of service projects including core elements by short textual 
descriptions (5 questions) and tags. 
 

• DF07 - Provide open data to position the service project on a geographical map. 
 

• DF08 - Visualization of service projects to present the service project’s 
intended procedure and outcome as consistently and unambiguously as 
possible. 
 

• DF09 - Solution presentation (elevator pitch) as a contemporary form to convey 
the importance and personal conviction for the service project. 
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• DF10 - Voluntary choice of citizens to disclose either their real name, define a 

username, or stay anonymous. 
 

• DF11 - Acceptance of general terms and conditions as well as the platform’s 
code of conduct. 
 

• DF12 - Dissemination of news and updates regarding competitions and service 
projects on the platform as well as various (social media) channels. 
 

• DF13 - Open voting by citizens for submitted projects. 
 

• DF14 - Citizens are restricted to cast one vote maximum for a specific service 
project. 
 

• DF15 - Fast review of submitted service projects, leading either to release 
feedback-supported rejection of the service project. 
 

• DF16 - Recording of all activities on the platform through a web analytics tool. 

 
To further fine-tune the DPP, three workshops were conducted to prepare for the go-
live. They aimed at technology and design specification and interfaces (workshop 
“tech&design”; N=6), content, campaign, and marketing (workshop “marketing”; 
N=4), and testing and performance (workshop “test”; N=10). 
 
As a result of iteration 3, the “final”, go-live DPP could be designed and evaluated. It 
was launched on 19 August 2019. For the evaluation, I again combine the human risk 
& effectiveness strategy and the technical risk & efficacy strategy, and conduct a 
naturalistic and summative evaluation for testing the effect of the platform with real 
users in a real-environment, live-test setting (N=4,352).  
 
Next to the DPP itself validated DRs, DPs and DFs can be regarded as major result 
and contribution of this research. This is because in accordance with Larsen et al. 
(2020), demonstrating the validity of the research process and its outcomes is an 
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important aspect of DSR. Validity in DSR is defined as: “formalized procedures for 
justifying arguments and conclusions of a research study involving the design, 
development and/or evaluation of IT artifacts to solve identified problems” (Larsen et 
al. 2020, p.5). Based on this definition and our problem solution, instantiating DFs 
from DPs is used for validation. The overview of all DRs, DPs and DFs of the DPP is 
depicted in the following Figure 57: 
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Figure 57:  Mapping of DPP design requirements (DRs) to design principles (DPs) and 

design features (DFs). 
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Source: Own figure  

Appendix A.4             Derivation and creation of the DPs and DFs of the DPP 

The 5 DPs of the DPP 

The creation process of the DPs 
 
Based on service project submission should be as fast and easy as possible (DR1), the 
platform should guide citizens through all steps in a comprehensible manner (DR2), 
and service project overviews should incorporate user-activating media formats (not 
text-only) (DR5), I derived for structural orientation and processual clarity, provide 
easy-to-follow, step-by-step processes as well as corresponding measures for ensuring 
clarity about the current process stage (DP1). 
 
The platform should guide citizens through all steps in a comprehensible manner 
(DR2), public data should be provided to citizens by using open data applications 
(DR3) and during submission of service projects, main beneficiaries, needed resources 
and expected outcomes should be defined (DR4), I created for high content quality of 
service project submissions and their release, provide structural, “guiding“ elements, 
as well as publicly available resources that empower citizens to provide “rich“, 
compelling and attractive presentations of their suggested service projects (DP2). 
 
By combining service project overviews should incorporate user-activating media 
formats (not text-only) (DR5), the platform should be accessible via all commonly 
used channels and devices (DR6) and the platform should provide channels and 
processes for stakeholder-adequate feedback and updates (DR10), I received for 
adequately respecting diversity as well as heterogeneous needs and preferences of all 
citizens, enable accessibility via corresponding channels and devices (DP3). 
 
The combination of before publication of the submitted service projects, a final check 
should be performed, e.g., to avoid illegal content (DR7), duration and conditions for 
the open voting process should be clearly defined and communicated (DR8) and the 
current voting results for all submitted service projects should be transparent (DR9) 
resulted in for implementing fairness and democratic principles by-design, ensure 
transparency of each competition (period) and its results (DP4). 
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The platform should provide channels and processes for stakeholder-adequate 
feedback and updates (DR10) and usage of the platform should be monitored (DR11) 
are combined for continuously improving the platform and its user experience, 
implement measures for activity and data monitoring as well as regular and event-
based feedback and adjustment procedures (DP5). 
 

The 12 DFs of the DPP 

The creation process of the DFs 
For structural orientation and processual clarity, provide easy-to-follow, step-by-step 
processes as well as corresponding measures for ensuring clarity about the current 
process stage (DP1), I created 3-step submission process consisting of description, 
visualization, and solution presentation of the service project (see DF6-9) (DF1), 
project overview of all submitted and released projects (DF2), a (geographical) project 
map complementing the project overview (DF3), service project-specific summary 
with an overview of the description, visualization, and solution presentation (DF4), 
provide updates on the current competition to service project submitters, voters, and 
platform users (DF5), description of service projects including core elements by short 
textual descriptions (5 questions) and tags (DF6), provide open data to position the 
service project on a geographical map (DF7), visualization of service projects to 
present the service project’s intended procedure and outcome as consistently and 
unambiguously as possible (DF8), solution presentation (elevator pitch) as a 
contemporary form to convey the importance and personal conviction for the service 
project (DF9), dissemination of news and updates regarding competitions and service 
projects on the platform as well as various (social media) channels (DF12), fast review 
of submitted service projects, leading either to release feedback-supported rejection of 
the service project (DF15). 
 
