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Vorwort

Das Ziel der diesjihrigen, nunmehr achten Fachtagung Rechts- und Verwaltungsinforma-
tik (RVI 2025) ist es, ,,Impulse fiir eine digitale Zeitenwende* zu generieren, zu diskutie-
ren und in Wissenschaft und Gesellschaft zu transportieren. Sie bietet eine Plattform fiir
den Austausch zwischen Wissenschaft, Verwaltung und Praxis, um Voraussetzungen fiir
eine erfolgreiche Umsetzung innovativer Konzepte der Verwaltungsdigitalisierung zu
schaffen. Die RVI 2025 steht damit in der Tradition insbesondere der beiden vorangehen-
den Fachtagungen des Fachbereichs Informatik in Recht und Offentlicher Verwaltung
(RVI) der Gesellschaft fiir Informatik in Dresden und Wiesbaden. In deren Nachgang wur-
den die im Rahmen der Tagungen zusammengestellten 20 Thesen in fliinf Handlungsfel-
dern gruppiert und als ,,Dresdner Forderungen 2.0* formuliert [DD2024]. Sie wirken seit-
dem u.a. als Katalysator fiir fachliche Diskussionen und finden Eingang in Digitalstrate-
gien [vLu2024].

Die im Motto herausgehobenen Stichpunkte Macht, Wirkung und Verantwortung sollen
zunichst den signifikanten Einfluss digitaler Technologien auf (nicht nur) staatliches Han-
deln verdeutlichen. Ein Verweigern der Beschéftigung und Nutzung digitaler Werkzeuge
und Systeme ist schon lange keine Option mehr fiir Organisationen aller Art und Gréf3en-
ordnungen. Wie dieser Einfluss jedoch wirkt, in welchen Facetten, Reifegraden und mit
welchen Auswirkungen auf Individuen, auf Gruppen und auf die Gesellschaft digitale
Technologie zum Einsatz kommt, ist nicht trivial vorhersehbar und Gegenstand umfang-
reicher Betrachtungen im Rahmen der Technikfolgenabschédtzung. Gerade im staatlichen
und im Verwaltungskontext sind Entscheidungen dazu aber besonders weitreichend und
daher mit groBer Verantwortung verbunden. Um durch diese Verantwortung nicht unnétig
gebremst und damit zum Hindernis von neuen Entwicklungen zu werden, ist eine fachli-
che Expertise und davor die stetige Weiterbildung unerlésslich, zu der auch die RVI 2025
beitragen mochte.

Was kurz- oder mittelfristig als Staatsmodernisierung angestrebt ist, kann lang- oder auch
schon mittelfristig zur notwendigen Bedingung fiir eine funktionierende Verwaltung und
damit zur Demokratiesicherung nicht nur beitragen, sondern auch erforderlich sein.

Der vorliegende Tagungsband dokumentiert die Beitrdge der RVI 2025 in Hamburg. Ne-
ben den Workshop-Vorschlidgen wurden fiir die diesjahrige Tagung 26 wissenschaftliche
Beitréige eingereicht, von denen die besten 12 fiir die Prisentation im wissenschaftlichen
Teil der Tagung und den vorliegenden Tagungsband ausgewéhlt wurden. Das entspricht
einer Annahmequote von 46,1 %. Im student track entstand eine Arbeit, die sich mit dem
Quantencomputing einer besonders innovativen Technologie widmet und dabei Algorith-
men beschreibt, die auch fiir den Einsatz im Verwaltungskontext aussichtsreich erschei-
nen.

Die Hochschule fiir Angewandte Wissenschaften (HAW) Hamburg freut sich, Gastgebe-
rin fiir die RVI 2025 zu sein. Hier sind die Studiengénge Public Management (B.A. und
M.A.) und E-Government (B.Sc.) an der neuen Fakultit Management, Governance und
Medien beheimatet sind und wird die Rechts- und Verwaltungsinformatik als interdiszip-
lindres Lehr- und Forschungsgebiet im Spannungsfeld technischer, juristischer, wirt-
schafts- und sozialwissenschaftlicher Fragestellungen bewegt.



Unser besonderer Dank gilt allen Vortragenden der RVI 2025. Wir danken aber nicht min-
der allen Autorinnen, Autoren und weiteren Beteiligten, die zu einem gelungenen Aus-
tausch beitragen. Ohne Sie und Euch wire die RVI 2025 nicht moglich.

Wir hoffen, dass dieser Tagungsband zur weiteren Diskussion anregt und als nachhaltige
Dokumentation aktueller Entwicklungen in der Rechts- und Verwaltungsinformatik dient.

Hamburg, 14. Oktober 2025 Bjorn Gehlsen, André Schnackenburg
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Social Network Analysis: An Exploratory Approach to
Identify Brokers of the GovTech Ecosystem

Luca T. Bauer ! Robin Fritzsche ", Robin Dérnemann® and Bjérn Nichaves

Abstract: This study explores the structure of entrepreneurial GovTech ecosystems through social
network analysis (SNA). Focusing on Germany, we examine how LinkedIn interaction data can
represent relationships and regional clusters. While traditional assessments of ecosystems rely on
interviews, our approach combines the qualitative and quantitative potentials of SNA. The analysis
reveals three findings: (1) significant concentration around few central actors, (2) limited bridging
connections between clusters, and (3) discrepancies between perceived and actual network
structures. We discuss LinkedIn data as a proxy for public collaboration patterns, emphasizing its
value for identifying policy-relevant network gaps despite limitations in capturing private-sector
interactions. Our results demonstrate how SNA can operationalize entrepreneurial ecosystem
theory to support targeted interventions for digital sovereignty and small- and medium-sized
enterprise integration (SME), while highlighting methodological challenges in boundary
specification for emerging tech domains. The framework provides actionable metrics for
ecosystem orchestration, particularly in supporting SME competitiveness and informing cluster
development initiatives.

Keywords: GovTech, Social Network Analysis, Entrepreneurial Ecosystem, Digital Policy,
Innovation System

1 Introduction

In recent years, GovTech—a portmanteau of Government and Technology—has
attracted significant academic interest [Bh22]. As policymakers recognize the potential
of GovTech solutions, the demand for research in this field has intensified [Bh22; Co24],
reflecting an emerging consensus on the need to investigate processes of technology
diversification in digital government services [DT24]. GovTech’s momentum is further
fueled by its distinctive provider landscape, characterized by partnerships between
public organizations and small- to medium-sized enterprises (SMEs) [NK24; We25].
According to the European Commission, these collaborative ventures are designed to
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advance the digital transformation of government institutions [Co24]. In such
partnerships, SMEs—often highly specialized technology startups—offer innovative
solutions to the challenges faced by public administrations [Bh22; HG07].

The development of an effective GovTech ecosystem hinges not only on technology
adoption, but also on the active involvement and contributions of providers, startups,
and their founders [DHK25]. This entrepreneurial foundation positions GovTech
squarely as an entrepreneurial ecosystem [Is16], where innovation and public—private
collaboration are intricately linked. Each new digital solution represents an outcome of
entrepreneurial initiative tailored to meet public sector needs [GV23]. Consequently,
understanding GovTech requires examining it as a dynamic ecosystem that fosters
technological advancement through entrepreneurial activity within public administration
contexts dependent on brokerage actors [PWZ21].

A major challenge in evaluating this ecosystem is the reliance on traditional qualitative
methods, such as interviews, which may introduce biases and fail to capture the full
spectrum of interactions [Cal5; MN13; Nol8]. In response, a growing body of literature
advocates for the use of comprehensive datasets and quantitative metrics to provide a
clearer, more nuanced picture of GovTech dynamics [Me22]. Data-driven approaches
like social network analysis (SNA) offer a promising avenue, as they allow for the
assessment of both macro-level network structures and micro-level interactions,
shedding light on startup activity, key stakeholders, and modes of inter-organizational
cooperation [NK24].

RQ: How can social network analysis support digital policy by assessing
formal structures and identifying central actors within entrepreneurial
GovTech-ecosystems?

In addressing this question, this study adopts a big-data approach using publicly
available LinkedIn data, supplemented by additional sources. It is important to note that
while LinkedIn mentions serve as accessible indicators of public interactions, they
capture only the visible segment of the network, as many collaborations take place
through private channels. This methodological limitation is openly discussed to ensure
transparency in interpreting the empirical findings.

2 Conceptual Background

2.1 National Innovation Systems as Entrepreneurial Ecosystems

Innovation in the public sector increasingly depends on complex interactions between
diverse stakeholders, including startups, public administrations, research institutions,
and intermediaries [DT24]. This complexity can be understood through the lens of
innovation systems and entrepreneurial ecosystems [NK24].
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Innovation systems refer to networks of organizations and institutions whose
interactions drive the development, diffusion, and use of innovations [EHO00]. In the
public sector, this involves policy frameworks, funding mechanisms, regulatory
conditions, and most importantly the interplay between suppliers and users of
technology. As technological complexity grows, so does the reliance on external
innovators—particularly SMEs and startups—for specialized digital solutions [KDK22;
NNU23]. Entrepreneurial ecosystems provide a more granular perspective by focusing
on the conditions that support startup-led innovation in specific domains or regions.
Popularized by Isenberg [Is16], this framework identifies six core pillars—policy,
finance, culture, human capital, markets, and support structures as essential components
to build interaction on. In the case of GovTech, these pillars converge around public
sector demand and startup supply, mediated by regulatory and procurement
environments [NK24; We25].

Importantly in our case, GovTech ecosystems differ from typical entrepreneurial systems
in that the state is both regulator and market actor being part of (at least) two pillars of
not more [NK24]. This dual role blurs boundaries between economic policy and public
governance, requiring transparency and intentional orchestration to prevent conflicts of
interest [CP19; Na24]. To understand how digital transformation unfolds in this hybrid
space, it becomes relevant to study not only who participates in which role, but how
these actors are connected and collaborate across structural boundaries. Thus finding
brokerage actors may enable target structural policy that does not have to decide whether
to be economic or public digital transformation policy [PWZ21].

2.2 Social Media Based Social Network Analysis

Identifying otherwise invisible relationships has been one of the key factors leading to
the development of network analysis methods. The analysis of systems represented as
networks has been of prolonged research interest in different domains from sociology,
economics and politics [Fr04; Tal8] to physics [Cil9], neuroscience [Gel4] and
computer science [MP43], we we focus on the social dimensions. Social network
analysis (SNA) has roots in early 20th-century social theory. Coming from a formal
sociology theory, interactionist approaches were developed that described the underlying
formal structures of social life with the metaphor of connecting ’points’ (nodes) and
’lines’ (edges) to describe networks [Sc12]. Nodes represent entities and edges represent
relations between these entities. These entities can be single persons, groups or also
organizations like companies. SNA comprises many different methods that developed
alongside the progress in computing power and more refined software systems.

According to Freeman the four guiding principles of SNA are ”1. [SNA] is motivated by
a structural intuition based on ties linking social actors, 2. It is grounded in systematic
empirical data, 3. It draws heavily on graphic imagery, and 4. It relies on the use of
mathematical and/or computational models” [Fr04]. Often social networks are accounted
for as undirected graphs, where connections are symmetric because of bidirectional



16  Luca Bauer et al.

relations. In this paper we are interested in directed graphs as we use mentions of
persons and companies as measures of relational importance to other actors of the
network.

Social media platforms like Facebook, Instagram, and LinkedIn gather massive amounts
of data from their users. The application of SNA to social media data can provides
insights into individual behavior and also enables the study of large-scale social
dynamics, such as community formation, the spread of innovation, and labor market
trends [Hil7]. LinkedIn is an especially interesting case, as the platform is focused on
professional interaction [Brl1]. Through their own participation, users provide detailed
information on their educational and vocational backgrounds. Furthermore, networking
behavior such as connection requests, endorsements, group memberships, and
interactions in comment threads can be used to assess the structure and strength of user
relations. This structured and unstructured data makes LinkedIn a particularly valuable
source for Social Network Analysis (SNA). Companies use LinkedIn accounts and posts
as a marketing tool to achieve a more prominent presence in the cyperspace. Especially
startups use social media platforms as a cost efficient way to promote themselves and
their products [Wa25]. As LinkedIn is based on public interaction and connection it
provides valuable insight into the relations between different companies. In this paper
we are interested in the application of SNA on data from LinkedIN to understand the
relations between GovTech companies.

2.3 The Case for GovTech

Our case for this analysis-namely GovTech-aligns with a recent trend in European
digital public policymaking [Co24]. GovTechs, short for government technology, are
providers of digital solutions developed specifically for use in public administration,
often by SMEs and startups [Bh22]. According to the European Union, GovTech
includes technologydriven partnerships that support the digital transformation of public
institutions, particularly through collaboration with startups and SMEs [C024]. GovTech
ecosystems bring together diverse actors—public administrations, private innovators,
investors, research institutions, and intermediaries—to co-create public value through
technology, and are thus a prime case of entrepreneurial ecosystems [NK24]. These
ecosystems are simultaneously entrepreneurial (driven by startups and innovation) and
institutional (shaped by policy, procurement, and public mandates) [Ku22; Me22;
We25]. As such, they represent a hybrid form of innovation system that requires adapted
coordination and governance.

The attributed role of startups in GovTech ecosystems lies in their agility and ability to
address niche public sector needs through agile developed technologies [Bh22; Ku22].
However, their success depends on access to resources, supportive policies, and
meaningful collaboration with public agencies. Identifying the structure and functioning
of these ecosystems is therefore highly relevant for developing targeted interventions,
whether through cluster policy, procurement reform, or digital sovereignty strategies
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[DHK25; DT24; EH23]. To manage these ecosystems effectively, policymakers and
researchers need tools that go beyond anecdotal evidence. A first entry point to analyze
such are brokerage organizations that give access to further parts of the ecosystem
[PWZ21]. Network-based approaches allow for the identification such, providing
actionable insights into how digital transformation is being orchestrated in practice.

3 Method and Data Collection

3.1 Data Generation

To assess the relevant actors within the German GovTech ecosystem, a comprehensive
data collection process was conducted in two steps. Initially, desk research was
performed to compile a list of potential GovTech companies. This involved analyzing
federal and national databases, such as the German Startup Monitor and official
registries, as well as pertinent news outlets focusing on startups operating in the public
sector. The selection criteria were based on the European Commission’s definition of
GovTech [Co24]. Specifically, we targeted startups and SMEs developing technological
solutions tailored for public administrations, thereby distinguishing them from larger
enterprises and general tech companies. This resulted in a list of 213 potentially relevant
actors. Additional GovTechs were identified through recommendations and snowball
sampling during the research process, culminating in a total of 256 companies and over
400 founders. It is important to note that the identification of GovTechs was not based
on LinkedIn data; rather, LinkedIn profiles were collected subsequently to facilitate
further analysis.

Following, we employed social network analysis based on publicly accessible LinkedIn
data to assess relationships and connections within the entrepreneurial GovTech
ecosystem. While recognizing that LinkedIn interactions represent only publicly visible
engagements and may not fully capture private collaborations, this approach provides
valuable insights into the network structure [Br11; MN13]. Data collection was carried
out in December 2023, resulting in a dataset that includes 256 LinkedIn profiles of
GovTech companies and a total of 403 profiles of their founders. We utilize five key
datasets to support our analysis. The Companies Database details 256 GovTech
companies’ locations, sizes, and technological focuses. The Persons Database profiles
403 founders, including their professional and regional backgrounds. The
Person2Company Database links founders to their companies, facilitating a
comprehensive overview of entrepreneurial activity. The Posts Database records 13,614
LinkedIn posts with metadata (e.g., timestamps, likes, comments), while the Mentions
Database captures 35,581 instances of public interactions among network actors.
Nevertheless, we acknowledge that LinkedIn data only reflects publicly visible
interactions and is thus limited.
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3.2  Data Handling

The data handling process was designed for accuracy and transparency. First, a cleansing
step removed duplicates and irrelevant entries, enhancing data quality. We limited the
dataset to interactions up to December 2023 to reflect the current GovTech ecosystem
rather than outdated structures [Mal8]. Only mentions where both the author and the
mentioned entity were recognized GovTech companies or founders were retained,
ensuring a focused examination of intra-ecosystem interactions. For aggregation,
mentions of a company’s founder were treated as mentions of the company itself; thus, if
a founder from company A mentioned company B, it was recorded as an interaction
between the two companies, in line with common SNA practices [Za00]. While
additional influential actors (e.g., investors, policymakers, academic institutions)
emerged, they were acknowledged but excluded from the quantitative network analysis
[Me22; NK24]. Finally, although LinkedIn data only captures public interactions—
omitting private communications—its professional nature justifies its use for this study
[Brll; Nol8g].

4 Results

4.1 Overall Centralities

Visualizing relevant actors in social network, in this case a GovTech-ecosystem, is best
to be approached by measuring centralities [Tal8]. Accordingly we created barcharts
that compare the top 5 companies for each of the three centrality measures: Degree
Centrality, Betweenness Centrality, and Eigenvector Centrality, providing an overview
of how different companies rank across these centralities, which reflect various aspects
of influence within the GovTech-ecosystem. Degree Centrality: This metric measures
how many direct connections acompanyhas withinthe network.Companies withhigh
degree centralityare well-connected and play a key role in facilitating interactions
between other entities. Betweenness Centrality: This metric identifies companies that act
as intermediaries or “bridges”between different parts of the network. These companies
are crucial for maintaining communication and collaboration across otherwise
disconnected groups. Eigenvector Centrality: This metric highlights companies that are
connected to other well-connected entities. It reflects not only how many connections a
company has but also the relevance and power of those connections.

The combined bar chart allows us to see which companies consistently rank highly
across all three metrics, indicating their overall importance in the GovTech-ecosystem,
see Fig. 1. The anonymized company names (e.g., gt 1, gt 2, etc.) are used to protect
confidentiality while still providing insight into their relative influence.
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Fig. 1: Centrality Values for Top 5 GovTechs

The GovTech gt 2 has the highest centrality across the measures of degree, betweenness
and eigenvector centrality with values of 0.28, 0.06, and 0.43. Approaching the overall
ecosystem evolution, we can deduce that gt 2 plays a role relevant enough to have to be
considered as starting point for interventions. Comparing the maximum centrality values
shows gives another insight. The eigenvector centrality is highest with 0.43, showing
that the best connected GovTechs share ties, are connected between each other,
indicating a vibrant connection on the top level. The low level of betweenness centrality
of 0.06 further supports such hypothesis for the ecosystem, as it shows that even the
most well connected only seldomly play a bridging function between parts of the
ecosystem. This may both be because the ecosystem as a whole is well connected or
because regional clusters are weak.

4.2 Community Visualization

Providing information for digital policy is not only a question of handling data, but also
how it can be made assessible to relevant stakeholders [Ma20]. To approach this, we
visualized the network structures using community detection algorithms for each
centrality measure. These visualizations help an intuitive understanding on how
companies are grouped into communities based on their interactions and how central
they are within them. In the following visualizations, the node size represents the
centrality measure being analyzed (Degree, Betweenness, or Eigenvector Centrality).
Larger nodes correspond to companies with higher centrality values, indicating their
importance within the network. The node color indicates community membership, with
each color representing a distinct group of companies that interact more frequently with
each other than with companies outside their community. Finally, the edges represent
the interactions between companies, where thicker edges signify stronger or more
frequent interactions.

4.3 Social Network - Degree Centrality

The graph below depicts the top 20 companies by degree centrality, see Fig. 2. Nodes
represent companies, and edges represent interactions between them. The size of each
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node is proportional to its degree centrality, meaning that larger nodes have more direct
connections. The nodes are colored based on their community membership, which was
detected using the Louvain community detection algorithm [Mel1].

@ .. "2
° oo
® L]

Fig. 2: Degree Centrality Visualized for Top 20 GovTechs

This visualization helps identify key players that are highly connected within their
respective communities and across the entire network. As visible, we have three clusters
within the top 20 in the network, marked in the colors blue green, and orange. Of those
the green clusters has the largest GovTechs, with gt 2 once again showing the highest
centrality and gt 29 coming second. This indicates a higher importance of their partial
network, the cluster. Companies with large nodes in multiple communities may serve as
important hubs for collaboration.

4.4 Social Network - Betweenness Centrality

The following graph shows the top 20 companies by betweenness centrality, see Fig. 3.
In this case, node sizes reflect betweenness centrality values, meaning that larger nodes
are more critical for connecting different parts of the network. The colors again represent
community membership. This visualization highlights key intermediaries that facilitate
communication between otherwise disconnected groups in the GovTech ecosystem.
Once again gt 2 and gt 29 are visibly the most central actors, but this time we can see,
that there are more clusters in blue, green, purple, orange, brown and red. Nevertheless,
while others are partially connected, gt 2 has the highest number of ties overall.
Companies with high betweenness centrality play a crucial role in maintaining the flow
of information and resources across different parts of the network, serving as connectors
between them.
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Fig. 3: Betweenness Centrality Visualized for Top 20 GovTechs

4.5  Social Network - Eigenvector Centrality

Finally, we present a network visualization based on eigenvector centrality, see Figu. 4.
In this graph, node sizes reflect eigenvector centrality values, with larger nodes
connected to other influential nodes. As before, colors indicate community membership.

Fig. 4: Eigenvector Centrality Visualized for Top 20 GovTechs

As visible, gt 2 remains the most central GovTech, but the next ranked ones change
drastically, while also reducing the difference in centrality between the first and third
ranked GovTech. This visualization emphasizes influential actors also connected to other
key players in the GovTech ecosystem. These companies hold sway over how
information flows through their respective communities and beyond.

5 Discussion

This study demonstrates how social network analysis can be leveraged to support digital
policy by assessing formal structures and identifying central actors within
entrepreneurial GovTech ecosystems in Germany. By applying SNA to publicly
available LinkedIn data, we were able to map the network dynamics of the German
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GovTech ecosystem, identifying key actors, their relationships, and regional clusters.
Our findings indicate that while SNA can effectively highlight central actors based on
degree centrality, betweenness centrality, and eigenvector centrality [Cal5; We83], there
are inherent limitations due to the reliance on publicly visible data. The analysis reveals a
concentration around a few central actors and limited bridging connections between
regional clusters, suggesting that the ecosystem, despite regional hubs, operates largely
on a national level [Ma20; NK24]. Moreover, discrepancies between the perceived
network structures and the actual network dynamics indicate that additional, perhaps
informal or private, interactions play a significant role [Kr87]. Despite these limitations,
SNA may provide valuable insights for digital policymakers aiming to develop targeted
GovTech strategies. By identifying central actors and regional clusters, policymakers can
tailor interventions to strengthen networks, support under-connected actors, and foster
collaboration across regions. This data-driven approach aligns with the need for robust
quantitative metrics to inform policy decisions in the rapidly evolving GovTech
landscape [Me22]. In conclusion, the use of SNA offers a useful tool for understanding
and enhancing GovTech ecosystems. It enables a nuanced assessment of the ecosystem’s
structural properties, facilitating informed policy-making that can drive innovation and
digital transformation within the public sector.

6 Limitations and Outlook

This study highlights the potential of social network analysis (SNA) for mapping and
understanding entrepreneurial GovTech ecosystems [NK24]. However, several
limitations must be noted. First, LinkedIn data captures only publicly visible
interactions, which may overrepresent communication-active actors and exclude key but
less visible stakeholders. Second, the focus on startups and founders omits other
important ecosystem participants—such as public agencies, investors, and
intermediaries—Ilimiting the scope of network analysis, as caused by our broker focus
[PWZ21]. Third, centrality metrics offer structural insights but do not reflect the quality,
depth, or intent behind interactions [Sc12]. Despite these constraints, the study provides
a replicable framework for ecosystem monitoring using digital trace data. Seeing the
results of our study as a possible proof of concept, future research should expand the
actor base focusing specifically on which non-startup actors can be identified.
Following, data can be used to map relevant public, private and civic organizations
relevant to the GovTech ecosystem. Furthermore, enriching the analysis by incorporate
textual analysis of content, and integrate policy or procurement data to better align
network insights with public sector goals may be fruitful. A more comprehensive view
of GovTech ecosystems will support data-informed governance and targeted digital
policy interventions.
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Navigation im Cyberraum: Die NIS2-Umsetzung in der
offentlichen Verwaltung - mit KOMPASS und SEXTANT
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Abstract: Ohne Kompass und Sextant droht der Kursverlust — das gilt nicht nur auf hoher See,
sondern auch flir die NIS2-Transformation der 6ffentlichen Verwaltung. Wéhrend Organisationen
ihren Sicherheitsreifegrad strategisch planen miissen, hdngt der Erfolg dieser MaBinahmen ebenso
von den individuellen Kompetenzen der Mitarbeitenden ab. Mit SEXTANT und KOMPASS
werden aktuell zwei Modelle entwickelt, die eine prizise Positionsbestimmung fiir die organisatio-
nale und individuelle NIS2-Reife ermoglichen. SEXTANT misst die Entwicklungen und Abwei-
chungen vom strategischen Kurs, wihrend KOMPASS die individuelle Kompetenzentwicklung
anpeilen soll. Gemeinsam unterstiitzen sie die Organisation als Ganzes dabei, ihre Mitarbeitenden
sicher durch die komplexen Anforderungen von NIS2 zu steuern.

Keywords: NIS2, Informationssicherheit, Kompetenz, Offentliche Verwaltung, Reifegradmodell

1 Einleitung und Problemraum

Mit der steigenden Digitalisierung von Verwaltung, Wirtschaft und Gesellschaft und
einer Verlagerung von Konflikten in den Cyberraum wéchst die Notwendigkeit, auch
diesen digitalen Raum immer weiter abzusichern. [Sc25] Die Europédische Kommission
verfolgt dafiir mit der NIS2-Richtlinie das Ziel eines einheitlich hohen Cybersicherheits-
niveaus in allen Mitgliedstaaten. Wesentliche Neuerungen sind erweiterte Meldepflich-
ten, Einbeziehung der 6ffentlichen Verwaltung als kritischer Sektor und verpflichtende
Schulungen. Damit gewinnen nicht nur technische Sicherheitsvorkehrungen, sondern
auch organisationsinterne Kompetenzen sowie die individuelle Befidhigung von Mitar-
beitenden an zentraler Bedeutung. Um die Anforderungen der NIS2-Richtlinie zu
erfiillen, miissen Behorden nachweislich iiber bestimmte Kompetenzen verfiigen,
darunter Kenntnisse in Informationssicherheitsmanagement (ISMS), Business Continuity
Management (BCM), rechtlichen Grundlagen, Meldeprozessen und technischen Schutz-
mafnahmen. [Eu22a]
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Bis Herbst 2027 muss jeder Mitgliedstaat die Umsetzung der NIS2-Richtlinie
nachweisen [Eu22a]. In Deutschland stellt der Foderalismus dabei eine zusitzliche
Herausforderung fiir die Landesverwaltungen dar, da die Umsetzung nicht zentral,
sondern dezentral auf Ebene der Bundesldnder erfolgt. Die Kommunen sind aktuell
durch einen Beschluss des IT-Planungsrates von der NIS2-Umsetzung ausgenommen
[123].

Zum aktuellen Zeitpunkt ist die Gesetzgebung auf Bundesebene allerdings noch nicht
abgeschlossen und die EU hat noch keine detaillierten Informationen zu den
Nachweispflichten veroffentlicht, sodass die Bundesldnder bei der Umsetzung bisher auf
sich allein gestellt sind. Als ein moglicher Ansatz zur Unterstiitzung der Umsetzung
werden von den Arbeitsgruppen der Lénder, wie z.B. in der UAG NIS2 des IT-
Planungsrates, Reifegradmodelle diskutiert.

1.1  Reifegradmodelle

Ein Reifegradmodell ermdglicht die Analyse des aktuellen Reifegrads einer Organisation
und die gezielte Planung von VerbesserungsmaBinahmen durch standardisierte
Bewertungsmethoden. Der Ursprung der Reifegradmodelle liegt im IT-Management, wo
sie zur Starkung von Governance und Effizienz beigetragen haben [BKP09; Wel2]. Laut
Becker; Knackstedt; Poppelbull [BKP09] beschreibt ein Reifegradmodell eine Abfolge
von Entwicklungsstufen fiir eine Objektklasse, die einen angestrebten Fortschritt vom
Anfangsstadium bis zur vollstdndigen Reife abbildet.

Im Bereich der Informations- und Cybersicherheit werden Reifegradmodelle eingesetzt,
um den spezifischen Anforderungen an die Sicherung digitaler Infrastrukturen gerecht zu
werden. Zum Beispiel entwickelten Al-Matari et al. [Al21] ein Modell, das Organisa-
tionen basierend auf der Technologienutzung und Prozessfihigkeit, mit dem Ziel,
systematisch Liicken in der Reaktionsfahigkeit im Bereich Cybersicherheit abzubauen,
kategorisiert. Im Gegensatz dazu fokussiert sich das Modell von Zammani; Razali; Singh
[ZRS21] auf ein umfassenderes Informationssicherheitsmanagement, das nicht nur
technologische, sondern auch organisatorische und strategische Faktoren einbezieht. Im
regulatorischen Kontext fiihrten Drivas et al. [Dr20] ein Rahmenwerk ein, das mit der
NIS1-Richtlinie konform ist und die Ausrichtung des Modells auf strenge regulatorische
Anforderungen zeigt. Rehbohm; Moses [RM23] analysierten, wie die NIS2-Anforde-
rungen die Cybersicherheitsarchitekturen auf staatlicher Ebene beeinflussen und welche
Anpassungen notwendig sind, um ein effektives Kontroll- und Steuerungsinstrument fiir
die Umsetzung dieser Vorgaben zu schaffen. Ihr Fokus lag dabei auf der Integration von
Reifegradmodellen als Mittel zur Bewertung und Weiterentwicklung von Sicherheits-
maBnahmen in Behorden und kritischen Infrastrukturen auf organisationaler Ebene.
Auch das RUN-Rahmenwerk des BSI bietet eine standardisierte Methode zur Reifegrad-
bewertung kritischer Infrastrukturen im Kontext der NIS2-Anforderungen und verweist
auf aktuelle regulatorische Entwicklungen [BS25]. Im amerikanischen Raum ist das
Cybersecurity-Framework (CSF) des National Institute of Standards and Technology
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(NIST) wverbreitet, welches eine risikobasierte Taxonomie mit Cybersicherheits-
Outcomes und Reifegraden beinhaltet [Na24].

Die Entwicklung von Reifegradmodellen folgt oft einem Design Science-Ansatz [BB22;
Wel2], der darauf abzielt, innovative Artefakte zu entwickeln, um die Féhigkeiten von
Individuen und Organisationen zu erweitern. Dieser iterative Problemldsungsprozess
umfasst die Gestaltung, Evaluierung und Anpassung von Modellen, um spezifische
Herausforderungen effektiv zu adressieren [He04; Mel1]. Mettler [Mel1] beschreibt die
Entwicklung von Reifegradmodellen im Design Science-Ansatz als mehrstufigen
Prozess: Zuerst wird der Bedarf analysiert und der Problemraum definiert. Darauthin
folgt die Festlegung des Anwendungsbereichs und der MaBnahmen zur praktischen
Umsetzung und Anwendung des Modells. AnschlieBend wird das Modell implementiert,
evaluiert und kontinuierlich verbessert, um eine nachhaltige Nutzung sicherzustellen.

Er hebt auch hervor, dass Reifegradmodelle oft an der praktischen Umsetzung scheitern,
da Organisationen Schwierigkeiten haben, Wissen in konkrete Handlungen zu iiber-
fithren (Knowing-Doing-Gap). Beispielsweise kennen Organisationen zwar Sicherheits-
richtlinien und Best Practices, konnen diese aber selten effektiv umsetzen. Die
Integration personlicher Bereitschaft in Reifegradmodelle erhoht deren Effektivitit,
indem sie sicherstellt, dass Wissen direkt in konkrete MafBnahmen umgesetzt wird
[Bo24]. Die personliche Bereitschaft ist gerade in der Informationssicherheit entschei-
dend, da Einzelpersonen innerhalb einer Organisation gut geschult, bewusst und darauf
vorbereitet sein miissen, Sicherheit praktisch umzusetzen [Fi23]. Um der Knowing-
Doing-Gap entgegenzuwirken, definiert Mettler [Mel1] mehrere Entscheidungsparame-
ter fur die Entwicklung von Reifegradmodellen: den spezifischen Anwendungsbereich,
die Zielgruppe, die Modellstruktur, die Skalierbarkeit und die Evaluationsmethoden.

1.2 Kompetenzanforderungen der NIS2-Richtlinie

Vor dem Hintergrund der Knowing-Doing-Gap riickt die systematische Entwicklung
individueller Sicherheitskompetenzen in den Fokus regulatorischer und organisatorischer
Ansitze. Das Digital Competence Framework for Citizens (DigComp) der Europaischen
Kommission bietet eine geeignete Struktur, um die fiir eine NIS2-konforme Sicherheits-
kultur erforderlichen Féhigkeiten systematisch einzuordnen. Insbesondere die Bereiche
Sicherheit”, , Informations- und Datenkompetenz sowie ,,Problemlésung® adressieren
jene Féhigkeiten, die notwendig sind, um individuelles Wissen in wirksames Handeln zu
iberfiihren. Finster et al. [Fi23] argumentieren, dass Sicherheitsbewusstsein als Teil
digitaler Basiskompetenz nicht punktuell adressiert werden diirfe, sondern Teil einer
kontinuierlich zu entwickelnden Kompetenzstrategie sei, die individuelles Handeln,
organisationales Lernen und strategische Sicherheitsziele verbindet.

Dieser Anspruch zeigt sich exemplarisch im Bereich ,Sicherheit, der nicht nur
technisches Schutzwissen, sondern auch Datenschutzbewusstsein, Risikowahrnehmung
und resilientes Verhalten umfassen kann. Studien wie die von Burstrom; Petersson
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[BP24] sowie Rehnstam; Winquist; Hacks [RWH25] verdeutlichen, dass genau hier,
insbesondere bei Zusténdigkeiten, interner Kommunikation und strategischer Steuerung,
hiufig Defizite bestehen. Die Dimension ,,Problemlésung™ spiegelt die Fahigkeit wider,
Sicherheitsvorféille zu bewiltigen, Schwachstellen systematisch zu behandeln und
kontinuierliche Verbesserungsprozesse in Sicherheitsstrukturen zu verankern. Technische
Kompetenzen wie Netzwerksicherheit, Monitoring oder sichere Konfigurationen
wiederum konnen der DigComp-Dimension ,Informations- und Datenkompetenz*
zugeordnet werden, sofern sie auf die strukturierte Erfassung, Bewertung und Handha-
bung sicherheitsrelevanter Informationen zielen. Zur strukturierten Operationalisierung
solcher Kompetenzen stellt die ENISA mit dem European Cybersecurity Skills
Framework (ECSF) ein erweitertes Rollenmodell bereit, das Wissen, Féahigkeiten und
Aufgabenprofile in sicherheitsrelevanten Funktionen systematisch zuordnet [Eu22b]. Die
strategische Relevanz solcher Kompetenzentwicklungen ist auch in den iibergeordneten
EU-Digitalstrategien, wie dem Digital Education Action Plan 2021-2027 [Eu20],
verankert. Sie verdeutlichen, dass effektive Cybersicherheit nicht allein von Technik und
Prozessen getragen wird, sondern ebenso auf handlungsfahige und -bereite Individuen
angewiesen ist. Die Einbindung etablierter Kompetenzrahmen und Reifegradmodelle
bietet hier eine operationalisierbare Grundlage, um organisatorische Reife mit mensch-
licher Wirksamkeit zu verbinden.

1.3 Forschungsfrage und Aufbau des Beitrags

Vor diesem Hintergrund geht der Beitrag der Frage nach, wie Reifegradmodelle zur
Unterstiitzung von Behdrden bei der Umsetzung der NIS2-Richtlinie, insbesondere bei
der systematischen Steuerung, Dokumentation und Evaluation, sowohl auf organisatori-
scher als auch individueller Ebene eingesetzt werden konnen. Dazu wird ein Ansatz
vorgestellt, der mithilfe zweier komplementérer Reifegradmodelle die NIS2-Transforma-
tion in einer Landesverwaltung messbar und steuerbar macht. Wir présentieren und
diskutieren in den ndchsten Abschnitten die aktuell laufende iterative gestaltungs-
orientierte Entwicklung der Modelle KOMPASS und SEXTANT (vgl. Abbildung 1) und
skizzieren zum Abschluss die nédchsten Schritte, in denen eine ldnderiibergreifende
Verbreitung und Verbesserung dieses Ansatzes angestrebt wird.
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Abb. 1: Iterativer Entwicklungsprozess

2  Methodik: Anwendungsbereich und MafBnahmen

Reifegradmodelle sind ein etabliertes Mittel, um komplexe Anforderungen systematisch
zu operationalisieren und Organisationen strukturierte Entwicklungswege aufzuzeigen.
Im Kontext der NIS2-Richtlinie zielt die Entwicklung eines Cybersicherheits-Reifegrad-
modells darauf ab, regulatorische Vorgaben praxisnah in bewertbare Zustinde und
konkrete Handlungsempfehlungen zu tiberfiihren, insbesondere mit Fokus auf Risiko-
management und Vorfallsbehandlung [Eu22a]. Dariiber hinaus kann die Einbindung von
MaBnahmen zur Cybersicherheitsresilienz, wie von Bejarano et al. [BRM21] vorgeschla-
gen, die Anwendbarkeit des Modells im Kontext NIS2 verbessern.

Die urspriingliche Zielsetzung war die Entwicklung eines Reifegradmodells
(SEXTANT), das die organisatorische und prozessuale Dimension der NIS2-Anforde-
rungen abbildet. Erste Evaluationen und Feedbackrunden zeigten jedoch, dass individu-
elle Kompetenzen der beteiligten Mitarbeitenden bislang vernachldssigt wurden, obwohl
sie entscheidend fiir die Umsetzung und Wirksamkeit organisatorischer Maflnahmen
sind. Parallel zur Entwicklung wurden zudem neue Rahmenwerke wie das RUN-Modell
[BS25] veroffentlicht, das neue Ansatzpunkte fiir Erweiterungen bietet. Dies fiihrt zu
einer Weiterentwicklung des Modells in Form eines zweiten Artefakts, genannt
KOMPASS, das insbesondere die individuelle Reife adressiert und somit als
komplementére Erweiterung zu SEXTANT fungiert.

Damit folgt die Modellentwicklung einem iterativen und adaptiven Vorgehen im Sinne
des Design-Science-Ansatzes. Bei den hier vorgestellten Modellen wurden folgende
Dimensionen aus den Entscheidungsparametern zur Modellentwicklung von Mettler
[Mel1] gewdhlt: Es handelt sich um eine spezifische Herausforderung im interorganisa-
tionalen fortschreitenden Kontext fiir eine gemischte Zielgruppe, mit dem Ziel, die
Modelle bereitwillig zu teilen. Dabei wird eine Kombination aus personen- und prozess-
orientiertem Design angewendet, welches in einem ein- und einem mehrdimensionalen
Modell resultiert. Dabei werden sowohl Theorie als auch praktische Erfahrungen
beriicksichtigt. Als Ergebnis gibt es sowohl eine schriftliche Dokumentation als auch ein
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Erhebungsinstrument zur Selbstauskunft mit der Option auf externe Unterstiitzung.
Zielgruppe sind sdmtliche Mitarbeitenden in Landesverwaltungen, die bei Entschei-
dungen zur NIS2-Umsetzung involviert sind, z.B. Organisations- und IT-Leitung, aber
auch Informationssicherheitsbeauftragte und IT-Notfallmanagement. Fiir die Evaluation
der Modelle wird sowohl der Entwicklungsprozess im Austausch mit Expert:innen als
auch das Feedback aus semi-strukturierten Interviews im wiederholten praktischen Ein-
satz betrachtet. Dabei konnen sowohl Form als auch Inhalt Ziel von Anpassungen und
Verbesserungen sein.

SEXTANT soll insbesondere bei der Malnahmenplanung auf strategisch-taktischer
Ebene unterstiitzen, wihrend KOMPASS auf taktisch-operative Entscheidungen aus-
gerichtet ist. Insbesondere an Schnittstellen sollte fiir eine ganzheitliche Betrachtung auf
die Erkenntnisse aus beiden Modellen zuriickgegriffen werden (vgl. Abb. 2). Im Folgen-
den werden die beiden Modelle sowie deren zugrunde liegende Konzeptionen vorge-
stellt.