For high content quality of service project submissions and their release, provide 
structural, “guiding“ elements, as well as publicly available resources that empower 
citizens to provide “rich“, compelling and attractive presentations of their suggested 
service projects (DP2), I created description of service projects including core 
elements by short textual descriptions (5 questions) and tags (DF6), provide open data 
to position the service project on a geographical map (DF7), visualization of service 
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projects to present the service project’s intended procedure and outcome as 
consistently and unambiguously as possible (DF8), solution presentation (elevator 
pitch) as a contemporary form to convey the importance and personal conviction for 
the service project (DF9).  
 
For adequately respecting diversity as well as heterogeneous needs and preferences of 
all citizens, enable accessibility via corresponding channels and devices (DP3), I 
created description of service projects including core elements by short textual 
descriptions (5 questions) and tags (DF6), provide open data to position the service 
project on a geographical map (DF7), visualization of service projects to present the 
service project’s intended procedure and outcome as consistently and unambiguously 
as possible (DF8), solution presentation (elevator pitch) as a contemporary form to 
convey the importance and personal conviction for the service project (DF9), 
voluntary choice of citizens to disclose either their real name, define a username, or 
stay anonymous (DF10). 
 
For implementing fairness and democratic principles by-design, ensure transparency of 
each competition (period) and its results (DP4), I created acceptance of general terms 
and conditions as well as the platform’s code of conduct (DF11), dissemination of 
news and updates regarding competitions and service projects on the platform as well 
as various (social media) channels (DF12), open voting by citizens for submitted 
projects (DF13), citizens are restricted to cast one vote maximum for a specific service 
project (DF14). 
 
For continuously improving the platform and its user experience, implement measures 
for activity and data monitoring as well as regular and event-based feedback and 
adjustment procedures (DP5), I created fast review of submitted service projects, 
leading either to release feedback-supported rejection of the service project (DF15), 
recording of all activities on the platform through a web analytics tool (DF16). 
 
Appendix A.5             Measured effects of the DPP 

The following section contains all 16 implemented design features combined with 
quantitative measurements of the individual components and interactions of citizens as 
well as employees of the city administration. The data was captured by Matomo, 
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which is an open web analytics tool for tracking interaction and behavior on digital 
platforms. During the four-month voting period in 2019, 4,352 unique citizens were 
recorded. The results include heatmaps, session recordings, behavior, and interaction 
of citizens, which match and contribute to the defined design requirements (DP1 – 
DP5) and implemented design features (DF1 – DF16).  
 
With the submission of contributions by citizens (bottom-up – DF1) and the approval 
by city administration (top-down – DF15), the two approaches are not only combined 
but also the public vote (DF13) anchors them in a democratic process that is described 
as "lived" democracy. 
 
Quantitative data of the four-month voting period 
 
During the four-month period, the interaction of 4,352 unique citizens on the DPP was 
registered. A total of 5,121 visits with 22,804 pageviews were registered of which 
14,840 were unique pageviews. The average visitor time of 3 minutes 42 seconds is 
well above average, and only 34% left the platform after the first page. Per visit 4.7 
seconds of actions, e.g., pageviews, were performed. Out of 2,151 visitors who were 
on a single project, 21% felt addressed and decided to click on the button "Vote" or 
"Sign up" to create a profile. Figure 58 contains the visits overview of the four-month 
voting period with continuous action. 
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Figure 58:  Visits overview of the four-month voting period with continuous action. 

Source: Own figure  

 
 
Quantitative data of the four-month voting period – Acquisition channel type and 
social media 
 
Another indication is the access to the platform via social networks. 3,164 direct 
accesses (62%) and 1,211 accesses (38%) could be registered. They were distributed 
over the following five social networks: Facebook, Twitter, Instagram, Telegram, and 
LinkedIn. 531 hits happened through search engines and 215 through links on other 
websites. Figure 59 gives an overview of the acquisition channel type and social 
media. 
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Figure 59:  Acquisition channel type and social media. 

Source: Own figure  

 
 
DF1 – 3-step submission process, DF6 – Description, DF7 – Open data - 
Geographical map, DF8 – Visualization, DF9 – Solution presentation (elevator pitch), 
DF4 – Summary of the project, DF10 – Submission name, and DF11 – Acceptance of 
general terms and conditions 
 
The effect of the multimedia elements of the submission steps was measured through 
the significantly higher number of interactions on the individual project overviews, 
which also includes the same elements. The winning project can be used as an 
example to show that the movement on the page in the area of the video, the images, 
and on the map was significantly higher than in the area of the textual description. 
Thus, in the first two voting periods, a total of 354 plays of the videos with a total of 6 
hours 58 minutes could be recorded, with a playback rate of 18%. Based on the voting 
results, it can be recognized that projects with video and images received more votes 
than projects with only textual elements. Figure 27 contains the submission process 
(DF1) with step 1 – DF6 and DF7 (left), step 2 – DF8 (middle), step 3 – DF9 (right) 
as well as choosing submission name (DF10) and accepting conditions (DF11) after 
checking the summary (DF4). 
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DF5 – Providing updates for two-channel feedback 
 
After the submission, the citizens are informed that the submissions will be examined 
and the submitted project, provided that it complies with the conditions of use and 
participation, will be activated promptly. With the release, the voting period also 
begins simultaneously and the submitted project with the most votes wins the vote, 
provided that at least 100 votes are reached. Furthermore, it is explicitly stated that the 
projects should be shared with friends or via social media in order to increase the 
chance of getting many votes. For further questions concerning the procedure, citizens 
can always contact the city administration via the displayed e-mail address. Afterwards 
the citizens have the opportunity to give feedback via a survey about through which 
channel they came to the platform. Figure 60 shows the feedback panel after 
submission with an additional survey (DF5). 

 
Figure 60:  Feedback panel after submission with an additional survey (DF5). 