D

STRATEGISCH Yo SEXTANT
/\_/Q‘.v\-/
/—
TAKTISCH ,
OPERATIV " KOMPAsS

Abb. 2: Modellpositionierung innerhalb der Managementebenen

3 SEXTANT: Systematisches Evaluationsmodell fiir iteratives
Tracking und Analyse der NIS2-Transformation

SEXTANT st ein Reifegradmodell mit Erhebungsinstrument, welches auf Basis des
Reifegradmodells fir den BSI IT-Grundschutz [BS24a] und dem NIS2-Umsetzungs-
rechtsakt [Eu24] entwickelt wurde. Der BSI IT-Grundschutz ist im vorliegenden Fall das
empfohlene Rahmenwerk, sodass das amerikanische CSF [Na24] nicht weiter beriick-
sichtigt wurde.

Implementierung Es wurde zundchst ein Fragebogen mit festen Antwortoptionen
entwickelt. Grundsitzlich wurden die abgefragten Aspekte dem NIS2-Umsetzungs-
rechtsakt [Eu24] entnommen und dann in den einzelnen Teilbereichen mit Standards des
BSI und verwandten Anwendungsfeldern verglichen. Der NIS2-Umsetzungsrechtsakt ist
in mehrere Teilbereiche mit vorgeschriebenen MafBinahmen fiir IKT-Dienstleister aufge-
teilt, die auch fiir alle anderen von der NIS2-betroffenen Einrichtungen eine hilfreiche
Richtlinie fiir die Umsetzung bieten. Fiir die Erhebung wurden entsprechend die
Teilbereiche Informationssicherheitsmanagementsystem (ISMS), IT-Notfallmanagement
(BCM) und Schulungen auf organisationaler Ebene ausgewéhlt. Ergdnzt um eine Frage
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zum generellen NIS2-Bewusstsein, um herauszufinden, inwiefern die neuen Anforderun-
gen der NIS2 in den einzelnen Einrichtungen angekommen sind.

Fiir den Bereich ISMS wurden die abgefragten Bereiche mit dem Leitfaden fiir eine BSI
[S-Kurzrevision [BS21] angepasst, wiahrend der Bereich BCM aus dem BCM -Praktiker-
Curriculum [BS24a] stammt. Der Bereich Schulung wurde auBerdem an das Awareness
Program Maturity Model (APMM) von Majewski [Ma22] angelehnt. Hier werden
Durchfiihrungszyklus, Teilnahmequoten und Art der Evaluation sowie Wissensiiberprii-
fung erhoben. In Tabelle 1 sind die BSI-Reifegradstufen, die als Grundlage fiir die Ant-
wortoptionen herangezogen wurden, abgebildet.

Aus diesem Fragebogen kann ein Bericht zur erreichten Reifegradstufe mit allgemeinen
und organisationsspezifischen Handlungsempfehlungen generiert werden, der den unter-
suchten Behorden Ansatzpunkte fiir die weitere Umsetzung liefert. Eine visuelle Auf-
bereitung des Reifegrads ermdglicht den Vergleich mit dem landesweiten Durchschnitt
(vgl. Abb. 3).

Stufe Reifegrad
0 Es wurden keine MaBnahmen ergriffen.
1 Es gibt Planungen, aber noch keine Umsetzung.
2 Teilweise Umsetzung und Dokumentation.
3 Vollstdndige Umsetzung und Dokumentation.
4 Vollstindige Umsetzung und Dokumentation mit regelmiBiger Uberpriifung.

Tabelle 1: Reifegradstufen geméll BSI [BS24b)]

Die Handlungsempfehlungen wurden von zertifizierten BSI IT-Grundschutz und
Didaktikexpert:innen fiir jeden Reifegrad erarbeitet.

Organisation
5,0

Schulung ISMS

BCM NIS2

= Reifegrad Durchschnitt

Abb. 3: Beispielhafte Visualisierung des Reifegrads
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Eine quartalsweise Durchfiihrung der Erhebung zielt darauf ab, sowohl den Fortschritt
innerhalb einzelner Behorden als auch den Vergleich mit dem landesweiten Durchschnitt
abzubilden. Aufgrund der spezifischen Vertraulichkeitsanforderungen, Strukturen und
Kommunikationswege von Behdrden, insbesondere in der Landesverwaltung, basiert die
Datenerhebung primér auf Selbstauskiinften. Um Verzerrungen durch bewusste oder
unbewusste Uber- bzw. Untertreibungen zu minimieren, ist die Schaffung eines
vertraulichen und vertrauensvollen Erhebungsumfelds sowie eine klare Verkniipfung mit
langfristigen, auch politisch gesteuerten, Zielsetzungen essenziell.

Pilotierung und Evaluation In einer ersten Iteration in Q4/2024 bis Q1/2025 wurde der
Fragebogen an die Informationssicherheitsbeauftragten der aktuell 15 von der NIS2-
betroffenen Behorden verteilt und in Einzelterminen in semistrukturierten Interviews
durchgesprochen, um festzustellen, ob die Fragestellungen sowie Sinn und Zweck der
Abfrage verstindlich sind und welche Verbesserungsvorschlédge es gibt.

In den Evaluationsgespriachen wurde bei mindestens zwei Dritteln der befragten Behor-
den angemerkt, dass gerade bei neueren Mitarbeitenden im Bereich der Informations-
sicherheit durchaus Kompetenzen fehlen, um die jeweiligen Bereiche einschitzen zu
konnen, und es unklar ist, was die eigenen Aufgaben und benétigten Fahigkeiten sind.
Dies hat gezeigt, dass es nicht ausreicht, die organisationale Reife zu erheben, sondern
ebenfalls die personelle Ebene betrachtet werden muss, um eine erfolgreiche Umsetzung
der NIS2 zu gewihrleisten, weshalb in einer weiteren Iteration die Entwicklung von
KOMPASS begonnen wurde. Dieses soll insbesondere die individuelle Reife adressieren
und somit als komplementére Erweiterung zu SEXTANT fungieren.

Bei einem Dirittel der befragten Behdrden wurden die vorgegebenen Antwortmoglich-
keiten auf Basis der sechs Reifegrade kritisiert, da so im Fragebogen keine Mdglichkeit
bestand, anzugeben, ob ein Bereich zentral umgesetzt wird, falls die befragte Behorde
deshalb keine Aussage treffen kann. Dies wird in der nichsten Iteration insbesondere bei
operativ-technischen Aspekten und dem Bereich Schulungsorganisation angepasst.
Durch die Entwicklung des individuellen Erhebungsinstruments KOMPASS kann
auBerdem der Bereich NIS2-Bewusstsein verschoben werden. In der initialen Version
konnten dariiber hinaus die Anforderungen vom RUN des BSI [BS25] noch nicht
beriicksichtigt werden, da dieses erst nach dem Start der ersten Iteration vom BSI
veroffentlicht wurde und in jeder Iteration ein einheitlicher Fragebogen fiir alle
Betroffenen genutzt werden soll, um vergleichbare Ergebnisse zu erhalten. Dieses wird
in der nédchsten Version von SEXTANT ebenfalls mit einbezogen, um die Fragen den
aktuellen politischen und regulatorischen Anforderungen gemaR zu schérfen.
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4 KOMPASS: Kompetenzorientiertes Maturity Modell fiir Public
Administration in fiinf Stufen

Dieser Abschnitt stellt das erste Grobkonzept von KOMPASS vor, einem kompetenz-
orientierten Reifegradmodell fiir die o6ffentliche Verwaltung, das in fiinf Stufen die
erforderlichen Kompetenzen der Entscheidungstragenden fiir eine erfolgreiche NIS2-
Umsetzung in einer Landesverwaltung abbilden soll.

Implementierung Ziel ist es, Schulungs- und Unterstiitzungsangebote gezielt zu
entwickeln und operative MaBinahmen priorisiert zu férdern. Statt einer eindimensiona-
len Uberpriifung entlang empfohlener Standards, wie dem BSI-Grundschutz, fokussiert
das Modell spezifische Teilbereiche. Dabei wird untersucht, inwieweit sowohl die in-
dividuelle Kompetenz — von theoretischem Wissen bis zur praktischen Anwendung
(angelehnt an Krathwohl; Anderson [KAO1]) — als auch die Funktion als Multiplikatoren
innerhalb und zwischen Organisationen ausgepragt ist (vgl. Abb. 4).

Anderson

BSI B0 Kompetenz
Krahtwohl

KVP [ Weiterentwicklung 5 Erschaffen

Uberprifung 4 Erfahrung 4 Analysieren

Umsetzung und
Dokumentation
Teilweise
Umsetzung

Elantng E cannenT

keine kognitive
Auseinandersetzung

3 Praxis Anwenden

N

Theorie Verstehen

keine Planung

o

Einstieg

Multiplikat Einstieg |Punktuelles |[Systematisches [Wissen Aktive Multiplikator
Ditpkaton Lernen Lernen dokumentieren [Weitergabe |und Mentor
0 1 2 3 4 5

Stufe

Abb. 4: KOMPASS-Treppe

Insbesondere in der offentlichen Verwaltung mit regulierten Ressourcen in Bezug auf
Personal und Schulungen ist es wichtig, den Bereich Kooperation und Wissensaustausch
ebenso zu fordern, wie den individuellen Wissenserwerb. Die niedrigere Stufe in einer
der beiden Dimensionen bestimmt dabei den Gesamtreifegrad im jeweiligen Bereich, um
eine partizipative und kooperative Kultur der Informationssicherheit zu fordern. Dabei
ist es unabhdngig davon, ob die Personen in der Leitungsebene oder im operativen
Bereich beschéftigt sind. Der in Abschnitt 1.2 vorgestellte Kompetenzrahmen bildet
dabei die Grundlage. Neben dem theoretischen Wissen sollen deshalb auch die entspre-
chenden Kompetenzen im Bereich der Kommunikation, Eigeninitiative und Teamféhig-
keit erhoben werden [Fi23]. Im Bereich der fachlichen Kompetenzen werden auch die
Anforderungen aus der NIS2 in den Bereichen Informationssicherheits- und IT-Notfall-
Management im Rahmen des DigComp-Frameworks [VKP22] erfasst. Dazu gehoren
u.a. Prozessidentifikation und -dokumentation, Risikoerkennung und -bewertung, Verfas-
sen und Kommunizieren von Richtlinien. [Eu22a; Eu24; Ra22]
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Um die Verstindlichkeit und Praxistauglichkeit des Modells fiir Mitarbeitende im
offentlichen Dienst zu erhdhen, wurden die Bezeichnungen der einzelnen Stufen in der
Kompetenzdimension alltagsnah umformuliert. Dadurch wird eine Anwendung des
Modells auch ohne Kenntnisse didaktischer Konzepte ermdglicht. Tabelle 2 zeigt die
Zuordnung der neuen Bezeichnungen zu den kognitiven Prozessdimensionen nach
Krathwohl; Anderson [KAO1] mit einer kurzen Herleitung. Der KOMPASS-Ansatz
adaptiert Mettlers Erkenntnisse iiber die ,Knowing-Doing-Gap°‘, indem er Kompetenz-
entwicklungen nicht nur als statische Wissensverfiigbarkeit, sondern als abgestufte
Anwendungspraxis modelliert (Stufe 1: Einstieg — Stufe 5: Multiplikator). Deshalb
werden die Wissensdimensionen nicht aus der Taxonomie [KAO1] iibernommen, sondern
die Reife als Multiplikator im Wissenstransfer betrachtet. Die jeweiligen Stufen der
Multiplikator-Dimension sind eine Eigenentwicklung und miissen in der Pilotierung auf
ihre Wirksamkeit und Giiltigkeit iiberpriift werden. Die Idee ist, dass von der individu-
ellen punktuellen und systematischen Auseinandersetzung eine Dokumentation der eige-
nen Erfahrungen und schlieBlich eine Weitergabe und Vermittlung an andere erfolgen
sollte, um den Wissenstransfer in einer Organisation zu fordern.

Stufe Kompetenz Reifegrad

5 Weiterentwicklung  Erschaffen: Vorhandene Standards, wie z.B. der BSI IT-
Grundschutz, sollen nicht nur angewendet, sondern fiir den
jeweiligen Bedarf angepasst, weiter- oder neu entwickelt werden.

4 Erfahrung Analysieren und Evaluieren: Erfahrung ist der kontinuierliche
Prozess der Analyse und Evaluation, um z.B. im Bereich
Sicherheit auf einem aktuellen Stand zu bleiben.

3 Praxis Anwenden: Das theoretische Wissen wird durch Anwenden von
Féhigkeiten und Fertigkeiten in die Praxis umgesetzt.

2 Theorie Verstehen: Durch das Verstehen von Konzepten und
Zusammenhéngen werden Theoretische Grundlagen angeeignet.

1 Bewusstsein Erinnern: Als erste Stufe ist es wichtig sich der Sicherheit
bewusst zu sein und sich immer wieder daran zu erinnern.

0 Einstieg Keine Auseinandersetzung.

Tabelle 2: KOMPASS: Kompetenz basierend auf Krathwohl; Anderson [KAO1]

In der aktuell laufenden Iteration des gestaltungsorientierten Vorgehens sollen zunéchst
fir jede Dimension und Stufe konkrete Lernziele [KAO1] definiert werden, die den
angestrebten Kompetenzaufbau widerspiegeln. Ein darauf abgestimmtes Erhebungs-
instrument, bestehend aus Selbsteinschitzungen mit qualitativen und quantitativen
Elementen, soll die Bewertung des eigenen Kompetenzniveaus ermdglichen und die
kontinuierliche Weiterentwicklung unterstiitzen — nicht nur im Sinne eines Status-
berichts, sondern als lernforderndes Steuerungsinstrument. Auch hier sollen bei der
Auswertung allgemeine und individuelle Handlungsempfehlungen mitgegeben werden.

Pilotierung und Evaluation Das Modell und sein Erhebungsinstrument sollen bis
Q3/2025 so weit entwickelt worden sein, dass eine erste Anwendung und Evaluation im
Rahmen einer Pilotierung mit ausgewdhlten Organisationseinheiten, ergénzt durch
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Workshops und Experteninterviews, innerhalb der untersuchten Landesverwaltung
durchgefiihrt werden konnen.

5 Fazit

Informations- und Cybersicherheit ist ein dynamisches Feld, das kontinuierliche
Anpassungen erfordert. Mit den hier vorgestellten Modellen — SEXTANT und dem
darauf autbauenden KOMPASS — soll mittelfristig ein Instrument geschaffen werden, die
NIS2-Umsetzung nachhaltig zu unterstiitzen und zu dokumentieren. Die zusammen-
gefiihrten Ergebnisse der eng verzahnten Modelle ermoglichen eine systematische
Bewertung der NIS2-Reife, wobei beide Modelle regelméBig zu iiberpriifen und anzu-
passen sind.

Bislang steht nur eine begrenzte Anzahl empirischer Studien zur Verfiigung, die sich mit
der praktischen Umsetzung der NIS2-Richtlinie und dem Aufbau entsprechender
Sicherheitskompetenzen in Organisationen befassen. Dies ist nicht zuletzt auf die
Aktualitdt des Regelwerks und die teilweise noch ausstehende nationale Umsetzung
zurlickzufithren. AuBerdem handelt es sich um ein hoch volatiles Forschungsfeld, in dem
nachhaltige und praxisrelevante Erkenntnisse nur in enger Zusammenarbeit mit betroffe-
nen Organisationen gewonnen werden kénnen. Die geringe Studienlage wird dadurch
verstirkt, dass praktische Forschung hiufig durch eingeschrinkten Zugang zu sensiblen
Informationen, begrenzte Erhebungsmoglichkeiten und organisationsspezifische Rah-
menbedingungen erschwert wird.

Dieser Beitrag hat Reifegradmodelle in der Informations- und Cybersicherheit,
insbesondere als Teil der NIS2-Umsetzung in der 6ffentlichen Verwaltung, betrachtet
und die erste iterative Entwicklungsphase von dem strategisch-taktischen Reifegrad-
modell SEXTANT vorgestellt und den Beginn der zweiten Iteration mit den vorge-
sehenen Anpassungen an SEXTANT und dem Beginn der Entwicklung des taktisch-
operativen, auf individuelle Aspekte zugeschnittenen KOMPASS-Modell behandelt. Als
néchster Schritt wird die zweite Iteration fortgefiihrt. Eine Verteilung von SEXTANT 2.0
an weitere interessierte Landesverwaltungen mit entsprechender Dokumentation und
Auswertungswerkzeugen ist ebenfalls angedacht. Dariiber hinaus ist die Entwicklung
eines Schulungskonzepts auf Grundlage der KOMPASS-Ergebnisse geplant. Dieses soll
gemeinsam mit den strategisch taktischen Empfehlungen aus SEXTANT in der Landes-
verwaltung implementiert werden.
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Evaluation of as well as a Software for
a Scoring Model for Public Administration
Process Prioritization in Germany

Tim Pidun">"', Dirk Miiller?,Eric Freudenberg®

Abstract. We apply the IS Success Model to the domain of public administration in Germany to
formulate an alternative approach as well as a matching scoring model to overcome the prevailing
political prioritization of public service processes. The proposed score that had been developed and
explained already in previous work, is evaluated in six case settings in this contribution, featuring
four administrative levels, using three different methods and two views on implementation. More-
over, an appropriate application software to calculate the score is proposed and the results of the
evaluation in the context of usability is discussed. Finally, potential developments as well as future
research suggestions frame the paper.

Keywords: eGovernment, Digitalization, Public Service, Administration, Informatics, Score

1 Introduction

Digitalization is one of the major worldwide technological trends in the 21st century
(e.g. [Ha22]). Also Germany as the economically leading country in the European Union
[In23] is following this approach. The pace of this transformation, however, is signifi-
cantly falling behind several other EU countries [Eu22]. This is especially true in the
domain of public administration [Fu22]. Reasons could be complex decision processes
due a historically motivated well-balanced administrative structure [Pa49], a lack of IT
professionals [Mc23] and the German Angst of (technological) change, especially in the
political level [Ne23]. Though, there are some central legislative initiatives in order to
accelerate the digitalization in public administration in Germany, the most prominent
being the “Onlinezugangsgesetz” (OZG, Act for the Improvement of Online Access to
Public Services, [Bul7]) and its subsequent legislative amendments [Bu23], originally
supposed to be fully implemented by the end of 2022. All in all, the Federal Ministry of
the Interior and Community (Bundesministerium des Inneren und fiir Heimat, BMI) as
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OZG process responsible counts 1780 administrative services in Germany that potential-
ly can be digitized, both facing the citizen and featuring internal administrative processes
[Bu23]. The OZG refers only to service processes that directly affect the citizen and
hence, 575 “OZG-Processes” were defined. They are distributed among the federal, the
state and the municipal level in Germany. Every OZG Process is organized and imple-
mented by one leading federal ministry and as for the rest of the (internal) processes, the
“Einer fiir Alle” principle (EfA, One for all) is recommended, which means that a public
service process that has been set up already must also be re-used and not be set up again
in different formats or instances in the different administrative levels. The original dis-
tinction of OZG process priorities was aligned exclusively to the citizen’s demand of the
services — demand by the citizens in real life, via the central service phone line and out
of the European regulation and guideline “Single Digital Gateway” [SH18, S. 15], which
meant that every service process was considered to be as “digital-to-be” important as the
others, thus lacking a common sense on proper prioritization, because back then and still
today (and despite the review of the OZG that is ongoing at the moment in Germany),
the multitude of OZG-services is prioritized only by political will. In September 2023,
the federal government in Germany proposed to prioritize fifteen so-called “Focus”-
Services [Bu23]; every state was entitled to fully digitalize one OZG Process for direct
re-use by the other states and players. Previously in 2022 and in the light of the then
coming deadline, thirteen so-called “Booster”’-OZG-Processes were defined and priori-
tized but unfortunately not implemented in it's entirety. In the domain of Business and
Administrative informatics, it is very common to consider service processes as well as
their technical implementation as Information Systems (IS) in the meaning of a soci-
otechnical system that is built to automate tasks [GRB04]. Thus, we used the common IS
Success Model [DM92] to describe Success Drivers and hence an approach for prioriti-
zation in the domain of public service in Germany [PM23], originally focused to the
citizen-centered OZG processes. In the following, we will briefly explain this approach
and a proposal for a formula to calculate a score quantifying the priority of the respective
process in Chapter 2, evaluate it with six different examples as well with the introduction
of a software for score calculation in Chapter 3 and discuss results, extensions and future
research in Chapter 4.