Source: Own figure  

 
 
DF15 – Fast reviewing of the submitted project 
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After the initiators have submitted their projects, they cannot change the submitted 
project any longer. The project is then displayed in a table for the city administration. 
The city administration has the possibility to display the project (magnifying glass) 
and to improve the entries (pen) under the condition that the initiator is informed. 
Furthermore, the city administration can give the submitted project a single vote 
(thumbs up). In addition, it is possible to delete the project at the request of the 
initiator (trash can) or to move the project to a new voting period (clock). Finally, the 
project can be accepted (check) or rejected (X). A feedback function allows the 
citizens to be informed directly via e-mail about the status of their project by the city 
administration. In the following Figure 61, the winning project submitted is shown 
before it has been accepted by the city administration with feedback. 

 
Figure 61:  City administration review control panel (DF15) with the submitted, future 

winning project. 
Source: Own figure  

 
 
DF2 – Project overview of all accepted projects and DF3 – project map as well as 
DF13 – Open voting by citizens with DF14 – Restricted vote on a specific service 
project 
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For the voting period the project was listed on the project overview page and the 
voting button was activated. Citizens could either vote for one or more projects 
directly on the project overview page or learn more about a project in the project detail 
view or project map and then vote for it (see Figure 62). In the project detail view, it is 
possible to share the project directly via social media. Results of the voting periods can 
be found in the Appendix (see Table 26). 
 

 
Figure 62:  Project overview (left) (DF2) and project map (right) (DF3). 

Source: Own figure  

 
 
Results of the first and second voting period 
 
In the first voting period 204 votes were distributed over five projects. The project 
with the most votes won with 120 votes, followed by 37, 25, 12, and 10 votes. The 
second voting period ended with 126 votes, but the project with the most votes did not 
reach the quorum of 100 votes with 72 votes. The conditions of the two-month 
restriction and the quorum of 100 votes are intended to create a competitive situation 
that will be used as an innovation driver for activating citizens to participate with their 
most innovative services. It is important to mention that the competition between 
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citizens is not the main focus. Instead each project contributes to improving the city 
and thus the living environment of the citizens. 
 

Voting period Project Votes Total 
1 Disc Golf Park 120  

 
204 

Subcup – Mehrwegbecher Pfandsystem für Kassel 37 
Technik-Museum Kassel 25 

Harleshäuser Waldprojektinitiative 12 
3D-gedruckte Karten und Pläne für blinde Bürger 10 

2 Herkules als Ampelmännchen 72  
126 Freiluft-Ausstellung Untere Königstraße 22 

3-D gedruckte Karten und Pläne für blinde Bürger 18 
Harleshäuser Waldprojektinitiative 14 

Table 26: Voting period 1 and 2.  
Source: Own table 

 
 
DF12 – Dissemination of news and updates regarding competitions 
 
The news page of the platform reports on the voting period as well as on the winning 
projects and their further steps. This is intended to show the winners the necessary 
appreciation. In the case of the winning project of the first voting period, the visit of 
the mayor was thus recorded. In addition, there is support from local media and 
newspapers, which are also supposed to honor the projects. The initiator of the project 
with the most votes in the second voting period was also interviewed as an 
appreciation, although the project did not reach the quorum. 
 
DF16 – Recording of all activities on the platform – First example 
 
In order to provide the citizens with the necessary insight of what is happening on the 
platform because of other citizens and the city administration, data has been recorded 
and is available for free use, including the publication of this scientific contribution. 
The following two examples justify the necessity of recording the data from the point 
of view of the city administration as well as from the citizens.  
 
During the first voting period, an irregularity was recorded on 19th August 2019 due to 
a particularly high voting rate for the later winning project. A review of the records 
showed that the winning project was promoted via a forum and its members 
subsequently voted for the project. This is a legitimate action and is also explicitly 
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recommended after the submission of a project. However, it should be clear that it is 
necessary to record the interactions of citizens in order to prevent groups with certain 
intentions from having unseen influence. Figure 63 shows the individual promotion of 
a submitted project by an initiator on 19th August 2019. 

 
Figure 63:  Individual promotion of a submitted project by an initiator on 19th August 

2019. 
Source: Own figure  

 
 
DF16 – Recording of all activities on the platform – Second example 
 
In the second example, a citizen submitted a project to provide a right-of-way detector 
at an intersection. This project was rejected by the city administration because the 
responsibility of this topic is part of another department who is aware about the 
problem. The rejection of a project by the city administration with sufficient 
justification and feedback to the citizen is a legitimate process. However, the project 
was subsequently deleted directly without the initiator having requested it or being 
informed about it. This example is intended to illustrate that citizens should always be 
informed about the actions of the city administration by providing open data for all. 
Figure A14 shows the deletion of a submitted project by city administration without 
informing the initiator captured by Matomo sessions recording (DF16). 
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Figure 64:  Deletion of a submitted project by city administration without informing the 

initiator captured by Matomo session recording (DF16). 
Source: Own figure  
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Appendix B Designing a Co-Creation System for the Development of 
Work-Process-Related Learning Material in Manufacturing 

Appendix B.1             General Requirements from Scientific Literature 

I derive theoretical requirements from the CLT and instructional design as well as 
from suggestions from the literature about co-creation processes. In doing so, I 
structure our findings as well as the other requirements according to the suggestions 
described by Choi et al. (2014) and try to address every possible theoretical conflict by 
conducting a narrative literature review. The findings are shown in Table 27.  
 
The first requirement (T1) addresses the problem that the creation process must be 
interfaced in the workflow. Since different factors (visual and auditory distractions) 
can occur in work processes, the platform facilitates content creation at times of little 
or no disturbances (Choi et al. 2014). For example, an employee can create content at 
times when he or she is only preoccupied with menial monitoring tasks. The second 
requirement (T2) regarding the environment refers to the design of the co-creation 
platform itself. It should abide to design conformities present in different markets that 
reflect the expectations of the employees (Choi et al. 2014; Ernst et al. 2016b) as well 
as the accustomed design preferences of the employees.  
 
The requirement (T3) for the clear structure of the creation process reflects the need 
for repeatable routines (Paas 1992; Parmigiani and Howard-Grenville 2011) to reduce 
the cognitive load. As Mayer and Moreno (2003) mentioned, simultaneous addressing 
of channels (auditory and visual) with different information should be avoided. 

Cognitive Load Factors Derived Requirements from Theory (T) 
Environment T1) The platform should take the real-world workflow into account.  

T2) The platform should correspond to the cultural and company-specific design 
preferences of the employees and the company. 

Task T3) The platform should provide guidance for the learner to structure the 
procedure for storing knowledge. 

Learner T4) The platform should take the expertise of the employee into account. 
T5) The platform should positively influence the employee's motivation. 

Table 27: Requirements from theory. 
Source: Own table 

Two requirements regarding the consideration of the learner could be identified. The 
first requirement (T4) relates to the learner's expertise. The platform should be able to 
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adapt to the level of experience of the employee, especially in the form of additional 
support during the creation process for less experienced employees (Kalyuga et al. 
2012). This notion of experience encompasses the work process knowledge as well as 
experience in the creation process of learning material. Moreover, elements that 
improve the motivation of learners to generate and document knowledge in the co-
creation learning environment should be implemented on the platform (T5) (Putz and 
Treiblmaier 2015; Schneider et al. 2018). For example, Putz and Treiblmaier (2015) 
show that the use of gamification elements can have a positive effect on the CL. 

Appendix B.2             Requirements from Practice 

I derive practical requirements for our co-creation learning environment, I gathered 
requirements in two work process analyses and a requirement workshop. In order to 
gain a better understanding of the current work situation of the employees, as well as 
to maintain the physical environment of the employees in the production context, a 
work process analysis was carried out as a first step (Spöttl 2007). Based on these 
findings, a focus workshop was carried out in November 2019 in order to uncover 
possible further requirements. Following Greenbaum (2002), focus group workshops 
are an effective way for learners to generate ideas. 
 
The two work process analyses took place in the shop floor production of two 
companies in China. The first analysis took place in the production of a heating 
manufacturer, the second one in a production facility of an international health care 
supplier. Especially in China, employees depend on in-company trainings, since 
practical vocational training takes place nearly exclusively there. Thus, process 
documentation material is often used for the training of employees, which was 
confirmed by the conducted work process analysis. This documentation material rarely 
meets the affordances of didactic learning material. As part of the work process 
analysis, the work processes were reviewed by two members of the research team and 
one member of the VET expert team. The process includes the analysis of the learning 
and work process material used as well as interviews with workers and the responsible 
vocational training personnel in the company. 
 
The focus group workshop was conducted with one experienced technical employee, 
an operational manager, who is responsible for the supervision of different automated 



 

336 
 

production lines as well as the training operator responsible for the VET in the 
company. The group was selected to include all stakeholders involved in the co-
creation process. The two workers were both involved in production as part of the 
creation process and were thus able to report directly on their experiences. The 
manager or supervisor was responsible for reviewing the learning material and was, 
therefore, the expert on the specific work process of the workers, which was used to 
develop the learning materials in the workshop. The employees are experienced in the 
production process and had an average length of service of 1.6 years. This is 
particularly high for China, which has an average employee turnover rate of over 20% 
(Anvari et al. 2014). The operation manager had been working for the company for 8 
years. 
 
The overall goal of the workshop was to identify requirements for the co-creation 
system and the underlying instructional design to reduce CL in the creation process of 
work-based learning material. A total of four requirements were identified. In doing 
so, I address the three different causal factors of CL, as described by Choi et al. 
(2014), with the identified requirements. The requirements are presented in Table 28. 

 

Cognitive Load Factors Requirements from Practical Application (P) 
Environment P1) The platform should provide an opportunity for interaction with the real 

world. 
Task P2) The platform should assist the employee within the creation process.  

P3) The platform should enrich and visualize the content. 
Learner P4) The platform should take the employee's experience into account. 

Table 28: Requirements from theory. 
Source: Own table 

In digital learning environments, there is often a lack of interactivity, e.g., to enable 
learners to actively participate in the learning process (Winne 2016). This lack is also 
mentioned by the learners (P1). Especially in training situations, as well as in the 
creation process, the learners need an opportunity to combine the creation process in 
co-creation system with the real world. 
 
Regarding the creation task, two requirements were identified. All participants of the 
workshop mentioned that the creation process is very time-consuming and perceived 
as costly. Therefore, the platform should support the employees during the creation 
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process (P2) to reduce the CL. On the other hand, the employees oftentimes use 
pictures and videos to enrich their content in the co-creation process because they have 
difficulties in describing work-related problem cases or the work process itself (P3). 
Therefore, the co-creation system should help the creators to enrich their content with 
multimedia content. Due to the learning effects that result from the creation of learning 
material in the co-creation system, the employee needs less support over time, 
affirming the temporary nature of scaffolding as an instructional method. This effect 
was confirmed by the learners. Moreover, the level of knowledge among the 
employees differs naturally. During the workshop, employees with more experience 
could create content more easily than employees with less work experience. Therefore, 
the co-creation system should take the employee’s experience into account (P4).   
 
Appendix B.3             Results from Concept Maps 

For the qualitative evaluation of the learners’ concept maps, I applied the holistic 
scoring rubric by Besterfield-Sacre et al. (2004). Table 29 below shows the coding 
manual used to describe the concept maps’ quality facets. 

 1 2 3 
Comprehensiveness 

– covering 
completely/broadly 

The map lacks subject 
definition; the knowledge is 
very simple and/ or limited. 
Limited breadth of concepts 

(i.e. minimal coverage of 
coursework, little or no 

mention of employment, and/ 
or lifelong learning). The map 

barely covers some of the 
qualities of the subject area. 