2 Approach

2.1  Political, administrative and user background

As mentioned before, all prioritizations of public services were mainly driven by politi-
cal will, hence we retain this approach in the proposed scoring model with an “political”
operator of importance, ranging from 0 to 2 as highest importance. Moreover, the
amount of cases drove the importance of processes in the past, hence we also address the
amount of annual cases as additional operator in logarithmic scale. From the political
perspective, there is also no distinction into a higher importance to implement real digi-
talization than to put a simplistic digitization of public service processes in place. Ac-



Evaluation of as well as a Software for a Scoring Model for Public Administration
Process Prioritization in Germany 43

cording to Bogumil et al. [J622], there are three different levels of process execution in
public service: First, the mere electronification of analog documents and processes in a
digital form (e.g. the offer of a web form or a PDF), second the digitalization of service
structures and processes to implement a fully digital communication (e.g. the application
for and decision of a service) and third a transformation of authorities by adaption of
staff and qualification structures as well as full institutional cultural change (but as the
transformative change level cannot be addressed mainly by an information systems ap-
proach, it will not be considered further).

Though, the goal of digitalization (in the context of the industry roughly comparable to
an automated process without basic action of a person) is favorable in our view and
hence of higher priority because it fits the “Once Only” approach, coming from another
legal requirement in Germany, the “Registermodernisierungsgesetz” (RegMoG, Law
introducing and using an identification number in public administration and amending
other laws, [Bu21]). The RegMoG demands to re-use datasets of citizens instead of keep-
ing multiple copies for different purposes, which would be the case if every public ser-
vice process requires to fill in the same personal data into its own PDF. Hence, we as-
sume a certain sustainability if the process contributes to the “Once Only” or the “One
for all” principle. Moreover, we prefer the full digitalization as favorable “automation”
of processes, comparable to the process flow featuring very few contact points to admin-
istrative officers or their personal work (cf. Chapter 3). If the process still is mainly cov-
ered by personal work of administrative officers, we assume the level of simplistic elec-
tronification.

If the service process is coming from the citizen-centered OZG process set, a more de-
tailed “maturity level for OZG service processes” from 0 to 4 can be applied, but we
propose to evaluate every service process according to its “customer” centricity (in this
case: other internal users of the service) if applicable. The importance of the process rises
with its shift of maturity levels, hence a process that shifts an analog process to full-
service automated communication with the citizen (Level 3) is of higher priority than a
process that features the provision of a web page with information (Level 1). These
thoughts also point to the need to consider two different levels of technology acceptance
in public service: The organizational and the individual level (see also [WCMO7]), repre-
senting the professional users in administration as well as the citizen users. Hence, we
claim to consider to expand the set of affected users: the professional user in public ad-
ministration on the one hand (aka key users, public employees or officer) whose day-to-
day tasks are about to be automated (and who are traditionally are the only user group in
information systems’ design) and the citizen user that occasionally uses information
systems to interact with the public administration. In this context, the professional users
in administration need appropriate application systems and infrastructural Hard- and
Software (technical systems), the citizen user needs appropriate and accessible infra-
structure, e.g. their own mobile devices with access to the publicly available application
systems.
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2.2 Information Systems Success Model and Operationalization

From April to June 2023, we performed a structured review in multiple databases along
the search terms (“IS” or “Information Systems”) and (“success” or “evaluation”) and
(“public” or “administration”) that resulted in seven papers which were containing an
overview on the most common IS evaluation approaches used in public service. Sum-
ming up, most of the applications of IS evaluations in the public sector use the Infor-
mation Systems Success Model [DMO03]; therefore we also suggest to use the ISSM as
validated theory transporting model. Moreover, in this previous research [PM23] we also
showed that our assumed selective aspects for Public Administration in Germany actual-
ly are driving the input as well as the output of IS Success (drivers) via generic interme-
diate Success Drivers [PDM13]. We therefor propose the following causal model, the
original ISSM being outlined in light grey, the selective aspects in black (Fig. 1):

Infrastructural
Hard- and Software Amount of annual Process
and Application cases participants
Systems
Importance or
Impact
0ZG Level Shift
Cost
— Savings
Citizen Sustalnability
User
Professiona
User
Low-level
Electronification
High-level
Digitalization

Fig. 1. Causal ISSM model for Public Administration in Germany
In this model, we use the following definition of the selective aspects:

Citizen User and Professional User (u) explain whether an IS is designed to only serve
the citizen user or at the same time the internal professional user. In this case, the impact
and visibility of the process is much higher and hence the priority should rise. If only
Professional Users are affected: multiply the values by 1, if also Citizen Users are affect-
ed: multiply by 2.

Amount of annual cases (e) describe the link between the amount of cases the process
needs to cover and the higher importance and automation potential of the process. If e is
below 10: plus 0. Below 100: plus 1 etc. along a logarithmic scale (e= int(lg(cases))).
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Process participants (p): The more process participants, the more complex the process
will be and hence the more potential for optimization and automation rises. This also
covers processes that interact between state and federal level If there are below 5 partici-
pants we suggest to calculate plus 0. below 10: plus 1, below 15 plus 2, below 20 plus 3,
above 20 plus 4.

Low level electronification and high-level digitalization (d) points to the problem that if
the process is just set up to imitate the common analogue process, the effort and success
are lower than the digitalized, customer-faced process. If only electronification is used,
we suggest to multiply the value by 1, if a digitalization approach is applied, multiply by
2.

Importance or impact (i) is the political adjusting screw that can be used to prioritize
manually. It should be used in a conscious manner and only a balanced set of processes
should be of high or critical prioritization We suggest normal process prioritization by
multiplying the values by 1, high priority processes multiply by 2 and critical processes
by 3.

OZG level shift (o) is the delta between the initial OZG (citizen oriented) level of the
process and its level after implementation. Hence, a value of 0-4 should be added. This
shift value can also be used if the process stays purely internal without OZG relevant
citizen contact, e.g. does the digital process feature a shift from paperwork to digital
document transfer (Shift from 0 to 1) or to from separated digital applications by the
citizen user to automated processing between authorities (from 1 to 2). Note that in case
that no level shift can be obtained and so, an OZG improvement cannot be assumed at all
(which ultimately is the goal of the OZG), 0=0 and subsequently, the first factor would
result in 0 as well, thus negating the impact of the entire process change in principle.
This depicts the necessity to strive for tangible changes in process digitization, measured
in OZG levels. In this case or if OZG levels cannot be applied for other reasons, the
alternative use of d alone can be considered.

Infrastructural Software, Hardware and Application Systems (t) point to the problem that
in public service information systems. infrastructural Soft- and Hardware as well as new
Applications are needed, for both professional and citizen users. Every functional entity
counts 1, if citizen users are involved: multiply by 2. Integrated Information Systems or
Devices that cover a multitude of functional entities (e.g. Software suites with more than
one application or Mobile Phones with more than one sensor) can be considered as one
functional entity.

Cost (c) points to the projected (ex ante) or real cost (ex post) only of the digital project
implementation. Cost and Savings (s) must both be compared from the same perspective
and including all cost categories such as material, labor etc. and are calculated as amount
in €.

Savings (s) are considered as cost that disappears permanently due to the implementa-
tion, as the focus of the prioritization is the (potential) implementation of digital process-
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es, not daily business efficiency. Moreover, It might be a good idea to round the scores to
at least integer values or to multiples of ten (e.g. 20 instead of 21.2) in order not to pre-
tend a level of accuracy that is not achievable by this simplistic approach.

Sustainability (y) is given if the project contributes to the “Once Only” or the “One for
all” principle. In this case, multiply the savings by 2. If cost or savings are not well
measurable or not directly related to some benefit, the calculation may be limited to the
consideration of sustainability as only output value.

We must also mention that if such variations (as well as e.g. rounding conventions or
estimations) are applied to the scoring model in the individual prioritization project, all
the processes in comparison have to use the same algorithm in order to be comparable
and hence, to be sortable.

Combining the success dimension, their drivers and the selective aspects, we use them as
operators to form a prioritization approach with the goal is to form an indicator that can
easily be put into an order to be compared to other processes. Hence, we argue to rise the
indicator if input complexity rises as well as the ratio between savings and cost; both as
addition put down to following formula (for further details please refer to [PM23]):

Prio = Input + Output (1)
Input=(o-i-d)+(u-((e+p)+t)) (2)
Output == (3)

c

3 Evaluation

3.1 Methodological Background

In a first step, we applied the Scoring model to one real and one potential case out of the
administrative level of the municipalities in June 2023. One case referred to a rather
urban area with many inhabitants and good infrastructure and the other case to a rather
rural area with long ways to the central administration, both leading to meaningful re-
sults. As we only briefly mentioned the application and considered the concept as appli-
cable in principle [PM23], this contribution features the full process description as cases
1 and 2. Moreover, we projected the evaluation in practice in the next step, thus defining
the frame for cases 3 and 4. We therefor adopted a data and method triangulation ap-
proach in order to generate diverse and individual results that can be considered as proof
of concept and blueprint in both different administrative levels and applications or set-
tings. Besides this simple application of the concept to two cases, we used the methods
of Transdisciplinary Workshops and Expert Interviews.



Evaluation of as well as a Software for a Scoring Model for Public Administration
Process Prioritization in Germany 47

A Transdisciplinary Workshop is defined as a workshop featuring both scientists as well
as external experts that are practically applying the scientific results in their own setting
of professional knowledge or discipline and according to their unique perspective to the
scientific problem [DD14, S. 71]. If the external experts are either only object of investi-
gation or audience, they are not part of a Transdisciplinary Workshop. The characterizing
elements of a TW are consent on the goals and the process of working together, the inte-
gration of individual contributions and obtained results into one common knowledge
base and the diffusion of the results in an appropriate and usable way. Case 3 was com-
piled in a Transdisciplinary Workshop with 21 participants in November 2023 in Berlin,
where practitioners from administration, business and science met for workshops in the
context of eGovernment and Governance/Administrative Informatics. The goal of the
workshop was to evaluate the applicability and usability of the aforementioned Scoring
model. The case points to a process on the state level of administration, thus expanding
the data set to two administrative levels. Some more hints on potential proof of con-
cept/application were given in these workshops and found entry in the descriptions of the
model in this contribution up to now.

Third, Expert Interviews use the method of a problem-centered interview to extract
qualitative data from experts, whereas the definition of an expert ranges from rather
vague to highly domain-specified descriptions. They demand a continuous reflection on
the content and methodological approach to the body of investigation, the design and
analysis of the questions and answers and the validation and modification of the results.
Hence, the expert interview features an iterative way of exploring and interpreting in-
sights [JR09, S. 35]. By performing a certain number of expert interviews, scientists may
find common statements and consensual opinions of the interviewed community to some
extent. In Case 4, we performed an expert interview with a leading responsible person
for digitalization on the federal level, located at the Federal Ministry of the Interior and
Community in Germany in December 2023. The case refers to a process that only ad-
dresses the federal level, thus embodying a service for all affected citizens.

Case 5 refers to a case that features a “greenfield” implementation for an all-new pro-
cess, collected during a TW with 20 participants in August 2024 in Merseburg, Saxony-
Anhalt, Germany. Case 6 is the result of a TW in September 2024 in Berlin with about
30 participants and features another new perspective for the model implementation:
There, a consulting company had to re-model a process for a State in Germany. Finally,
we developed a software prototype from March 2024 to January 2025 that enables users
of the scoring model to automate the calculation of the score by simply typing in the
appropriate values as well as to bulk import csv or Excel tables with values.

3.2 Case 1: Dog license fee for the City of Munich
In this case, citizens are applying for a dog license via an online registration process on

the city’s web site. Using the usual internal process, the application regularly leads to a
license notification that is being sent to the citizen in paper form. Hence, both citizen and
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professional users are affected, this u being set to 2. There are more than 40,000 dog
owners in Munich [Wa22]. About 2/3 of them used online registration in 2022, which
results in about 26,000 online use cases. Hence, we should set e= int(1g(26,000))=4 for
this huge amount. As relevant process participants, there is only the citizens of Munich
and the municipality of Munich, being represented to one officer which is clearly less
than 5. So, we set p=0. Evidently, d=2 has to be assumed because of a high-level digital-
ization implemented here due to the automation of the process input, coming only with a
final check from the officer. The digitalization of dog fee processes is of a medium polit-
ical importance, yielding i = 2. The OZG level will be shifted from level 1 to level 3.
Previously, there was basic electronification with simple PDF documents. It will be level
3 but not level 4 (fully digital-both-way communication) since conventional postal ser-
vice will still be required in exceptional cases like returning dog fee badges or communi-
cating sensitive personal health data for registering assistance dogs. There is neither new
hard- nor software required for the infrastructure, browsers supporting PDF are assumed
being available. Only an app will be newly needed, both on the citizen and professional
side. This gives a t=(0+0+1)*2 of 2. Hence, we obtain as input a value of
(2*2*2)+(2*((4+0)+2)))=20.

As for the output side, cost is estimated to 1,000,000 €, and savings to 600,000 €. But
due to the reusable contributions for input management and for electronic files (“E-
Akte”) [Wa22], sustainability is clearly given, yielding an effective doubling in savings.
Hence, there is a usable output of (600,000*2)/1,000,000=1.2.

The sum of input and output results in a score of 20+1.2=21 for the dog license fee pro-
cess in Munich.

3.3  Case 2: Car registration in the Uckermark district

In this case, we projected the potential digitalization of the registration process for cars
in the rural Uckermark district, because in this largest region in Germany, citizens could
better be supported by offering an online process in comparison to traveling to the cen-
tral district administration in person. Both citizen and professional user are affected,
hence u is set to 2. We estimated the number of annual car registrations in the Ucker-
mark region to 8,000 based on 40,000 cars for the 120,000 inhabitants and an estimated
change of ownership of a car every five years. So, an e=int(Ig(8,000))=3 should be cho-
sen. There are many participants on all levels of administration in the process of car reg-
istration, from the processing district officers, payment and production stakeholders to
the license holder registration at the Federal Motor Transport Authority that holds a cen-
tral database for severe traffic violations. We estimate this number to be 10 to 14, yield-
ing the parameter p=2. The management of cars is considered critical in the political
context of prioritization, so, the impact variable i is 3. In this case, we project a high-
level digitalization with full process automation, hence d=2. The OZG level will be shift-
ed from level 1 to level 3 because physical output is necessary and cannot be avoided.



Evaluation of as well as a Software for a Scoring Model for Public Administration
Process Prioritization in Germany 49

This gives 0=2. We need new hardware, software and apps on the citizen and the profes-
sional side. Hence, t=(1+1+1)* 2 = 6. As input, we obtain (2*3*2) +(2*((3+2)+6)))=34.

The output in this case is estimated with costs of 2,000,000 € due to necessary hard- and
software investment, the savings could reach 1,000,000 €. Based on the fact that an elec-
tronic ID card is obligatory for this process on the citizen side, sustainability is clearly
given. Hence, we obtain an output of (1,000,000*2)/2,000,000=1.

Finally, the score as the sum of input and output is 34+1=35 for the Uckermark car regis-
tration.

3.4  Case 3: Issuing “Authorisations to examine Minors” in North Rhine-
Westphalia

In Germany, the “Jugendarbeitsschutzgesetz” (Youth Labor Protection Law) requires
that a minor has to be explicitly examined by a doctor to state his/her fitness to work, the
cost for the examination being borne by the minor’s state of residence. This Authorisa-
tion to examine Minors (“Untersuchungsberechtigungsschein”, UBS) states that the enti-
tled person has the right to visit a doctor in this context and this doctor may bill the fed-
eral state for his service. Prior to the digitalization of the process, the minor applied in
person for an UBS at his/her local municipality. After authentication with his/her ID
document, the license was granted in paper form. The doctor filled in the license and
billed the state. This process has been digitalized by the state of North Rhine-Westphalia
as one of the OZG Focus Processes (every state had to implement one process for the
rest of Germany). The amount of annual cases was well described with 30,000, thus
e=int(1g(30,000))=4. The process stakeholders were the Federal Administration (the pro-
cess being presented at the federal administration processes portal), the affected state and
municipality as well as the applying person. After a review of the process documentation
in the workshop, two additional participants were identified (>5): the doctor and the
health billing company, thus resulting in p=1. The consideration of both professional as
well as citizen users lead to u=2. As the basic design of the OZG Focus processes had to
be fully automated, we set d=2. The OZG was lifted from level 0 to 4 (0=4) because as a
result, only a unique UBS-ID is generated in a newly implemented database and no
physical information carriers are needed. The Application issues an UBS-ID to the mi-
nor, the doctor checks the UBS-ID in the database, approves the examination of the con-
nected person via updating the UBS-ID Status and bills the state of North Rhine-
Westphalia via the billing company - finally the state checks the approval of the UBS-ID
and releases the payment. The UBS-ID is set to be no longer valid. No new hardware is
needed, only a new database and web application for the user side was generated, more-
over a central identification component was used (t=3). The priority was assumed to be
medium as previously generated technical components could be used and the implemen-
tation was rather easy (i=2). Summing up, the input score is (4*2%*2)
+(2*((4+1)+3)))=32.
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The process implementation results in estimated savings of about 780,000 € with an in-
vest of about 300,000 €. Thus, the Output score ((750000*2)/300000) is 5.

Finally, the score as the sum of input and output is 32+5=37 for the process. Though it
was implemented for only one state, it could and should be used by all states as federal
process due to the EfA requirement.

3.5 Case 4: Central federal “Application for an admission to an integration
course”

Under certain circumstances, immigrants to and foreigners in Germany are entitled to
attend an integration course that features language lessons as well as knowledge about
culture and the political system. The Application has to be posed at the Federal Office for
Migration and Refugees (“Bundesamt fiir Migration und Flichtlinge”, BAMF). Up to
now, the application was available as paper-based or PDF Document at the BAMF offic-
es and web pages as well as other sources, and had to be handed in/send to the local
BAMF office according to the immigrant’s state of residence in Germany. Hundreds of
thousands of applications are reaching the BAMF every year, thus setting e=5 (<IM).
During the revision of this process, the application was centralized into the federal ad-
ministration portal that is hosted by the Federal Ministry of the Interior and Community.
Avoiding a PDF form, the user keys in all relevant data of the application into one single
web form directly, thus setting t=1 and o=1 as the Level shifts from 1 to 2 (featuring a
digital application). After submission, this dataset is sent to a central BAMF entry point
where the application is reviewed and queued in to the regular, but subsequent internal
process of admission and scheduling (which is not part of the process of application in
this case), thus restricting p to 1 because only the BAMF is process participant as it was
before and d=1 because the process input is processed manually, not automatically. y is
set to 1 as the submitted data is not being used elsewhere. u is 2 because both profes-
sional and citizen users are affected of the process. i remains 1 as the process was not of
high political priority. All in all, Input scores (1*1*1) +((2*((5+1)+1)))=15.

The relation of cost and savings of the process are not exactly quantifiable (technical cost
of implementation was roughly in the five figure range), but they also of minor im-
portance because the first and foremost focus of the process is the citizen user; efficiency
gains are mostly on the side of the applicant and irrelevant to the subsequent administra-
tion process that basically stays the same. This process is unique and not re-usable, thus
not promoting sustainability. Hence, there is no more output score to add to the final
score of this entirely federal process, therefor it is set to 15.

3.6  Case 5: “Accomodation tax” for the City of Halle/Saale

In Germany, there has been observed a significant underfunding of municipalities for
many years. Hence, they have become quite creative in terms of finding new sources for
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filling financial gaps. A very popular approach is the introduction of accommodation
taxes for hotel guests. In order to facilitate a smooth, modern and not too expensive pro-
cess, the digitalization of this taxation had to be be performed via a web site to be filled
in with data by the accommodation facilities of the city of Halle/Saale.