The map has adequate 
subject definition but 

knowledge is limited in 
some areas (i.e., much of 

the coursework is 
mentioned but one or two 

of the main aspects are 
missing). Map suggests a 

somewhat narrow 
understanding of the 

subject matter. 

The map completely 
defines the subject area. 

The content lacks no 
more than one extension 

area (i.e., most of the 
relevant extension areas 

including lifelong 
learning, employment, 

people, etc. are 
mentioned). 

Organization – to 
arrange by 
systematic 

planning and united 
effort 

The map is arranged with 
concepts only linearly 

connected. There are (or no) 
connections within/ between 

the branches. Concepts are not 
well integrated.  

The map has adequate 
organization with some 
within/ between branch 
connections. Some, but 

not complete, integration 
of branches is apparent. 
A few feedback loops 

may exist.  

The map is well 
organized with concept 
integration and the use 

of feedback loops. 
Sophisticated branch 

structure and 
connectivity. 

Correctness – 
conforming to or 
agreeing with the 

fact, logic, or 
known truth 

The map is naïve and contains 
misconceptions about the 
subject area; inappropriate 
words or terms are used. The 
map documents an inaccurate 
understanding of certain 
subject matter. 

 

The map has few subject 
matter inaccuracies; most 
links are correct. There 
may be a few spelling 

and grammatical errors.  

The map integrates 
concepts properly and 

reflects an accurate 
understanding of subject 
matter meaning little or 

no misconceptions, 
spelling/ grammatical 

errors. 
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Table 29: Concept map scoring rubic. 
Source: Based on Besterfield-Sacre et al. (2004, p. 113) 

Appendix B.4             Cognitive Load Measurement  

Construct Item 
Difficulties in 

Learning 
How difficult was it for you to follow the instructions in the creation process? (Pre) 

How difficult was it for you to learn from the co-creation process? (Pre) 
How difficult was it for you to understand the characteristics of good learning 

materials? (Pre) 
How difficult was it for you to internalize the characteristics of good learning 

materials? (Pre) 
How difficult was it to solve the work instructions? (Post) 

Effort and 
concentration in 

learning. 

How much effort did you put into learning the creation process? (Pre) 
What was your concentration level when you were trying to learn the creation process? 

(Pre) 
How much mental effort did you put into the process of creating the learning material? 

(Post) 
How much mental effort did you put into solving the work instructions? (Post) 

How much did you focus on internalizing the creation process? (Post) 
Demonstration 

Helpfulness 
How helpful were the work instructions for internalizing the creation process? (Post) 
How helpful were the work instructions in understanding the creation process? (Post) 

Table 30: Items for the Cognitive Load Measurement. 
Source: Adapted from Ayres and Youssef (2008) 
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Appendix C Interactive Work-Process-Oriented 360-Degree Learning 
Environment 

Appendix C.1             Usability Testing and Semi-Structured Interviews 

The guiding questions I (Table 31) were used for the semi-structured interviews 
according to Pedroli et al. (2018) and Lichtenstein et al. (2015). Whereas the guiding 
questions II followed Çöltekin et al. (2009) and Djenno et al. (2014) (Table 32).  

# Topic Sub-Topic Question 
1 Usability Utilization What difficulties did you encounter in carrying out the task? 
2 Was it difficult to use the application? 
3 Were there any technical problems during the session? 
4 Learning Did you have to ask for help to understand how to use the system? 
5 Did it take a long time to figure out how the device works? 
6 Was the exercise complicated? 
7 Pleasantness Did you like the virtual environment? 
8 Were some parts of the system uncomfortable? 
9 Did you have any difficulty operating it? 

10 Sense of 
Presence 

Spatial presence Did you feel like you were part of the environment? 
11 Did you feel that you had control over the environment? 
12 Engagement Were you happy that the exercise was over? 
13 What do you think about the duration of the experience? 
14 Did you find yourself easily distracted during the exercise? 
15 Realism How did you find the environment, realistic or too artificial? 
16 Expectations  Would you like to use this system for training? 
17 Do you think this system could be useful for other areas? 
18  Engagement How would you rank your engagement during the task and why? 
19 How did the system affect your engagement? 
20 Motivation Did you feel motivated by the system and the task? 
21 Creativity Did new ideas come to you as a result of the task? 
22 Convincement Were you convinced by the system and would you recommend it in 

terms of feasibility and functionality? 

Table 31: Guiding questions – Part I. 
Source: Own table 

# Question 
1 Would you use the platform instead of the interactive 360-degree environment? Please explain 

why. Would you use the platform instead of traditional learning materials? Please explain 
why. 

2 Would you recommend the platform or the 360-degree interactive environment to colleagues / 
friends? Please explain why. 

3 Which of the following features do you think are in great need of improvement?  
a) Server and process speed b) Color scheme of the platform / interactive 360-degree 

environment c) Size of the buttons d) Placement of buttons e) Wording of the buttons f) All of 
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the above g) None of the above h) Other (please name any). 
1 In your own words, what is the purpose of the platform / of the interactive 360-degree 

environment? 
2 Which tool did you prefer? Why? 
3 Which tool provided the best results? Why did you like these results better? 
4 Which tool was easier to use? Why? 
5 Would you use either of these tools again? Why or why not? 
6 If the educational institution could only keep one of these tools, which would you choose? 

And why? 