Clearly, both professional and citizen users are affected, the hoteliers and the hotel
guests, yielding a value of u=2. From official statistics, we find about 30,000 annual
applicable cases. So, we obtain e=4 (<100k). Another factor of complexity is the number
of process participants. It is estimated to amount at least 15, but less than 20, hence we
set p=3. The choice of d=2 is appropriate since the web site should serve as an all-in-one
solution without any discontinuity of media. Next, the process is intended to support
taxation which is crucial for the public sector. This can be represented by an i=2. The
OZG level will be significantly raised (there has never been a process before) with 0=3.
The project clearly needs a web server, new software and new applications, but only for
the professional users, not for the citizen users. Hence, we set t=3. This gives an input
score of 32 by calculating (3*2*2)+((2*((4+3)+3))), with all seven input parameters
being estimated mutually by the case giver and the research team during the TW.

On the process output side, costs of about 25,000 € were calculated with estimated sav-
ings of about 50,000 €. Unfortunately, no sustainability approach was applied, so y=1.
The output score is 2 ((50,000%1)/25,000). Finally, we obtain the process prioritization
score of 34 for the accommodation tax process.

3.7  Case 6: Financial help for after-school Childcare in North Rhine-Westphalia

All-day care for pupils is getting more and more popular in Germany. It facilitates better
professional career chances for families. But for poorer families, it can be quite challeng-
ing to pay for afternoon care additional fees. Hence, the federal state North Rhine-
Westphalia (NRW) wants to support such families financially. This citizen support pro-
cess shall be digitalized centrally, but according to the individual statutory law of the
communities. In this case, a consulting company was in charge of the process implemen-
tation, thus also shifting the perspective from the ‘internal’ administration view to the
‘external’ view of a supplier that serves an administrative customer.

Again, this is a process with citizen users involved and, thus, u=2. It is estimated to have
1,000 cases per year, thus scoring e=3. Involved parties are the citizen itself, the clerk
and the payout point; p=3 is the resulting value. There are new hardware, software and
applications required only on the professional user side (in this case, it is remarkable that
many re-usable or integrated information systems were implemented in this process,
namely the central authentication component of the German federal government (Bun-
dID) and a state-of-the-art service platform of the consulting company), and thus t=3 is
obtained from this consideration. The OZG level shift o remained at 0 (and therefor, will
be omitted) because the data that had to be put in the system remains the same to the
citizen, but will be processed in different internal information systems. In fact, instead of
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just providing PDF files of the paper forms, a more advanced data processing is the goal,
so d=2. Hence, the main goal of the process rework was to gain efficiency through
throughput speed and the use of central standardized components. As there was no direct
choice of importance from the project state of the consulting company, we leave i=1. In
summary, we score an input value of 20 by calculating 2 +((2*((3+3)+3))). As cost and
savings figures were not disclosed by the consultant company, the output side of the
score remains empty. In total, the final score remains at 20.

3.8  Software prototype

The software (working title “PAPP” as for “Public Administration Process Priorization™)
was developed using C# in MS Visual Studio 2022 in a MS Windows 10 ecosystem,
using .Net Framework v4.7.2, Windows Forms as GUI and as SourceCodeControl
(SCC) Tortoise SVN. We developed the application according to the rules of Extreme
Programming [Bel2]. This approach prefers the direct and immediate solution of the
programming task to formal procedures of developing software. The target application is
also designed to run on Windows 10 machines as a standalone application.

The actual working language is German, as the Application to date is mainly designed to
be used in Germany. Figures 2 and 3 depict the level of development so far; Figure 2
shows the main input page and Fig. 3 the import and results page. To import Excel and
Access datasets, we used the MS Excel COM interface (MS Excel 16.0 Object Library
v2.8) and MS Access OLDBC Jet Driver 4.0 & ACE 12.0.
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Fig. 2. PAPP Software prototype input page
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The software is running without critical problem by the date of this contribution, hence,
in the next round of evaluation, we are seeking for public service beta testers that test
and challenge the software usability and usefulness. Moreover, we seek for professional
review rounds in further transdisciplinary workshops.

4 Results, Discussion and Outlook

In the first place, we can conclude that the scoring model is consistently applicable in
various applications and within the entire range of public administration levels in Ger-
many: federal, state, district and municipal, thus demonstrating the usability of the ap-
proach to some extent. We used a multi-method approach and collected views of both
internal administrative stakeholders as well as commercial consulting firms serving ad-
ministration from the outside. Experts and workshop participants stated their satisfaction
with the proposed model in principle during quick spotlight feedback sessions. They
discussed adaptions as well as potential applications, thus considering this tool as valua-
ble and with a certain intention to use. It expands the knowledge on public service pro-
cess digitalization, its drivers and emphases from the political priority, which was the
main leading indicator and the OZG maturity level, which was the main lagging indica-
tor of digitalization success in the past into a multitude of aspects that describe different
supportive views of prioritization, both from the input as well as from the output side.
Though, the application in the four levels during the different evaluative approaches
reveal a certain distinction between necessary and more or less optional viewpoints.

We consider to apply the model in some given practical settings in the federal states of
Brandenburg, Saxony and Thuringia in Germany in the context of a longer-running case
study, thus actually prioritizing a set of processes in one administrative level. Moreover,
a comparative study of publicly available EfA-Processes (central service processes that
can be used by other states or municipalities, cf. Chapter 1) vs. actually given processes
and implementations in the various states could offer additional insights on applicability
of success drivers and operators in different settings.

According to the demand that we had experienced during the transdisciplinary work-
shops and interviews, we decided to develop the Software described in Chapter 3.8. Alt-
hough we are aware that the prioritization approach features a rather straightforward
artefact with the proposed formula that is not very complicated and also not very com-
plicated to put down an algorithm and data processing steps, we released the application
for two reasons: Not all professional users might be aware of the possibility to calculate
the score, to sort and document the result and the subsequent measures for the digitaliza-
tion processes themselves or are not able to use appropriate technical support. So, we
have designed a supportive application that might be easier to use compared to inventing
a calculation sheet on their own.
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It might also be thinkable to expand the software into an even easier-to-use OS-
independent Web based application. Secondly, during the follow-up release cycle of the
software, future features may include explanations during the operator input or appropri-
ate drop-down menus that pre-select and support the user when in doubt, hence to further
support the professional user in their prioritization task. Future development will be in
that direction, backed up by the input of research with users and beta-testers during po-
tential workshops and test rounds as well as the case studies in the federal states.

All in all, we again invite practitioners and scientists to evaluate and challenge the scor-
ing model in order to refine and further develop it together, especially to use it in other
countries and settings.
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Mapping the Research Landscape of Public Administration
Digitalization

A Conceptual Framework from the National Perspective of Germany
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Abstract: The digital transformation of public administration is a complex and dynamic challenge
that continues to generate new research questions and practical needs. Despite growing academic
engagement, the visibility, accessibility, and transferability of research findings to administrative
practice remain limited. This paper addresses how the research landscape on public sector digitali-
zation in the German context can be systematically captured and structured to support effective
knowledge transfer. The preliminary study develops a conceptual framework that identifies key
entities, attributes, and relationships in the research domain. A multimodal methodology combines
a structured literature review, an online survey, and an analysis of public datasets. First findings
from work in progress highlight the fragmented nature of the information landscape and the chal-
lenges this poses for the knowledge transfer from research to implementation.

Keywords: Public Administration Digitalization, Digital Administration, E-Government, Re-
search Information, Research Landscape, Knowledge Transfer

1 Introduction

Since at least 2016, it has been repeatedly stated in Germany that e-government and the
digitalization of public administration face ‘“no knowledge problem, but an implementa-
tion problem™ [hil6], [IN21]. Although this is likely an intentional exaggeration to
emphasize the challenges of implementation, such a statement may be interpreted to
mean that the necessary knowledge for successful implementation is already fully avail-
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able and that there is no further need for scientific research. This interpretation should,
and must, be questioned.

As a dynamic phenomenon, public sector digitalization is better understood as a moving
target [Pe03], in which external conditions and internal influencing factors are constantly
evolving. These factors include, for instance, technological progress, legislation and
regulatory changes, novel approaches to work organization and management (such as
New Work or agile methods), as well as changing expectations from various stakehold-
ers. These ongoing developments continuously generate new problems and questions that
require scientific investigation and can only be adequately addressed through research-
based insights. The need for robust knowledge is also evidenced, for example, by a lit-
erature recommendation on the digitalization of public administration compiled by the
Library of the German Bundestag. This recommendation highlights selected academic
publications on topics “currently being discussed in the Bundestag, that are politically
relevant, or are receiving media attention” from the years 2022 to 2024 [Bi24].

Multiple disciplines contribute to knowledge generation in public sector digitalization.
These include public administration, political science, law, social sciences, economics,
and computer science — with particular emphasis on administrative, legal, and business
informatics. Due to this diversity of disciplines, it is difficult to generate a comprehen-
sive picture of existing findings, new results, or ongoing research projects that would
reflect the current state of research. As a result, research knowledge is often difficult for
public administration practitioners to find and access, and the potential for knowledge
transfer between research and practice remains underutilized.

Therefore, this paper addresses the research question: How can the research landscape
on public sector digitalization be captured and structured to provide a better foundation
for effective knowledge transfer? The overarching objective is to accelerate and improve
the translation of theoretical knowledge into practical solutions and to enable more fo-
cused research on relevant problems.

To this end, the paper first develops a conceptual framework that analyses, categorizes,
and describes key concepts, characteristics, and relationships in German public sector
digitalization research within the broader European context. This framework then serves
as a conceptual basis for initial analyses of academic literature and the examination of
empirical data.

2 Theoretical Background and Related Work

The research field of public administration digitalization is characterized by a high de-
gree of intra-, inter-, multi-, and transdisciplinarity, which makes clear-cut boundaries
difficult to define (cf. [Wi20a]). This paper primarily approaches public administration
digitalization from the perspective of applied computer science, with a particular focus
on business and administrative informatics [Di19], [HHRO07], [Lu21].
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2.1  Public Administration Digitalization and Digital Administration

In terms of content, the field focuses on the digital transformation of the public admin-
istration of the Federal Republic of Germany (FRG) in its entirety. Rather than distin-
guishing between federal levels (e.g., national vs. municipal), subdomains such as regu-
latory or service administration, or separating it from other parts of the public sector like
security agencies (e.g., police and fire departments), public administration digitalization
is examined here from both a product/outcome perspective and a related process per-
spective. As a point of reference, the German Online Access Act (Onlinezugangsgesetz,
OZG) is used. Enacted in 2017, it obliges the federal and state governments to “also
offer their administrative services electronically via administrative portals.” The specific
services concerned were defined in 2018 through the OZG Implementation Catalogue,
which is based on the earlier Public Administration Service Catalogue (Leistungskata-
log, LeiKa) [SH18]. This includes cross-border integration of administrative services in
the European Union (EU), for example, the use of a common maturity model to define
the level of digitalization, with the highest level signifying end-to-end digitalization and
once-only submission of user data [Bu25]. This highest maturity level is also the target
for OZG implementation [Bu25].

From a process perspective, public administration must undergo a digital transformation
to achieve the envisioned state of a fully digital government [Me19], [SS21]. This target
state is a classic moving target [Pe03], continuously shifting due to the advancement of
digital technologies and other dynamic drivers of change. The transformation process is
further complicated by the ongoing acceleration of external developments (e.g., in tech-
nology), which demand increased adaptability and willingness to change on the part of
public institutions. In terms of organizational capabilities, this necessitates the estab-
lishment and continuous development of strategic, tactical, and operational digitalization
management concepts (e.g., business process management, service and architecture
management, agile product development), as well as the enhancement of digital compe-
tencies among public sector employees. Ultimately, a comprehensive cultural shift is
considered indispensable to achieving the sustainable impact of this far-reaching and
profound transformation process.

2.2 E-Government as a Foundation for Public Administration Digitalization

The field of public administration digitalization has evolved from e-government research,
but the two are not entirely synonymous. The scope of public administration digitaliza-
tion is more narrowly defined, focusing on service and organizational administration and
the transformative implications of digital technologies. Whereas early e-government
focused primarily on the supportive role of information and communication technology
[LROO0], today’s applied concept of digitalization emphasizes the strategic and organiza-
tional implications of digital innovation [All18]. Alongside the term e-government, the
term digital government has become widely used with largely synonymous meaning
[Sc22].
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Yildiz [Yi07] has observed a certain vagueness in the definition of e-government and
criticized the research focus on project outcomes without sufficient attention to the un-
derlying political processes. His suggestions for overcoming these limitations have,
however, not led to a unified conceptual understanding to date. Instead, the field has seen
the emergence of closely related concepts such as e-governance [MGO03], connected
government [Sal2], open government [LG22], and smart government [SGF19]. Further
complicating the definitional clarity is the lack of consistency in the naming of relevant
academic programs. The content related to public sector digitalization is taught under
various program titles such as E-Government, Digital Administration, Administrative
Informatics, Legal Informatics, or Administrative and Business Informatics [De24].
Numerous publications exist that attempt to structure and define the research field of e-
government from different perspectives. In 2007, Heeks and Bailur [HB07] observed a
rapid increase in research output and conducted a content analysis using both theoretical
and practical categories. They addressed the same boundary issues seen in public sector
digitalization by focusing on the disciplines of information systems and public manage-
ment. Notably, H. J. Scholl has studied the evolution of digital government for decades
and, often with co-authors, published numerous studies on the topic, e.g., [Sc22], [Sc20].
A major outcome of his work has been the Digital Government Reference Library
(DGRL), initiated in 2006. This is a thematic collection of peer-reviewed, English-
language academic publications [Sc21], [Sc24], [SD14]. Of interest for the development
of terminology is the fact that the DGRL was originally founded under the name Elec-
tronic Government Reference Library and only renamed in 2018 [Sc24]. The German
perspective on e-government research was discussed in 2012 through a symposium initi-
ated by J. von Lucke and H. Krcmar, whose contributions were later published in an
edited volume [Lul4b]. Of particular relevance to this paper is von Lucke’s study on the
actors involved in German e-government research, which also addresses its connections
to other disciplines [Lul4a]. In subsequent years, developments in e-government re-
search have primarily been discussed at events organized by the Informatics in Law and
Public Administration (RVI) division of the German Informatics Society (GI). To date,
however, there has been no systematic investigation into the research landscape of public
sector digitalization.

3 Methodology

This study employs a multimodal approach to comprehensively capture and systematical-
ly represent the research landscape of public sector digitalization in German-speaking
countries. The process is divided into multiple phases that combine both qualitative and
quantitative methods. The first step involved a preparatory literature review to develop a
foundational understanding of the subject area and to gain an initial overview of existing
scholarly work. This preliminary research focused on identifying suitable keywords and
relevant sources in order to lay the groundwork for a more in-depth literature analysis.
Both German and English terms were considered, since the international visibility of
research in the fields of e-government and public sector digitalization often leads to
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publications in English. In the next phase, a narrative analysis of international literature
on the structure of the e-government research discipline was conducted. The aim was to
identify existing research trends, key actors and institutions, and relevant thematic areas.
Particular attention was paid to literature dealing with public sector digitalization and its
scientific foundations. With the help of academic publications, web research, and peer
exchange, relevant data sources were identified to capture the German research land-
scape (see section 5.1). Another key component of the methodology was the implemen-
tation of an online survey conducted between August 11, 2024, and December 15, 2024.
The survey was promoted by the authors in collaboration with NEGZ (National E-
Government Competence Center) through established email distribution lists and the
social network LinkedIn. Its purpose was to identify individuals and institutions engaged
in e-government research and to gain an up-to-date view of the research landscape. A
total of 58 individuals participated in the survey. Based on the data and insights gath-
ered, a conceptual framework for structuring research on public sector digitalization was
developed. This framework focuses on enhancing the transfer of knowledge into practice
and outlines key entities, attributes, and their relationships — including actors, publica-
tion media, and research institutions. The framework was subsequently tested as a foun-
dation for a first iteration of structured literature research in the field of public sector
digitalization. For database searches, the search string was derived directly from the
“domain” element of the framework, using the terms shown in Listing 1.

The search was conducted using the databases Web of Science, Scopus, EBSCOhost, and
Springer Link. The objective of this search was to establish a foundational dataset for
further (including recurring and comparative) analyses that provide insights into key
aspects such as research topics, actors, institutions, and developments.

Administrative Informatics, Administrative Digitalization,
Digital Administration, E-Government, Public Sector, Digital
Transformation, Smart Government, Open Government, GovTech,
Digital Public Services, Electronic Public Administration,
Digital Government Services, Networked Administration, Digital
Governance, Intelligent Public Services

Listing 1 Search Terms for the Literature Review®

Since, even in German-speaking contexts, peer-reviewed publications are frequently
written in English due to the visibility and reputation of prominent top journals and con-
ferences, both German and English equivalents were generated for most of the search
terms. Established technical terms were used in their fixed form without translation. To
ensure the most comprehensive coverage of relevant literature, the search strategy made
use of truncations, proximity operators, and systematic term combinations. The database
queries were designed using the respective syntax rules to produce as broad a set of
results as possible — incorporating variations in spelling and inflection through truncation
techniques. Furthermore, where possible, the search was conducted across the title, ab-

® Translated from German.
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stract, and keyword fields. The search was limited to the period from 2020 to 2025 and
geographically focused on the German-speaking region. An overview of the number of
publications identified through the literature search is provided in Tab 1.

Our analysis of existing sources, surveys, and literature revealed issues related to the
visibility and discoverability of research at the data and information level. (see section
5.3). These issues serve as illustrative examples of the highly heterogeneous nature of the
information landscape surrounding public sector digitalization, which makes it difficult
to develop a clear and comprehensive overview. In conclusion, the concept of a Re-
search Information System (RIS) is outlined as a potential solution. Such a system would
enable the continuous and up-to-date collection and provision of research-related infor-
mation. It is conceived as a kind of Living Literature Review — regularly updated and
aligned with current developments in the field of public administration digitalization.

Web of Science Scopus EBSCOhost SpringerLink
454 606 342 1,997

Tab 1: Results of Literature Search in Databases (Number of Publications)

4 A Conceptual Framework for Research on Administrative Digi-
talization

As a starting point and conceptual foundation for a structured exploration, the frame-
work depicted in section 3 outlines the key concepts and their interrelations within the
domain of application-oriented research on administrative digitalization. The central
focus lies on generating knowledge through the practical investigation of relevant prob-
lems, with the overarching goal of enabling the implementation of value-creating solu-
tions (cf. [Wi20b]). A prerequisite for the application of scientific findings is their dis-
semination through quality-assured publications, ideally supported by active science
communication. The transfer of research insights into practice (e.g., through prototypes
or pilot projects) enables their commercial or strategic exploitation, either as internal
solutions or as marketable products.

The substantive core of the research domain of administrative digitalization is defined
in the present framework by the concepts listed in Fig. 1. These concepts, derived from
the literature as overarching categories, delineate a conceptual space that can be purpose-
fully refined through specialization. The socio-technical nature of the transformation is
reflected in the core characteristics mentioned, which manifest as defining attributes of
this change process. Stakeholders interact with research organizations guided by their
respective claims and interests, from which dynamically evolving, converging or diverg-
ing objectives and agendas emerge. Building on the application-oriented nature of the
field, the overarching term users refers to a broad spectrum of entities—including public
authorities, administrative bodies, and both public and private sector organizations (e.g.,
consulting firms) — that make practical use of research findings. Research findings reach
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users through communication. Ensuring compliance with scientific quality standards
(cf. [BSS11]) requires formal publication in research outlets. This documentation also
serves the purposes of knowledge preservation and dissemination. In contrast, the term
science communication refers to informing decision makers about the consequences of
their choices (e.g., benefits, risks, costs) based on evidence [Fil3]. Dissemination in-
volves both practices with the common purpose of maximizing range and impact. Due to
the personnel and resource requirements involved, research activities are typically car-
ried out within institutional structures such as universities or non-university research
institutes [PH24]. These institutions consolidate research tasks and actors in a purpose-
driven manner - both within functional line organizations and in temporary project-based
structures. In line with an understanding of science that emphasizes a close link between
research and teaching (e.g. [Lu21]), current research findings feed into both academic
education at universities and vocational training and continuing education. Higher edu-
cation institutions also produce scientifically qualified early-career professionals for both
research and practice. Information about research is key to identifying and accessing
scientific knowledge. By leveraging information technology (IT) — for example, through
the development of research information systems (RIS, cf. [HS16]) — up-to-date research
information can now be made available independent of time and location.

Stakeholders Communication
- researcher/lecturer Publication: Structure
- publisher - type/license - legislative framework
- sponsor - medium/outlet/venue - institutions
Probl motivates - user - quality - line organization
roblem - legislator - diffusion - project organization
- financer - impact - individual actors
- transfer institution Science communication - net\Norkg )
< - communities
Domain Y - ressources
. pooomooeooC R et EREREEEEEEEE 7] - locations
Core goncep_tsf . 1 Applied research e
- public administration : I
- government —> : -
- governance ! Research ! Education
- management : s activity n : Academic education:
- transformation H ® Y . - academic institutions
. H L8 New knowledge about & : - study programs
Cloret ch'arag_te_?slncs. A S digitalization of g _curricula
electronic, digital, S o public administration : - acad. further education
agile, open, innovative e H A hil X X
Topics and problems ’ ! i s, | Vocational education:
P P Dissemination Exploitation - vocational training
Models, methods and ' Transfer ' - professional training
tools ef.ffects
Information - software tools
- research _data i -1T infrastruct_ure Solution/benefit
- research information - technology life cycle
- research information system - governance

Fig. 1: Conceptual framework for research on administrative digitalization
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5 Initial Results and Emerging Challenges

The following provides an overview of the results achieved so far as well as the identi-
fied challenges. Research in this area is ongoing and therefore not yet conclusive.

5.1 Catalogues, Stakeholders, and Institutions

Our research identified the public catalogues of researchers and institutions related to
administrative digitalization research listed in Tab 2 as relevant sources within the
framework. The data collections of the catalogues were manually compiled by the re-
spective authors / editors. Furthermore, the online survey of the authors yields insights of
the research community.

Author/editor Title / source Date #R  #1
DFG-funded projects on administrative
DFG digitalization / administrative informatics / 2024 0 7

e-government
Bildungsnavigator: Study and continuing
education programs, https://egov-
campus.org/studium-
weiterbildung/bildungsnavigator
Research institutions at public administra-
tion authorities,
https://rkhoed.de/angewandte-forschung-
transfer/
Scholl, H. J. Digital Government Reference Library, 2024-12-18
et al. https://faculty.washington.edu/jscholl/dgrl/  (v20.5)
Research institutions of digital administra-
tion,
Thapa, B. https://padlet.com/thapabasanta/forschungs 2024 0 12
einrichtungen-der-digitalen-verwaltung-
p3ghliQow9Im2k4fi
Actors from academia related to the digital-
ization of state and administration 2024,
Session of the RVI Department (GI), Salz-
burg
Online-Survey 2024-12-15 56 68

Adjusted sum 122 101

eGov-Campus 2024 0 29

RKH6D 2025-02-28 0 27

tbd  tbd

von Lucke, J. 2024-02-16 78 69

Tab 2: Public catalogues of researchers and institutions in the field of public administration Digi-
talization with number of identified researchers (# R) and institutions (# I)

By analyzing and integrating these data sources the number of researchers and research
institutions was determined. They are given in columns # R and # 1 of Tab 2. The last
row of the table presents the adjusted sum after removing duplicates.
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I m Number of researchers m Number of insitutions

University University (p a) University of applied University of applied Institute / research Authority
science science (p a) institution

Fig. 2: Number of researchers (blue, left bars) and institutions (orange, right bars) of different
kinds of institutions. Educational facilities for public administration (p a) are detached

Fig. 2 illustrates the distribution of researchers and institutions across different types of
organizations. Educational institutions for the public sector (p a) are listed detached.

5.2 Journals and Conferences

An initial evaluation of the literature search in scientific databases reveals considerable
divergence among the indexed publications. For a preliminary overview, the top 10
publication venues were identified from the collected data exports. A summary of this
data can be found in in Tab 3.

No. Web of Science  Scopus EBSCOhost SpringerLink
Govemment In- ACM Int. Conf. Proceed- Azerbaijan Monthly .

1 formation Quarter- . . . Innovative Verwaltung
ly ing Series ICT Monitoring

’ Proceedings DGO Lecture Notes in Computerlnformatlon Tech-  Datenschutz und Daten-
2022 Science (LNCS) nology & People sicherheit - DuD
Philosophical
Transactlops of the Fecture Notes in lr?format— Digital Policy, Regu- Handbuch Digitalisie-

3 Royal Society A: ics (LN), Proceedings lation and Govern- rung in Staat und Ver-
Mathematical, Series of the Gesellschaft ance wal%un
Physical and Engi- fur Informatik (GI) g
neering Sciences

4 Proceedings Government Information Int. Review of Ad- En;;;g?;ﬁltsigngﬂ_
HICSS 57 Quarterly ministrative Sciences "

ity

CEUR Workshop Proceed- Int. Journal of Public

ings Administration Electronic Government

5 Sustainability

" Incl. LNCS subseries of Artificial Intelligence and Bioinformatics.
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Proc. of the Annual Hawaii Global Encyclopedia of
6 Proceedings DGO Int C of on System Sci- Business Wire (Eng- Public Administration,
2023 - LOnL ONLSYSIEM SC - 1ichy Public Policy, and
ences
Governance
7 Proceedings Public Administration and g}?ﬂ;ﬁgﬁigﬁ&?ﬁ Environmental Science
EGOV 2022 Information Technology and Pollution Research
agement
8 Proceedings ICE- Philophical Transactions Alllrz)fl(())matfcl)(rn]l);e/::?(; . Journal of the
GOV 2024 p mentgy p Knowledge Economy

International Jour- Communications in Com-

9 nal of Public Ad- puter and Information Information Re-

Scientific Reports

.. . . search
ministration Science
. Humanities and Social
10 g(r)zzeedmgs DGO Jusletter IT PR Newswire US Sciences Communica-

tions

Tab 3: Top10 publication outlets based on literature review

Several additional publication venues have the same number of publications as those
listed. For the sake of completeness, these are listed in Tab 4. Furthermore, it is noticea-
ble that conference proceedings are also included. For this initial overview, no further
filtering between journals and proceedings was applied. Consequently, the picture varies
similarly when considering the evaluation of conferences. The scientific databases used
also differ in their coverage in this regard.

Index Venues
Web of Science Proceedings EPART 2021, Information Polity
Scopus Lecture Notes in Networks and Systems

Social Science Computer Review, Frontiers in Psychology, Resources

EBSCOhost Policy, Information & Management

SpringerLink -

Tab 4: Additional venues with same number of publications

5.3  Challenges and Limitations

The methodology described in chapter 3 is already reflected in, and supported by, the
results presented in sections 5.1 and 5.2. To gain an overview of research on administra-
tive digitalization in Germany, multiple sources are necessary, whose data must be con-
solidated and cleaned to form a common database. Depending on the type, language, and
indexing, different sources contain various artifacts, many of which appear only in a
single source. The survey also showed that obtaining an overview of actors and their
research activities is not straightforward. The search terms used for the literature review
form the basis for data collection. This selection was based on the framework shown in
Fig. 1 and should not be regarded as exhaustive, but rather as a dynamic set of relevant
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terms. Additional sources that could help outline the German research landscape on
administrative digitalization are certainly to be found in non-scientific literature, such as
magazines, conferences, edited volumes, annual reports, and others. A comprehensive
search and corresponding analysis of these sources is still pending. These methodological
challenges directly support our framework's emphasis on Information systems. The
fragmented landscape identified in sections 5.1 and 5.2 demonstrates the urgent need for
the proposed RIS, which would address exactly these visibility and integration issues.
This study focuses on German-speaking research and may miss international perspec-
tives. The search terms, while comprehensive, cannot capture all relevant work. Manual
compilation of catalogues introduces potential selection bias, and the survey's reach was
limited to established networks. Furthermore, the automatic mapping of known research-
er to authors of publications by their name is fuzzy due to ambiguities, inconsistent
spelling, change of name, and abbreviation of first name.

6 Conclusion and Future Research

In the highly relevant and timely field of public administration digitalization, the diversi-
ty of research perspectives, providers, and topics currently leads to a lack of overview
and orientation within the research landscape. As a result, targeted knowledge transfer
from research to practice is hindered, and the full potential of applied research cannot be
realized. This paper presented a conceptual framework for research in the area of public
administration digitalization, which served as the basis for a systematic literature review
aimed at identifying researchers and publication channels. In addition, public directories
were analyzed to map researchers and research institutions.

Initial evaluation results from the literature review clearly confirm the challenges in-
volved in attempting to capture the research landscape and the current state of
knowledge in this domain. Although much of the data is digitally available today, it’s
collection and integration require considerable effort. The reasons for this lie both at the
semantic level — in the wide range of involved disciplines, terminologies, and research
topics — and at the syntactic level — in differing technical and bibliographic standards.
Currently, the questions remain: What do we see — and what do we not? How large is the
“blind spot*?

A promising solution to this non-trivial issue could be the development of a Research
Information System (RIS). Such systems have already proven effective at the institution-
al level in universities and research organizations [HS16], and even across institutions
for entire research domains (e.g., the RIS for Mobility and Transport®). A similar system
for public administration digitalization would contribute to efficiency, help avoid dupli-
cation of research efforts, enhance the visibility of research activities, and strengthen the
sovereignty of the public sector. The RIS should be complemented by an appropriate

§ https://www.forschungsinformationssystem.de/, accessed 25.06.2025.
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governance system and structures to support targeted research transfer. Design science
research offers the appropriate models and methods for the development, implementa-
tion, and operation of such an ambitious RIS and should precede its practical realization.
Further investigations and extended literature analyses are required. The underlying
conceptual framework has been outlined in this preliminary study.

References

[Al18]
[Bi24]

[BSS11]

[Bu25]

[De24]

[Dil9]

[Fil3]

[HBO7]

[HHRO7]

[hil6]

[HS16]

[IN21]

Alt, R.: Electronic Markets on digitalization. Electronic Markets 4/28, 397-402, 2018.

Bibliothek des Deutschen Bundestages: Literaturtipp Digitalisierung der Verwaltung.
Literaturauswahl 2022 - 2024.
https://www.bundestag.de/resource/blob/992410/4fd956a705¢891628{064bt5f1af735d
/L-474-Digitalisierung-der-Verwaltung.pdf, accessed 22.05.2025.

Balzert, H.; Schroder, M.; Schéfer, C.: Wissenschaftliches Arbeiten. Ethik, Inhalt &
Form wiss. Arbeiten, Handwerkszeug, Quellen, Projektmanagement, Prasentation.
W3L-Verl., Herdecke, 2011.

Bundesministerium fiir Digitales und Staatsmodernisierung: Reifegradmodell.
https://www.digitale-verwaltung.de/Webs/DV/DE/onlinezugangsgesetz/ozg-
grundlagen/info-reifegradmodell/info-reifegradmodell-node.html, accessed
28.06.2025.

Deutsche Universitit fiir Verwaltungswissenschaften Speyer: Bildungsnavigator.
EGov-Campus. https://egov-campus.org/studium-weiterbildung/bildungsnavigator, ac-
cessed 05.07.2025.

Disterer, G.: Was ist Verwaltungsinformatik? In (Schmid, A. ed.): Verwaltung,
eGovernment und Digitalisierung. Springer, Wiesbaden, 41-51, 2019.

Fischhoff, B.: The sciences of science communication. Proc. of the National Academy
of Sciences of the United States of America Suppl 3/110, 14033-14039, 2013.

Heeks, R.; Bailur, S.: Analyzing e-government research: Perspectives, philosophies,
theories, methods, and practice. Government Information Quarterly 2/24, 243-265,
2007.

Heinrich, L. J.; Heinzl, A.; Roithmayr, F.: Wirtschaftsinformatik. Einfithrung und
Grundlegung. Oldenbourg, Miinchen, Wien, 2007.

hib: ,,E-Government gibt es de facto nicht*. Ausschuss Digitale Agenda — Ausschuss
— hib 245/2016. https://www.bundestag.de/webarchiv/presse/hib/201604/420654-
420654, accessed 25.06.2025.

Herwig, S.; Schlattmann, S.: Eine wirtschaftsinformatische Standortbestimmung von
Forschungsinformationssystemen. In (Mayr, H. C.; Pinzger, M. eds.): INFORMATIK
2016. Gesellschaft fiir Informatik, Bonn, 901-914, 2016.

INSM: 11 Fakten zur Digitalisierung. https://insm.de/aktuelles/publikationen/11-
fakten-zur-digitalisierung, accessed 25.06.2025.



Mapping the Research Landscape of Public Administration Digitalization 69

[LG22]

[LROO]

[Lul4a]

[Lul4b]

[Lu21]

[Mel9]

[MGO3]

[Pe03]

[PH24]

[Sal2]

[Sc20]

[Sc21]

[Sc22]

[Sc24]

[SD14]

[SGF19]

Lucke, J. v.; Gollasch, K.: Open Government. In (Lucke, J. v.; Gollasch, K. eds.):
Open Government. Springer, Wiesbaden, 1-24, 2022.

Lucke, J. v.; Reinermann, H.: Speyerer Definition von Electronic Government.
https://www joernvonlucke.de/ruvii/Sp-EGov.pdf, accessed 25.06.2025.

Lucke, J. v.: Akteure der E-Government-Forschung in Deutschland. Grenzberiihrung
mit anderen Wissenschaften. In (Lucke, J. v. eds.): Gute E-Government-Forschung.
Wissenschaftliches Symposium. epubli, Berlin, 99-128, 2014.

Lucke, J.v. Hrsg.: Gute E-Government-Forschung. Wissenschaftliches Symposium.
epubli, Berlin, 2014.

Lucke, J. v.: Die Wissenschaft Verwaltungsinformatik und das Onlinezugangsgesetz.
In (Seckelmann, M.; Brunzel, M. eds.): Handbuch Onlinezugangsgesetz. Springer,
Berlin, Heidelberg, 119-143, 2021.

Mergel, I.: Digitale Transformation als Reformvorhaben der deutschen 6ffentlichen
Verwaltung. der moderne staat — Zeitschrift fiir Public Policy, Recht und Management
1-2019/12, 162-171, 2019.

Matthias Finger; Gaelle Pecoud: From e-Government to e-Governance? Towards a
model of e-Governance. Electronic Journal of e-Government 1/1, 52-62, 2003.

Perez, C.: Technological change and opportunities for development as a moving target.
In (Toye, J. eds.): Trade and Development. Edward Elgar Publishing, 2003.

Pichler, R.; Heinze, T.: Forschungstitigkeit, Organisationsformen und institutioneller
Kontext. In (Pichler, R.; Heinze, T. eds.): Organisationsformen der Erkenntnisgewin-
nung. Springer, Wiesbaden, 1-28, 2024.

Saha, P.: Connected Government as the New Normal. In (Saha, P. ed.): Enterprise
Architecture for Connected E-Government. IGI Global, 1-55, 2012.

Scholl, H. J.: Digital Government: Looking Back and Ahead on a Fascinating Domain
of Research and Practice. Digital Government: Research and Practice 1/1, 1-12, 2020.

Scholl, H. J.: The Digital Government Reference Library (DGRL) and its potential
formative impact on Digital Government Research (DGR). Government Information
Quarterly 4/38, 101613, 2021.

Scholl, H. J.: Digital Government Research: A Diverse Domain. In (Charalabidis, Y.;
Flak, L. S.; Viale Pereira, G. eds.): Scientific Foundations of Digital Governance and
Transformation. Springer, Cham, 51-71, 2022.

Scholl, H. J.: The Digital Government Reference Library (DGRL). Versions 20.0-20.5.
http://faculty.washington.edu/jscholl/dgrl/, accessed 08.06.2025.

Scholl, H. J.; Dwivedi, Y. K.: Forums for electronic government scholars: Insights
from a 2012/2013 study. Government Information Quarterly 2/31,229-242, 2014.

Schedler, K.; Guenduez, A. A.; Frischknecht, R.: How smart can government be?
Exploring barriers to the adoption of smart government. Information Polity 1/24, 3-20,
2019.



70  Gunnar Auth et al.

[SHIS]

[SS21]

[Wi20a]

[Wi20b]

[Yi07]

Stocksmeier, D.; Hunnius, S.: OZG-Umsetzungskatalog. Digitale Verwaltungsleistun-
gen im Sinne des Onlinezugangsgesetzes. Version 0.98. https://www.it-
planungsrat.de/fileadmin/beschluesse/2018/Beschluss2018-

22 TOP2_ Anlage OZGUmsetzungskatalog.pdf, accessed 08.06.2025.

Stich, R.; Schwiertz, F.: Digitale Transformation: Der Wandel der Arbeitswelt und der
Fithrung in der digitalen Verwaltung. In (Seckelmann, M.; Brunzel, M. eds.): Hand-
buch Onlinezugangsgesetz. Springer, Berlin, Heidelberg, 441-462, 2021.

Wissenschaftsrat: Wissenschaft im Spannungsfeld von Disziplinaritdt und Interdiszip-
linaritdt. Positionspapier. https://www.wissenschaftsrat.de/download/2020/8694-
20.pdf, accessed 08.06.2025.

Wissenschaftsrat: Anwendungsorientierung in der Forschung. Positionspapier.
https://www.wissenschaftsrat.de/download/2020/8289-20.html, accessed 03.07.2025.

Yildiz, M.: E-government research: Reviewing the literature, limitations, and ways
forward. Government Information Quarterly 3/24, 646-665, 2007.



Bjorn Gehlsen, André Schnackenburg (Hrsg.):
Fachtagung Rechts- und Verwaltungsinformatik (RVI 2025),
Lecture Notes in Informatics (LNI), Gesellschaft fiir Informatik, Bonn 2025 71

From Print to Platform: Developing a Digital Health Guide

Vera Spitzer = !, Maria A. Wimmer

Abstract: Rural regions in Germany are facing increasing difficulties in ensuring equitable access
to healthcare, driven by demographic change, a growing shortage of medical professionals, and
fragmented health information infrastructures. To address these challenges, a team of students,
working within the Smart City project of Linz am Rhein, conducted a comprehensive analysis and
developed a digital health guide tailored to the needs of a rural municipal territory. This initiative
replaced an outdated PDF-based brochure with a dynamic, web-based platform designed through a
user-centered, low-code development process using Drupal. The platform features interactive
decision trees to support orientation during health-related issues, a geolocated mapping function
for local healthcare services, and decentralized data entry to allow providers of healthcare services
to manage their own data entries. The development process involved close collaboration with key
regional and medical stakeholders, ensuring that the platform with the digital health guide aligned
with real-world needs and practices. The prototype was evaluated both technically and in terms of
usability, with input from healthcare providers. The project demonstrates how digital navigation
tools can help in closing accessibility gaps in rural healthcare systems. It provides a practical,
scalable model that other municipalities can adopt to improve healthcare access and coordination
through digital innovation.

Keywords: E-health, digital transformation, platform, digital health guide, smart region

1 Introduction

Digitalization in healthcare—hereafter referred to as e-health—is considered a key driver
for improving the accessibility, efficiency, and sustainability of health service delivery,
particularly in structurally disadvantaged and rural regions [Br22, Ra23, Wel2]. The
targeted use of information and communication technologies (ICT) can help address
systemic challenges such as workforce shortages, uneven distribution of services, and
demographic shifts [Ja24, Ru23]. Despite this potential, the digital transformation of
healthcare in Germany remains slow. Recent studies highlight persistent implementation
barriers, including high administrative costs, unclear cost-benefit outcomes, technologi-
cal uncertainty, and insufficient support for healthcare providers [Br22, Ka23]. These
challenges are not limited to healthcare institutions alone. Municipalities also face in-
creasing pressure to replace outdated analogue health information guidance with sustain-
able, user-friendly, and maintainable digital solutions that are up to date [Ja22]. Particu-
larly in the public health domain, there is a growing demand for reliable, locally rele-
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vant, and easily accessible information on healthcare services—both for citizens and
healthcare professionals [De03]. Digital health guides can serve as low-threshold tools to
strengthen regional health literacy, improve navigation through care structures, and sup-
port decentralized information management [Fi23]. In Germany, the Smart City pilot
project in Linz am Rhein exemplifies how these needs can be addressed. In this region,
an analogue health guide was published in 2013 as a printed brochure and accompanying
PDF file but has not been updated since. Due to the static nature of the format and high
editorial workload, regular updates were infeasible. This illustrates the limitations of
traditional information formats: low flexibility, high maintenance effort, and limited
relevance in the context of dynamic service environments. As part of a Smart City strat-
egy funded by the federal program on Model Projects Smart City (MPSC), a digital
concept is developed to replace the analogue format with a dynamic, web-based plat-
form.