Table 32: Guiding questions – Part II. 
Source: Own table 

Appendix C.2             Systematic Literature Review 

Following Webster and Watson (2002a) and Vom Brocke et al. (2009a; 2015a), I 
conducted a systematic literature review in order to analyze the state-of-the-art 
literature of developing interactive images and 360-degree images. The aim of the 
systematic literature research was to find dimensions, frameworks, instructions, and 
information that show how interactive 360-degree images can be created to support the 
learning process. A first overview of seven databases showed, however, that 
interactivity is also used in many other areas of teaching and learning. In addition, 
interactive 360-degree elements are also integrated into videos. To pick up relevant 
content from the other areas, I expanded our search by linking interactivity to both 
images, videos, or materials and learning, training or theory. This resulted in the 
following search string: ((“interactive”) or (“interactive 360”)) and ("images" or 
"videos" or "material") and ("learning" or "training" or "theory"). The result of a 
keyword search was 1,950 papers. To ensure quality, the databases were filtered for 
peer-reviewed papers, if the option was selectable. This reduced the number of papers 
to 1,581. The title, abstract, and keywords of each paper were then checked to perform 
an initial comparison. After this check, 235 papers remained, which were then 
subjected to an analysis of the core contents regarding interactive 360-degree, 
interaction theory, and learning processes in the next step. As a result, 30 papers 
remained. With an additional 6 papers from a forward and backward search, 36 papers 
were used as a basis in the final analysis for finding knowledge about the development 
of interactive 360-degree material in order to support the learning process. Table 33 
summarizes the procedure and the number of hits. 
 

Step Description Hits 
1 Selecting relevant databases 7 
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2 Keyword search 1,950 
3 Filter (peer reviewed, if selectable) 1,581 
4 Title, abstract, keyword check 235 
5 Forward / backward search + content check 36 

Table 33: Systematic Literature Review – Results. 
Source: Own table 

Appendix C.3             Semi-Structured Interviews 

In order to analyze the practical requirements for developing interactive 360-degree 
images and supplement the literature review, I conducted five interviews with experts 
from learning service providers in a Western European country, who use different 
techniques for providing a virtual environment to learners as well as to teachers. The 
following questions were asked: 1) What trainings and further education do you offer? 
2) What are current trends and problems in your field of activity as a company, 
especially during corona times? 3) What techniques, methods, and tools do you use in 
digital teaching? 4) What do you use to convey action-oriented knowledge (360-
degree images)? 5) How satisfied are your learners and teachers with these new digital 
teaching and learning methods? 6) How do you think your work will change after 
corona times (360-degree images)? 7) Where and how do you see the future of 
interactive multimedia elements? 
 
The first interview took 23 minutes and was conducted with the CEO of a training 
center which, as an education partner of the local economy, offers a practice-oriented 
training and education program and at the same time acts as a link between job-seekers 
and the labor market. In the second interview, which took 44 minutes, the head of 
department of the central organization of a private institute for vocational training was 
interviewed, which offers partly subsidized qualification programs for training and 
retraining. The third interview, which took 45 minutes, was conducted with the CEO 
of an e-learning service provider that focuses on digital, in-service study. In the fourth 
interview, the chief digitalization officer of a private, practice-oriented training and 
education study service provider in the media industry was interviewed for 28 minutes. 
The last and fifth interviews were with the chief digitalization officer of a private, 
country-wide education service provider with subsidized training opportunities for 
working people or job seekers (21 minutes). 
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As mentioned above, I used Mayring (2014b) for analyzing the interviews. The inter-
coder reliability for the interviews with the learning service provider is fulfilled 
because I was two interviewers and highlighted nearly the same segments (teaching 
and learning process, 360-degree, action-oriented, interactive multimedia elements) 
that are relevant for this paper. This could be due to the fact that the structured 
questions were checked in advance to ensure that they were relevant to the content. I 
was also oriented toward the thematic search terms of the literature analysis in order to 
ensure a relevant and rigorous approach in the analysis of the environment as well as 
of the knowledge base. In comparison, I found out that many aspects of the interviews 
corresponded with the literature. The confirmation that both the literature and the 
interviews highlighted the need of a framework for creating 360-degree images is 
gratifying. 
 
The following Table 34 summarizes learning service providers’ demographics and 
intake time. 
 

# Company focus Duration (min) 
1 Training center and education partner of the local economy 23:23 
2 Private institute for vocational training 44:30 
3 E-learning service provider with focus on digital in-service study 45:55 
4 Private, practice-oriented training and education in media industry 28:25 
5 Education service provider with subsidized training opportunities 21:21 

Table 34: Semi-Structured Interviews – Learning Service Providers. 
Source: Own table 

Appendix C.4             The framework description 

Input 

The input perspective for the learning process with 360-degree images consists of the 
predispositions of the learning context (Berns et al. 2018) such as the learning goals 
(Pérez et al. 2018) and the task characteristics (Pellas et al. 2019). For example, the 
learner's intentions are important in determining the learning goals (Stahre Wästberg et 
al. 2019). Especially knowledge about task characteristics, e.g. the task complexity is 
important for the design of the learning process because it influences the usage of the 
interaction elements (Pal et al. 2019). The special features of 360-degree images in 
learning process must be taken into account, such as technology issues and the visual 
experience. 360-degree images can be distinguished according to the degree of reality. 
Images with a low degree of reality are modeled to reduce the complexity of the 
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learning environment through abstraction and simulation. These technological 
characteristics must be considered in the design of the learning process. There is a 
whole variety of different possibilities in the design and functions of the elements in 
360-degree images (Zlatkov et al. 12182019). These influence the visual experience of 
the learner. An incorrectly placed element or a function that is too conspicuously 
designed can quickly distract the learner and lead to poorer learning outcomes (Sitbon 
et al. 2020b). I distinguish aspects related to the design, for example, the color or the 
size of the interactive elements (Burset et al. 2016), and functions, such as quizzes or 
images within images (Komalasari and Rahmat 2019). 