The objective of this research is to design and prototype a responsive digital health guide
that enables decentralized data entry and maintenance by local healthcare providers. This
approach reduces administrative overhead and increases the timeliness and accuracy of
publicly available health information. The initiative is embedded in a regional digitaliza-
tion strategy aimed at enhancing healthcare infrastructure, attracting young medical
professionals, and strengthening the visibility and resilience of local services amid de-
mographic and workforce-related challenges. A central innovation of the platform is its
decentralized content management, which allows healthcare providers to manage their
own data through a system of defined roles and permissions. The prototype also inte-
grates interactive navigation tools—such as a map-based search and patient decision
aids—expanding the platform’s function beyond simple information provision. The sys-
tem is conceptualized and developed as part of a student-led project in close collabora-
tion with the regional administration. This paper presents the methodological foundation,
design process, and technical implementation of the resulting prototype. It also discusses
key lessons learned during development, and it outlines transferable recommendations
for municipalities aiming to implement similar tools in rural or semi-urban contexts.

The paper is structured as follows: Chapter 2 outlines the methodological framework of
the project. Chapter 3 presents the theoretical background on e-health and challenges in
Germany. Chapter 4 reviews relevant examples of digital health directories and their
design principles. Chapter 5 discusses the results of the current-state analysis and derives
key platform requirements. Chapter 6 details the conceptual design and implementation
of the prototype. Finally, Chapter 7 concludes the contribution with offering practical
recommendations and reflecting on the transferability of the approach to other regions.

2  Methodology

To develop a digital, web-based health guide, we applied soft systems methodology with
an iterative approach, based on established principles of systems analysis and user-
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centered design [CP20, KBL13]. The methodology integrates elements of current-state
analysis, requirements engineering, conceptual design, and prototypical implementation,
involving relevant stakeholders throughout the process.

As-Is Analysis and Desk Research: The process started with a qualitative analysis of
the municipality’s existing analogue health guide (PDF format). A heuristic evaluation
assessed its structure, content, timeliness, and usability. This was complemented by a
desk research phase examining national and international digital health directories to
identify best-practice guides and to evaluate their relevance for local implementation
[RS04]. Additionally, structured background research on the Smart Region model pro-
ject ensured that the proposed solution aligns with broader regional development goals.

Requirements Analysis and Target-State Design: Based on the identified shortcom-
ings along the As-Is analysis, a comprehensive requirement list of functional and non-
functional requirements was developed in close coordination with local stakeholders
(municipal representatives and healthcare actors). Requirements were elicited according
to [Pa98] and enriched through qualitative stakeholder interviews. These requirements
were continuously reviewed and prioritized using the MoSCoW method [KBS22]. The
derived Target-State concept included key components such as a decentralized role and
permission model, a structured data model for healthcare providers, and design require-
ments for accessibility, responsiveness, and interactivity. Based on this, a modular sys-
tem architecture was proposed, featuring search and filter functions, and an interactive
map.

Prototyping and Technical Implementation: To implement the prototype, an agile
approach with SCRUM was applied, with sprints among the project team wand with the
stakeholders every 2-4 weeks [Az17]. Furthermore, qualitative interviews with local
stakeholders were conducted to validate initial mockups and click dummies. The feed-
back was used to improve the concept and click dummies, and to refine the requirements
iteratively. The prototype was implemented using the open-source content management
system Drupal in its version 10. Drupal was selected for its high flexibility in modeling
complex content structures and managing user roles and permissions.

Data on regional healthcare providers was collected through desk research, then struc-
tured and integrated into the CMS data structures. The prototype was configured in a
virtual machine (VM) environment for technical testing and deployment. Important
requirements relating to data protection, IT security and user-friendliness were systemat-
ically addressed throughout the implementation process.

In this paper, we present selected findings from the As-Is analysis and Target-State con-
cept and prototype, with a focus on the existing data from the paper-based health guide,
a comparative review of established health platforms, the requirements analysis and the
resulting prototype. Each of these steps was carried out in close coordination with stake-
holders from the Smart City Linz project through regular feedback and collaboration.
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3 Foundations: E-Health and Challenges in Germany

E-health, often used interchangeably with the digitalization of healthcare, emerged in the
late 1990s as an extension of “e-business” into the medical field [Fr20, Pa05, Sc22]. To
date, no universally accepted definition exists, largely due to the wide range of stake-
holders and disciplinary perspectives involved [Fr20, OhO5]. Related terms—digital
health, m-health, telemedicine, and telematics—are also interpreted differently across
contexts [Lul7, Nal5]. Telematics forms the technical foundation of digital healthcare,
notably in Germany through the telematics infrastructure (TI), regulated under the E-
Health Act [Lul7, Ral7]. The German Ministry of Health defines e-health as ICT-based
applications supporting medical care, while the WHO expands this to emphasize the
safe, cost-effective use of technologies such as Al, big data, and IoT [Wo21]. [Ey01]
describes e-health as a blend of medical informatics, public health, and business, as well
as a mindset geared toward global, networked collaboration. According [Oh05], a shared
core of e-health is the use of ICT, while [Lul7] highlights its functional aspects—
stakeholder networking, process integration, and system interoperability. E-health can
thus be seen as a sociotechnical system involving dynamic interactions between humans
and technologies [LR7]. Subdomains include m-health (mobile apps and wearables) and
telemedicine (care delivery across distance) [Ph19, So07]. Broader concepts like tele-
health and telecare also cover non-medical and caregiving services [NoO1].

In summary, digital health is the most encompassing term, including e-health, which in
turn covers m-health and telehealth, with subcategories such as telemedicine and tel-
ecare. Across all areas, telematics—such as Germany’s TI—is the core infrastructure.

In Germany, the introduction of the electronic health card was officially decided with the
2003 Statutory Health Insurance Modernization Act. A key milestone followed in 2005
with the founding of gematik GmbH, tasked with developing the telematics infrastruc-
ture (TI), the technical foundation for e-health in Germany [Br22]. However, implemen-
tation remained fragmented for years. Binding regulations for core digital services—
such as the electronic medication plan, emergency data management, and telemedicine—
were only introduced with the 2015 E-Health Act [Bul5, LM22]. One aim of this was to
improve care in rural areas. Additional legislation followed, including the Digital
Healthcare Act, the Patient Data Protection Act, and in 2023, the Health Data Use Act
and the Digital Act. Despite this progress, Germany still lags internationally—mainly
due to limited interoperability, strategic gaps, and the lack of incentives for adoption
[Br22, Cal9, Nol8]. Resistance among healthcare providers remains a key barrier.
While digital tools are broadly acknowledged as valuable, concerns persist around high
implementation costs, time demands, low digital literacy, and legal uncertainties [Br22,
Scho21, Sc24]. A 2023 survey by the National Association of Statutory Health Insurance
Physicians found that only 13% of general practitioners and 20% of specialists saw tan-
gible benefits from digitalization in daily practice [Al23].

In sum, political support for e-health in Germany is strong, but its impact is limited by
structural hurdles and low acceptance. For digital transformation to succeed, robust in-
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frastructure must be paired with investments in digital health literacy. Digital solutions
must clearly demonstrate benefits to all stakeholders in the healthcare system.

4 Foundations and Review of Digital Examples of Health Guides

A health guide is a structured guide designed to help citizens navigate the healthcare
system by providing essential information on medical services, legal frameworks, insur-
ance, and support resources [WLGO09]. Its main goal is to offer low-threshold orientation
in situations of health-related uncertainty or emergency. The guide serves several key
functions in public health communication. It offers basic first-aid guidance, emergency
contacts, and local medical facility details. It also helps users identify appropriate medi-
cal specialists, supports care coordination, and refers individuals to psychosocial services
like counseling or self-help groups. Additionally, a well-integrated guide connects users
with broader social support systems, including financial aid and community services. A
good example of such a health guide is provided via the portal gesund.bund.de.

As part of the As-Is analysis in the project, existing health information services in the
municipality were systematically evaluated for their functional, structural, and user-
centered strengths and weaknesses. The aim was to derive concrete requirements for
developing a digital, user-focused health guide. Initially, the analogue PDF-based guide
was analyzed alongside digital content on the municipality’s official website. To identify
problems systematically, established methods such as Rich Picture and CATWOE
[CP20] were used, supplemented by feedback from the regional Smart Region pilot
project, incorporating input from citizens and healthcare providers. Further, twelve na-
tional and international digital health guides were reviewed—including gesund.bund.de,
NetDoktor, patient.info, and regional portals from cities like Munich, Neumiinster, and
Ortenaukreis. The objective was to identify best practices and extract technical, content-
related, and design criteria to inform future development. This evaluation combined
heuristic and systematic methods based on predefined quality standards. A comparison
with these criteria revealed key findings as shown in Table 1.

The analysis revealed several major shortcomings: current formats are largely non-
interactive, only partially responsive, and rely heavily on static content like PDFs. Key
issues include the lack of integration with local providers, poor accessibility, and limited
options for personalized information filtering. Emergency services are inconsistently
visible, and digital guidance is often unclear. A critical gap is the absence of structural
links between health-related content and local service providers. This issue is evident
even on national platforms like gesund.bund.de, which offer comprehensive information
but lacks local navigation and seamless user pathways. Content is centrally managed by
the ministry and scientific institutions, without local provider input—marking a key
difference from the approach of our project. In sum, while individual solutions exist,
there is no comprehensive, low-threshold, interactive, and accessible digital platform
that offers locally relevant health and counseling information. The findings from the As-
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Is analysis thus formed the foundation for defining requirements and designing the new
digital health guide.

Table 1 — Comparison of main criteria in different health guides in Germany

Criteria Findings from As-Is analysis

Emergency numbers are often not prominently placed. A positive example
is Miinster, where such information is visible on page two of the PDF.
Digital formats should make this content easily accessible.

Information provi-
sion

Decision trees are included in the PDF of the project’s example, but pre-
First-aid guidance sented statically. A dynamic data structure is recommended for easier
maintenance and updates in digital formats.

Decision trees are suitable for non-acute advisory scenarios. The imple-
Advisory function mentation should guide, not diagnose. NetDoktor serves as a technical
reference, though it lacks local adaptation.

The Bochum health guide uses emotionally resonant visuals for sensitive
Supportive function  topics (e.g., Parkinson’s disease), positively influencing user engagement.
This design strategy is transferable.

The PDF of the project’s example lists relevant contacts and application
forms, but the content is difficult to maintain. Integration with structured
data sources (e.g., OpenData, institutional registries) is essential.

Connection to ex-
ternal resources

5 Assessment of the Current Situation and Future Vision

This As-Is analysis is based on a case study from a rural municipality in Germany and
forms the foundation for designing a digital health guide. As part of the federal MPSC
program, the region was selected as a pilot area for digital transformation, aiming to
implement sustainable, digitally supported solutions across key sectors, including
healthcare. The local "Smart Region Strategy" takes an integrated approach, combining
digital infrastructure, civic participation, and public service improvement to address
challenges like demographic change, medical staff shortages, and limited healthcare
access in rural areas. During the strategy phase (January 2022 to June 2023), five priority
areas were defined: smart public services, smart mobility, smart healthcare, climate ad-
aptation, and urban revitalization. The “Smart Healthcare” field specifically targets ac-
cessibility and resilience in underserved areas through a digital health platform, health
literacy training, and a coordinating service unit. The region serves as a model for pilot-
ing and scaling digital health solutions under real-world conditions, supported by strong
regional and national partnerships for sustainable knowledge transfer.

In parallel, the existing local healthcare information landscape was assessed, focusing on
two legacy health directories: a 2013 PDF version (over 120 pages) and a 2021 web-
based version. While the PDF offered basic tools like decision trees and provider listings
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(Figure 1), the digital version was incomplete and technically unreliable, featuring bro-
ken links and missing content.

— I Ich stehe vor der Krankenhausentlassung |
I Problem / Anzeichen Losungsansatz | [ Klirung durch
ch bin fit, brauche keine Hilfe
ch habe genug Hilfe
Kann ieh mit Verbandsmaterial
(a9f. Rezept) selbst oder mit
e o e S
Meine Wohnung Is e r .
Exsen auf Ridem®
—~ Einkaufa-, Besuchadienst®
ich kann mich nur wenlge Schritte bewegen = =)
L Ambulante Pficge” -
Haushaltsdienst®
Kann Medikamente mit Rezept
selbst besorgen
Bin auf Lieferung in meine
ch bendtige Medikamente / Hilfsmittel — Woh
C — =D

Ich bentige schnell Rolistuhl,
Bett oder Ahnliches.

Empfehlung

Figure 1 — Decision tree from the Health Guide PDF

To contextualize these findings, national and international best practices—such as ge-
sund.bund.de, Neumiinster’s health guide, and patient.info—were analyzed based on
criteria like interactivity, search functionality, accessibility, and information design.
Compared to these, the local guide showed significant issues in usability, performance,
and audience engagement. These insights were reinforced by stakeholder feedback gath-
ered through participatory formats in the Smart City program. Both, citizens and
healthcare providers expressed a clear need for a low-threshold, reliable digital platform
offering practical guidance—especially in emergencies and initial healthcare interac-
tions.

To sum up, the region provides strong strategic and structural conditions for developing
a user-centered digital health guide. With institutional support, targeted funding, and
public openness to digital innovation, it offers an ideal setting for prototyping and evalu-
ating solutions that could serve as models for other rural areas. Subsequently, require-
ments analysis served as key methodological link between the As-Is analysis of the ana-
logue health guide and the development of the digital prototype. Its goal was to identify
weaknesses and to translate them into actionable, user-centered requirements. This pro-
cess included reviewing gaps in the existing solution and benchmarking against compa-
rable directories from cities like Miinster and Linz am Rhein, as well as digital tools like
NetDoktor’s symptom checker. Requirements were collected and organized using a
spreadsheet, applying the MoSCoW prioritization method (Must have, Should have,
Could have, Won’t have this time). Each entry was numbered, named, and classified as
either functional or non-functional, and grouped into categories such as “Decision Tree,”
“Filtering,” “Data Management,” and “Accessibility.” A priority scale from 1 (high) to 3
(low), supported by color-coding, helped guide implementation [KBS22].
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A total of 52 requirements were documented, most of them functional. Key "Must have"
items included login-free usage (A008), a dynamic decision tree (A001, A004), and the
integration of local provider maps (A003). Non-functional requirements addressed de-
sign, legal, and technical aspects—for example, accessibility compliance (A049), im-
print regulations (A007), and corporate design consistency (A042). WCAG-compliant
components and zoom functions were successfully implemented. A feasibility analysis
categorized requirements as fully implementable, partially implementable, or not cur-
rently viable. Of the 52 items, 45 were fully implemented, four partially, and three post-
poned. The latter three—including an external symptom checker (A020) and curated
third-party content (A021)—faced legal barriers. Notably, all high-priority (must-have)
items were fully implemented. Examples include the successful implementation of
A003, enabling direct links from the decision tree to local service providers, and partial
delivery of A017, which allows filtering by specialization and facility type. The struc-
tured, priority-driven approach proved effective in delivering a functional, user-focused
digital prototype, even within a university project setting. The traceability of each feature
to a documented system weakness offers a solid model for replication in other munici-
palities, while the remaining lower-priority items provide opportunities for future.

6 Design Blueprint for a Digital Health Guide

The digital platform was developed using the o
Drupal 10 content management system (see #

Figure 2). The goal was to create a modular,

accessible, and user-friendly web application . -
for structured delivery of health-related infor-

mation within the region. It offers different

digital der stadt Linz am Rhein
(Prototyp)

perspectives: the end user can search for suita- = s a9
ble healthcare providers or use the health guide I % );

to find answers to simple medical questions.

The perspective of healthcare providers enables KRt ararasn

them to create and maintain their own profiles,

thus ensuring that the data is regularly updated.

Finally, the administrators are responsible for

complete backend maintenance. This results in ~ Figure 2 — First look of the prototype
clear role-based access control on the platform.

The technical implementation followed a low-code/no-code (LCNC) approach, prioritiz-
ing visual configuration and prebuilt modules over custom programming [RK22]. This
allows for efficient development and long-term maintenance by non-technical staff. The
system uses six custom content types to represent different types of healthcare facilities
(e.g., medical practices, care facilities, therapeutic services, self-help groups). Each con-
tent type is based on a predefined data model and consists of fields grouped by category
(e.g., name, address, opening hours, contact). These fields are configured with specific
data types (text, number, geolocation, etc.) and assigned clear and unique system names



From Print to Platform 79

to ensure proper linkage with data entry forms. To manage complexity, repeatable enti-
ties like addresses or healthcare professionals were limited to a realistic maximum (e.g.,
three locations, four practitioners

Q

Ich brauche Hiffie bai der Beerdigung
ich komme mit den ARBgsproblemen nicht Kiar

Ich ertrage das Alleinsein nicht.

Sterbefall eines Angehorigen

Ich kann mich nicht selbst versorgen

« Zuriick

per facility), based on local conditions.
Figure 3 — H5P implementation of decision trees in health guides

Data entry is handled through the Webform module, which allows for detailed configura-
tion of field types, validation rules, and layout. In combination with the Webform Con-
tent Creator, submitted form data is automatically converted into structured content types
and displayed on the website. The form display serves as an editing interface, enabling
healthcare providers to update their entries themselves—an essential feature for decen-
tralized maintenance and ongoing data accuracy. To implement interactive decision
support, the HSP module was used, specifically its “Branching Scenario” component,
which transformed static decision trees into dynamic user pathways (“health guides™)
with guided questions and recommendations. Edit rights for these modules are restricted
to administrators and qualified medical professionals to ensure content integrity. Figure 3
shows an example of one of the decision trees. In this case, citizens can access infor-
mation step by step in the event of an urgency, ultimately being directed to the relevant

contact details. The decision tree is wikomm 2ur Gesundiheitsdlknsteistungssuche
designed to avoid any medical deci- . ‘ —
sions being made_ Artpraxen Heil- und Hillsmittelversorgungen Pllegesinrichtungen

Geographic data is visualized using <X - NV "
the Leaflet module in combination . @ @
with GeoField, GeoPHP, and GeoLo-

cation. Up to three sets of coordinates
can be assigned per facility, shown
on detail pages and on a centralized ]

interactive map. The map includes \V

filter and search functionality, and . =4l
users can toggle between map view %ﬂ* |
and a tabular directory, with filters

retained across views. Modules such Figure 4 — Interactive selection page

Selbsthiltegruppen Therapeutische Angebote Sonstige Einrichtungen
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as Views Filters Populate and Autocomplete Filters enhance usability. The platform
follows a mobile-first design [Mul5] and adapts to different screen sizes using media
queries and the meta viewport tag. It was tested across major browsers and operating
systems (Android, i0S, Windows) to ensure correct rendering of text, forms, tables, and
interactive elements. Instead of a fully fluid grid, fixed breakpoints were used for layout
control. To support data quality, a centralized feedback system was implemented, i.e.
users can report outdated or incorrect information via a modified contact form—either
centrally or directly on each facility’s page. Submissions are anonymous, compliant with
data protection standards, and reviewed by the platform administrators.

7  Discussion and Conclusion

The implementation of the digital health guide in a rural German municipality presented
both content-related and technical challenges, which were progressively addressed
throughout the project. One of the first hurdles was determining how to collect data from
regional healthcare providers. Initially, the team planned to conduct interviews based on
a structured guide. However, this approach proved too time-consuming and impractical
for broad coverage. As a result, the method was revised: direct data collection through an
online submission form was implemented, complemented by desk research on publicly
available provider websites. This combination enabled a more scalable and efficient
approach to gathering relevant service information while minimizing the burden on pro-
viders. On the technical side, the Drupal Layout Builder posed limitations, particularly
when representing complex provider structures, such as multi-location practices. Due to
time constraints, switching to a different tool was not feasible. As the project progressed,
not all planned features could be implemented; instead, the focus shifted to viable alter-
natives such as autocomplete search, WCAG compliance improvements, and clickable
navigation icons. Some final visual enhancements—such as aligning H5P decision trees
with the platform’s corporate design—could not be completed before the project ended.
Despite these constraints, the team successfully delivered core platform features: a
searchable service directory, an interactive map, dynamic decision trees, click-to-call
emergency numbers, and a mail-based data collection process for digitally less experi-
enced providers. In addition, clear usage instructions and a feedback system for reporting
outdated data were implemented. Internally, the team faced challenges related to time
estimation and coordination, but the iterative process fostered strong collaboration and
practical learning in agile project management. Based on the project experience, the
following recommendations were developed for future expansion:

X Governance: Define clear inclusion criteria and establish a standardized verifi-
cation process for healthcare providers.