Learning Context 

The structure and type of the learning task have a great influence on the later design of 
the interactive 360-degree learning environment (Pellas et al. 2019). There is also a 
need in the practice: “In general, a framework or a manual would be very helpful. It 
should be considered when setting a point of interaction from an academic, 
educational, and technical point of view” (Interview 4). To be able to design a learning 
environment that is as effective as possible, it should be structured in such a way that 
the required minimum learning performance can be achieved (Kerimbayev et al. 
2019). This minimum required learning performance can also serve as a criterion for 
the later measurement of learning outcomes (Interview 3, 4). In addition, the motives 
for learning and the mechanisms for integrating the knowledge (Pérez et al. 2018) as 
well as the metadata, like semantic density and interactivity type, should also be 
defined in the beginning (Pal et al. 2019).  

Information Technology 

The wide range of functions and design elements allows for an easy integration of 
interaction elements with the aim of improving the interaction between the learner and 
the learning material. Especially how the individual functions are integrated into the 
learning environment depends on the learning task and the learning setting (El Kabtane 
et al. 2020). 
 
The design process of interaction between learning material and learners should 
always be considered in the context of learning by solving problems through 
interaction (Schweitzer et al. 2011). Moreover, the described learning input should be 
mentioned because it is also important to get an overview of the necessary and 
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available interaction elements. Based on this, the learning material is designed by 
using interaction elements. Depending on the use case, this includes background 
information, graphic elements such as videos, or images in the virtual environment. 
Then interactions, such as roll-over, click, and H5P interactions (Interview 3), are 
implemented, which not only improve the interaction between learners and the content 
but also promote interaction between learners and teachers. 
 
The interactive 360-degree images are intended to provide the learner with a realistic 
representation of the reality with which they can interact using interaction elements. 
This realistic representation should support the learner in the learning process and 
improve the learning outcome. Particularly in the case of complex learning tasks, it 
can be useful to abstract this reality to a certain degree to reduce the complexity. 
Especially two different types of VR technologies are distinguished: complete virtual 
environment, which are computer generated, and panoramic / spherical images, which 
are created from real places in combination with real people or bots (Berns et al. 
2018). VR application user interfaces can be divided into three categories: fully 
immersive, semi-immersive, and non-immersive. Fully immersive means that the 
learner of head-mounted displays is detached from reality (Alfalah 2018). Especially 
when learning content is taught practically, it is important to make the learning task 
"tangible". Therefore, the learning application goals should be should be defined (Naz 
et al. 2018). Abstractions like in game-based learning can have more of a disturbing 
than a useful effect on the learning process (Interview 2). Another point for the 
learning process is decision paths that are offered to either guide the learners 
systematically through the learning objectives check or to give the students the 
possibility to choose freely, e.g., to skip a quiz (Interview 4). During the preparation, 
attention should also be paid to a clearly defined purpose and context of use, clear 
messages, chosen medium type, and simple design (Stahre Wästberg et al. 2019). For 
the design of interactive digital material in the learning context, Burset et al. (2016) 
summarized four key elements: the quality of the graphic design (shape, color, …), the 
typographic (style, size, …), the composition of location and proportion, and action 
elements (visual effects, sound effects, …). Taçgın (2020) created an immersive 
virtual reality learning environment using different types of interactions such as 
transparent menu items or progress bars to examine which interaction elements can 
support the learning process. Besides interaction elements, the focus is on visual, 
auditory, and directive elements for supporting learners in improving their experience 
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(Kose et al. 2013; Sitbon et al. 2020b). These tasks range from simple puzzles and 
quizzes to the design of entire learning scenarios (Xie et al. 2011). For the design of 
the interaction elements, Xie et al. (2011) provided design guidelines to create a 
learner-friendly VR environment. In sum, they recommend a prominently placed 
control bar, text-symbol combinations, no new windows, a function to switch subtitles 
on and off, clear instructions, e.g., how to enlarge images, clear texts on the function, 
and avoidance of additional interactive elements that require expert knowledge. 
Besides purely graphic elements and tasks, there are also interactions, animations, 
videos, and simulations (Interview 3) as well as quizzes and learning objective check 
elements related to the motivation of the learners, who might get annoyed if the 
duration of the material is too long (Interview 4). Interactive elements enable a whole 
range of different functions for shaping the learning process in a virtual 360-degree 
learning environment. Navigation functions are especially important for the design of 
the learning process in order to provide all learner to interact with 360-degree 
environment. These navigation functions, e.g., displayed in virtual sidebars (Kose et 
al. 2013) or by interaction markers (El Kabtane et al. 2020), should always be visible 
to learners for jumping quickly from one learning unit to another.  

Team 

Huynh and Nguyen (2019) found that profound learning experience is achieved among 
learners through a collaborative and goal-oriented learning environment (Huynh and 
Nguyen 2019). In order to achieve this, Huynh and Nguyen (2019) have designed the 
system to integrate the technology into the learning process in a simple and learner-
friendly way, to provide sufficient scaffolding and constant feedback to the learners, 
and to build a collaborative community of learners to promote cognitive development. 
The perspective from practice is a different one: when learners can create or 
supplement learning content, they do not take advantage of it. Learners become 
teachers in theory but not in practice (Interview 3). 

Process 

The second perspective addresses the learning process, which is crucial for the 
understanding of the learning process and consists of cognitive processes and 
interactions based on the used methods, the differences among learners, and the design 
of the learning process (Gupta et al. 2010). The use of interactive 360-degree images 
enables better Learner-Teacher-Interaction by providing real-time feedback to students 
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that is directly related to the learning environment, goal, and content (Ferratt and Hall 
2009). Feedback can, for example, increase the participation of the learners. At the 
same time, these interaction elements also enable collaboration between the learners. 
Additionally, they enable the enhancement of the interaction between learners 
(Learner-Learner-Interaction) by using elements that foster the collaboration between 
the learners (Chinello and Koumaditis 2019). For example, the cognitive load can be 
reduced by an exchange with other learners during the learning process (Huynh and 
Nguyen 2019). Especially the Learner-Content-Interaction can be increased by using 
interactive elements in 360-degree images. Thus, the individual context of the learner 
in the learning process must be taken into account, e.g., motivation, gender, or self-
efficacy (Mokmin and Masood 2017; Gupta and Bostrom 2009). In addition to the 
design and functions of the interactive elements as input factors, the implementation of 
the individual elements is also important for the visual experience of learners when 
using interactive images (Gänsluckner et al. 2017). Different effects such as sound 
recordings can support or even disturb the learning process (Widjaja and Sutopo 
2017). 

Appropriation Support 

Feedback in digital learning environments often has a poor quality (Gänsluckner et al. 
2017). While, interaction elements enable direct interaction between learners and/or 
teachers, these interaction elements can also serve as drivers for interaction with the 
content by encouraging them to exchange information (Kose et al. 2013). In particular, 
the realistic representation enables the reflection of one's own actions in direct 
interaction with the learning task and content. In this way, the interactive virtual 
learning environment enables much more precise and individual feedback (Gerber et 
al. 2019). At the same time, from the perspective of teachers, interaction elements can 
also be viewed critically. One interviewer noted that when using interaction elements, 
such as H5P21, which offers direct feedback to learners, the teacher would often feel 
useless (Interview 3). However, providing feedback is very important for both learners 
and teachers (Interview 5).  

Individual Aptitude 

 
21 h5p.org 



 

347 
 

In the field of science, Mokmin and Masood (2017) have distinguished four different 
learning characteristics: mastery, i.e., step-by-step through the learning process and 
procedure-based learning material; self-expressive, i.e., learning with interactive 
games and exploring learning alternatives; understanding, i.e., classifying information 
into groups for learning concepts; interpersonal, i.e., group learning and understanding 
about real-life activities. Practical experience, in particular, shows that the individual 
context with the inclusion of technology is necessary but still a challenge: “A quick 
conversion to virtual content is very difficult and individual support is also a 
challenge” (Interview 2). In addition, one part of the trainees would be very interested 
in working with interactive 360-degree images, the other part is very haptic oriented 
and would like to be able to feel it and see it with their own eyes. Especially in the 
transition phase, the use of 360-degree materials would be a good addition and very 
helpful (Interview 1). Therefore, it is important to have guidelines for the creation of 
interactive elements by teachers, which do not yet exist (Interview 4). Tatli and Ayas 
(2012) created a virtual chemistry laboratory based on which they were able to make 
the following recommendations for teachers as a learning outcome considering 
technology awareness: start the experiment with an interesting question, dimensions of 
planning teaching, learning, and teaching through multimedia. Before starting the 
experiment, learners should get to know the inventory and select accordingly. In 
practice, however, the ability to determine the willingness to participate can be ensured 
by using gamification elements such as badges combined with new technology 
approaches (Interview 3). 

Output 

The output perspective describes how input and process factors influence the different 
types of learning outcomes (Gupta and Bostrom 2009). Three different process-based 
factors in particular are mentioned in the literature: motivation (Gänsluckner et al. 
2017), satisfaction (Virtanen et al. 2017), and engagement (Diez et al. 2016). By using 
360-degree images, learners can be actively involved in the learning process in the 
virtually represented learning environment (Virtanen et al. 2017). This active 
participation can have a positive influence on the learning outcomes. Several authors 
describe that the use of interactive 360-degree images not only changes the learners' 
attitude towards the technology itself but also their attitude towards necessary 
interactions with learners in the learning process itself (Tatli and Ayas 2012; Alfalah 
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2018). For example, the change in awareness of technology can lead to an 
improvement in the design of the learning environment by the teacher. 

Learning Outcomes / Learning Assessment 

Virtanen et al. (2017) report that previous studies have shown that the use of the most 
authentic environment possibly increases the satisfaction of learners and their learning 
outcomes. Furthermore, an increase  for learners in a learning process can be achieved 
by using real scenarios and the actions associated with them (Berns et al. 2018). In 
order to better represent real-life virtually, 360-degree technology offers a suitable 
basis and is assessed with the learner’s satisfaction (Virtanen et al. 2017). However, 
studies have shown that response time and feedback of the teacher significantly 
influences satisfaction (Virtanen et al. 2017). However, not only learners need a 
systematic process (Virtanen et al. 2017), but also teachers need the necessary 
knowledge to design a 360-degree environment in such a way that the learners are 
satisfied (Berns et al. 2018). Therefore, a framework for creating and setting 
interactivity in 360-degree materials would be very desirable and helpful (Interview 2). 
 
Diez et al. (2016) constructed a firefighting training for measurable student actions in 
the virtual environment concerning emotional situations of the learners (excited, ...) 
and the emergence of doubts when making decisions. Based on this, the commitment 
of the learners could also be assessed. The target group should be fairly broad to 
ensure that all learners are equally engaged. Especially a systematic approach in the 
learning process can support very young learners or older learners in advanced 
trainings (Interview 3). 
 
Based on 3D virtual environments, Fokides and Atsikpasi (2018) received the results 
that motivation is one of the most decisive factors in the learning process and the 
associated learning outcomes. Sitbon et al. (2020a) explored design approaches and 
participatory design for people with intellectual disabilities and found out that real 
motivation for a task is not based on imposed scenarios but on the basis of interest. 
Sitbon et al. (2020a) also advise integrating social and visual engagement and videos 
for learning, and focusing on tasks and respectfully guiding interaction. However, 
interaction with the 360-degree material can increase the motivation of the learner, 
which can help to focus attention on the content (Gänsluckner et al. 2017). At the same 
time, praise for a completed task is also an important motivational factor. Multimedia 
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elements were more relevant 5-10 years ago. Now, the focus is much more on content, 
but if you do not have an instrumental motivation, you need motivational elements that 
are multimedia in nature (Interview 3). 
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