X Content: Validate existing decision tree content medically and incorporate
feedback from stakeholder interviews.

X Usability: Conduct external usability testing and use findings to refine design
and functionality.
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X Features: Consider future enhancements like appointment booking, Al-
supported chats, and more advanced filtering options (e.g., as in Munich’s
health guide).

X Accessibility: Offer multilingual versions reflecting the region’s de-
mographics—prioritizing languages like English, Arabic, Turkish, French, Rus-
sian, and Spanish.

X Security: Set up preconfigured provider accounts to reduce onboarding friction.

X Integration: Integrate the platform into the overarching structure of the
city/municipality so that the solution is included alongside other citizen ser-
vices.

Further technical suggestions include visually integrating decision trees, adding captcha
to feedback forms to omit spam, adapt provider profile layouts from column to row for-
mat, and hide unused location fields. Given the limitations of the current Layout Builder,
a more flexible layout tool is recommended for future development.

In conclusion, the project successfully delivered a functional, user-centered prototype for
a municipal-level digital health guide. With further development and institutional sup-
port, the guide has strong potential to become a core component of a digitally supported,
patient-centered healthcare infrastructure. The current prototype implementation has
restrictions on scope, depth, and sustainability, which need to realized in a fully fledged
solution. Furthermore, the integration of such a digital health guide into municipal digital
ecosystems is subject to structural and administrative constraints defined by the Smart
City program itself. Despite these boundaries, the interactive decision trees stand out as a
valuable contribution—helping to relieve healthcare providers by offering patients initial
guidance and orientation prior to direct contact.
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NOHLQ+6 GRSSHIN-D YD6FULSW &66 HLQ ©OX@QMWHBEGHEH7UDFNLQJ
OHQR @70/ -:HE6WRUZEIMHMBMHILFKHU Q: 8 BB\DPW\HH BP % U R

VHUQG ODVVHM IVQF K- B EEBH¥ H U WONWHYR\R R PE MHWIAHH

FKEWWHQ IHQVWEXUHIEXQGLHQ ' D X H 6 LGAH M ZIRKNWHXGHED ORIFD O

6 WRLPEMHOMWNH SHUVLVWKQW®W 6E WJX)HQN WHHDK BXQMGH Q Z H J
GDGXUFK 'ULWWD QEQWWW UKLBGERKMWILFKQ .HQQXQJHQ JHUIWHEH
7UDFNLQJ ]X %:HD @\WIRAVHHRIHU S UQRWIM) HLQH 9LLHO]DKO EURZVH
XQG JHUIWHVSH]L¢VF%H B\SHHUQW D GH O B WPKQU PDIYWDOOLHUWH
BFKULIWDUWHO, QKW BRJRE\VIHRNDOH 6SHLFKHUXQJ HLQGHXWLJ ]X |
XQG 1XW]HU *EHU YHUVFKLHGHQH :HBEWHEW@Q JKQXEAHI QDFK]XYHL

WLQJ JLOW DOV ZHLWWBEFK SHKHRIQOAMWEHRMHRVBM O QG VEH KD IWHWH V
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7UDFNDQJEHU KLQDKYWHEW- BIVDEANRLEWEFK LQ -VIMBIKQJIV
FKHMQG FEBNHHUWH 7HFKQQDNWIHRQWHUWHLOHQ

OHWKRGLN GHU 8QWHUVXFKXQJ

'"HU :(& LVW HIKUX/QIEBI] Y HU|uH Q WDHBKERINUTRR O GHV
(XURSILVFKHQ 'DWHQVFKRW }E@RDWX | MLUDH VDK@ RPDWLVLHUWH VND
XQG UHSURGX]LHUE DHES $IVBIDYNRKY O RFK W 8 QW HMWMBHK X Q J
VWDUWHW GHU :(& HL QU @B DY LRIRKAPINPS QB cQHE W
VHLWHQ :HESVHHXHE®KEB OZHXWMHHEUL QW BV D NRMRIGDY V W
ZIKUHQG GHU 8QWHUYVXE®BNQJ (UVWDQELHWHU WLWWDQELHWHU
ZHLVH DXI| VR]LDOH OHGLHQ XQG .ROODERUDWH. EQIWEXEK@NWH  H
‘HEVHLWRQ-/RF-B® RUDQWUIJH DOOH LP %URZVHUSUR:;O DEJHO}
&RRNLHV X®BDARNV -3%Q DFINRHY W& O J YILONWEVKHQG
HLQHU hEHUWDEEE 'G HW-W R QW VHWRHEEB RFINNPRP XQLNDWLRQ
]ZLVFKHQ %URZVHUQHQ GLEIOYYKOD YRQ .RQ¢JXUDWLRQVSDUDPHWH
YXQNWLRQVXRMED[PHUZHLWHUW GK[SORUGUWH RIQQXP EHOLHELJ
YLHOH ]XVIW]OLFKH :HEVHLWHQ-SQRV : WESBMIQ W ZXKIHQG A
GDV 6HQGHQ GHV -A'WRDGRW V7 VRERKDOWXD¥FR3DX-| -DYD6FULSW
(EHQH DNWLHWLRBEQQDWLRQ GLHVHU )XQNWILRQHQ HFPWHRAW GHQ : (.
,QVWUXPHQM KIOE QMUIRGY X F KX QHUKLQ DXVVFKODUJIJHEHQG I1+U GLF
ZDKZDU GLH RV]JLHOOH % H U K8 WWWHH/G X @ WV JEZRDEM WEEHIQ W H Q
HLQH GDWHQVFKXWINRBURMURMWYEBUNHLW SULQ]JLSLHOO DQJHQF
NDQIHUJOHLFKEDUH)3RRONWFWLYBSU (UNHQQXQJ ]XVWDQGVORVH!
7 U D RBNHW K RGHQ @LA2SHQ:3DODWWIRUP [+ XVWDQGVORVH
XQBXVWDQGVEHRB-NHIWKRR SHR &(1 @AZHE;UD\® ]XU
8 Q WHIKIRH QV]XRUGKDX QD JVWRQYRQ 'l W WENGEE PHW & UKDZ O

[ 8QWHUVXFKXQJHQ LQ PRELOYD X@G 'HVNWRSEURZVHUQ

'LH 8QWHUVXFKXQJ ZXUGH S|WHPEKHKMQGGERRSWHPEHU
XQWMW]XGHBFNKHQJILQH &( XQG GHV-'RENHW : (& YYRP

$SULO GXUFKJHLHKHWZHQGBWIWOWHQ VRZLH GLH /LVWH GHU VR]L
0OH G LMHLQV (L Q WQG DHV IDHU HB$® SWHPEHUH 'DWHQDQDO\VH HUIROJWH
LQ HODQEAHYW' DWHQEDQN PLW SHUVLVWHQWHU 6SHEFKHUXQJ GLH
DXVZHUWXQJ ZXUGH *EHU SKSO0\$GP QG D)HDDWLIYLAK W HUXQIFKVW Z
EDUMPHLQGHYHU]JHLFKQLVY GHU /D GOHWEXUKMNWLRQ 6DFKVHQ
1 XQG GBHSQVHUVXFKXQJUPFSBRHBRQEWMBHP 'DWHQLPSRUW
ZXUGH GDV ,GHQWL¢]JLHUXQJVSRWHQ]LDO GHRSERUYVLVWHQWHQ
HQW Z L FAFHKOW/HIQ |+U GLH °. B DH BN WOULMB HQGWUIROJWH GLH .

% easyprivacy.txthttps://easylist.to/easylist/easyprivacy, tstd fanboyannoyance. txt
https://secure.fanboy.co.nz/fanbagnoyance.txt [Zugriffeweilsam: 02.09.2024]

* https://www.lds.sachsen.de/?ID=2392&art_param=Zafgriff am: 26.08.2024].

® https://github.com/dropbox/zxcviAugriff am: 09.092024]
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VL ]LHONZHFBWU ~&ERNPHWWHOV &RPRRKHSHGLMWHUQDWLRQDO
&KDPEHU Rl &RPPHUFH 8Q@EWH®EQA (UIBGREO]HQG EHL A8S8QNQRZQ:?
GXUFK $EIUDJH GHU 2SHZ&ZRRNLH 'DWDEDVH

+LQVLFKWOLFK HWZXWEBIHU PRIV DB QMHDI HOROD\ KRG 'LWWUL

> @HU<FNV[VKWLIEBWYSLHOVZHLVH GDUDXI JHWFKWHW GDVV G
NHKU QLFKW ]X JURPE SALINGLQ\E BHHZ QUARISF kG ISKOW

PHQ GHU 8QWHUVXFKXQJ ZXUGHQ NHLQH SHUVRQHMQEH]RJIJHQHQ
YHUDUEHLWHW 'HU :(& JLEW]MRWH LHL QWIERIWXEF & MUGIH G LJOLFK
GLH :HESURDMQPU @

(UJHEQXLQ@BHAHZHUWXQJ

,Q GLMENFKDHWMHQ GLH ZHVHQWOLFKHQ (UJHEQLVVH GHU 8QWH
XQBLW @ %HIXQGHQ YHUJOHLFKEDUHU 6WRBLHMIRDIMW]LHKXQJ .
QIFKVW HLQH hEHUVLFKW DOOJHPHLEZQDB B-NBHQVX RERV'DQVH EHYRU VS
WUDFKWHW ZHUGHQ

$OOJHPHLQH (UJHEQLVVH

P 5DKPHQ GHU 8QWHUVXFKXQJ NRESQWINOIGRO BIY B PRMK
DQDO\WLHUWGAHOGHK HLQ $QGHIHBDSYRGHRBQWH DXIJUXQG
IHKOHQGHU :HEVHLWHQ WHFKQLVFKHU 9HUELQWXQJVSUREOHPH
NRQ ¢ JXUDRGAHRUDKIAH UKD IWHP 9HUKDOWHQ BWV ZHEGBODFKW XQWHI
YIJ®EES LP $QKDPBPHUODX|I GHU 8QWHUVXFKXQHEXUGHQ LQVJHVE
&RRNLHV:HE%HDFRQV X@AUIJH 16PWREBIHHGWRIOIIHQ G

JHPHL QA2ER HNWHEQMIHVDPW ZXUMENHLWHQ EHVXFKW 'HU :(&
OLHI PL3D GHAAMOHU * XP SUR :HESUIVHQ] ELV ]X L ]XVIW]JOLFKH :H
WHQ ]X HWPIDXWFHKQVF K Q LW WEBSK V\DQ BNHHENHW H

"HE&RRNLHV

$XI GHU XQWHUHBDSFKWHEXHWGHQ &RFENLHY QDFKJHZLHVHQ
YJODE VHOWHQHU [EON. GHXWVFKHQ 5HJLHWLOMQVY HLWHQ
WHLOXQIKZZVIGHKKWOLFK LKUHU /HEHQ¥ZHEWRZLKUHKUHKWXHOOH LK
BHW]PHWRKBRIEHQRPPHQ

® https://github.com/jkwakman/OpeBookie Databas§Zugriff am: 09.09.2024].



92  Georg Opitz und Gunnar Auth

_RPPXQDOISUHEH PIHEMF $Q]DK
"HE&RRNLBWUIJH

"HE% HD-FRRQWUIJH

(LQWU |JRF-BRV RAPIEMH N W

7DE $Q]DKO GHU NR P8 X Q/IH®H RQIHER EQH Q W

%H]+JOLFKEGHQWGRPWQLHUWEBRRNLUYVLRO®MHL (UVWDQELHWHUQ
*|W]HDBW XQG EHWLWWDQELHWBOQ *|W[KUH®G
SHUVLVWHQWH &RRNLHV HQWYVBNH FEHYE RBINLI DXWGHQH Q
DXFK DOV VROFKHINDWHGR UHWYL HWEH QW ]HHWWH DEHAL HOHIDWLYHQ
'DEHL HUIROJWH GDFK(HQMIPLE®XGQHYV 9R UBUEDIV HWR D O

>8U @KU DOV GLH +IDO/OHERRRNLHY VWDPPWH YRQ 'ULWWDQEL
*|W]HD BW 7JUHYLMOQ HW7U @DV HLQ HUK|KWHV 'DWHQVEFKXW]U
GDUVWHOIOWW VLFK GHPQDFK IHVY&RRNOW | FRALY FKHW VWRQE L H
PXQD:®IHES UIVHQ®K GHXWOLFK NeUJHUH **OWLJNRLWVGDXHU DXI1Z
JH BW VLIQL¢{¢NDQW K|KHUH $QW&RRNLEY ©HWJIHUPKEH QH Q Q:\HE
VDPW VHWWWDRELHWHU KIX¢JHE&RRN LOINVQ DAHE G HHWHE HHE (UVWD Q|
WHUQ GHU )DOO LVW

8QWHUVX
9RUOLHJ 8QWHUVX ‘
BQWHUVXFKXQJIVIF gqwHUVX YRQ *|WDH YRSw?oUH

"HESUIVHQ]HR&RIRW L t -

6HVV&RRNLHY JHVDF -

JHUVLVWHQWH &RRN -

(UVW D R RHNUHHY D P W

6HVVLRQ -

SHUVLVWHQW ( -
" BWXQGF -

7DJ -

" ORQDW -
" _DKU :

I -DKU -

'ULWWD&QER N MWHHIWID P W

6HVVLRQ -

SHUVLVWHQW ¢ -
" 6WXQGF -

" 7DJ -

ORQDW -

-DKU -

! -DKU -

7DE 9HUJOHLFK GHU YRUOLHJHQG D@ 8 Q@G U UXIMNENUYQ PHW *|W]H HW
=DKOHQ ZXUGHQ DXV GHQ SXEOL]JLHUWHQ 'DWHQ HUUHFKQH
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'LH .DWHJRULSHHWYVX QW BOQYHIKERGNGAMROIWH YRPI% GHU

*|W]H HWRDIHVFKODJHQH®* | O@VY LY\OWDMLLAR GRQ &RRNLHV

ZLHAL QHEHQVGRRHAD DXIYJDODE 'HWBWQWGHIORRMLPLW HLQHU
JHEHQVGRRHARQDW EHOLHI VLEKKDHQG GHU &RRNLHV HLQH
JHEHQVGDXHDKWRQXIZLHVHMWLQH /HEHQ VG BXKW DYRIQ

‘IKUHQG (UVWRRELHWHQVEHVRQGHUH LQ GHQ NXU]JOHELJHQ .DWH
VWLHJ GHU $QWH LG RRNLHYVLRAWD QEQHWMHHQGHU /HEHQVGDXHU C
YIJ®EES LP $QKDQJ

'LHODVVL¢]GHADHFNRMHE&RRNZXWOAKDQG GHZREMUWHU

JRUIYHRRQ JHQREPPGIY PLW GHXWDMWFKU GHEDYREWHHD DQJHJ

QHQ >8U @UNOIUHQ ®UWVWVV(FXKKERK\GHBQ WRKM ®Q 6H
LRRRNLHY GHUHQ KHUVWHOOHUHLJHQH %H]JHLFKQXQJ YRQ 'D)
HUIDVVW ZHUGH®E&RRNLH YV D2OMHRXIQU VELKF KQWR VOEHN

AW U LHW B VAVIDIUQ ] X VW X IBERH QW H Q 3HXQRU P)XQ R ZHR Q

FNHQI®EES LP $QKDQU GHWE&RRNLHY NRQQWMLNHLQH HLQGH
=ZHFNEHVWLPPXQJ YRUJHQRPPHQLHE HUGHD®HABEERNGRDQ
HQWVSUHFKHEHU SHUVLVWHQW HRDXYRRIQLE® YV QHMEHH W L Q J
&RRNLHV NODVVL¢]JLHUW XQG PLW GHP YRQ 'URSER[ HQWZLFNHO\
VWIUNH JHPI9%R®DQ FXSDDE® X UWHLOW HHOWWHEHWLHUEHL DOV
DXVUHLFKHQG XP HLQHQ 1XW]HU XQWHHD H@QHU 0OLOOLDUGH ]X L

$XI NRPPXQDOHQ :HEVHLWHQ GHU 6WLFKSUREH IDQGHQ
7 JHWIHWERR RNEIKWYOLFK GHQ EBE| *@DEHWWXQWHU GHQ

YRQ 7UHYLYDRQ BWRPDHQWIDOOHQ VLHEBGNLQWHUVFKLHGO
&RRNDKV GHQ $CORXKDBIEMW GLH *EULJHQ DX| )DFHERRN X Q
UH 8QWHUQHKPHQ 'MHPZWDENVRINMH\ HHHER$) B KR FHWU Q H X W
GHVVHQ 'RPLQDEHL SHUVRQDOLVLHUBWBI Q@ DFKYHUIROJXQJ

%BHEHUZHL 'UQMONMHHAE RRELHY ZXUGH HDWMWHWKRGHUVHLW

JHV 6HSHHQ~AHD OrHHW Z MEZ®N GHQ %HWUHLEBUR ®BUS:HEVHLWHQ

NRQWUROOH *EHU GDV 6HW}E& R RHNUWPN QLKW GHHLVEHYYQR@LO VR
ZIKUHQG *EHU GLH -B$DEFWHIWW ZHUGHQ 3HUVLVWHQWH .

YHUWHLGBQHDEKIHZRIHQHAHUGHEE U G H Q+ H DTIHIW ] W

XQG *EHU -®LYD 6BBLAW]WHUH OHWKRGH HUODBEW HV 'ULWWDOC

FNEQNULSWH G\QDPLVFK QDFK]XODGHQ

"HE%HDFRQV

$XI GHUXQWHUVXFKWHQ :HESUIVKHIQDHQQND PHRQ (LHE/DW]
YJODE ,QVJHVDPW ZXUGHQ 'R P DHLQGGHXWALLLHH HWOWD O \ V H
HUJLEW OPNWIFRHEY GHW GRIWVBEDWWIRUP 8VHUFHQWULFV PLW
GHQ JU|%WHQ $QWHLO' LKMEHQ GIHHV R BIBHIVRIQW P L W

YJODE
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8QWHUQHKPHQ $Q]DK
8VHUFHQWULFV *PE
$OSKDEHW ,QF *RI
=ZHFNYHUEDQG .,69
SLWFRP *PE+
HWUDFNHU *PE+

7DE 8QWHUQHKP HQUWHIDPRIQY :HAES

$Q GULWWHU B6WHOOH O'LHHIQW VEGIKIL WRFHEHIGEIO WE G

%HDFRQV YRQ )DFHERR WY PUW. QDDURMYWHMHWBAWHUVWUHLFKW GLF
(UJHEQLV GLH XQNULWLVFKH 1QWGELEJI HL[QWH U R FKY t U EROQ RVOKIH X R
1XW]JHUQ HUP|JOLFKW

'"HU $QWHLO%GIDEFERAE U GLH HQJHUH 'H¢ QLAMLRBHHQWVSULFKW
ZLHJHQGH 7HLO GHU LGNQ®&JRHAKWERFOGEFMR IS @S H U
&66RNXPHQWH GLH G\QDPDLWKXHODGHQ ZHUGHQ -XQG DOV 'ULWW
SHVVRXUFHQ GLB FBW IWMWIMHEOUFK EHHLQWUIFKWLJIJHQ (LQH ORNI
RQ VRORKHBWBH VLH UHFKWO L% K COFAR\WQ VUNSIWQEILHWHHIHQ XQG 7L
FNERUVLNHQ UHGGHMUMHMIORKHU $QWHLO DQ 5HVVRXUFHQ QLFKW
ZHUGHQ

(LQWUIJH L®WR EBDENHNW

$XI GHU XQWHUVXFKWHQ :HESUIVHQIHRF-BEWMRBHDIWLFK (LQWUI
2EMHBWXWOLFK VHOMRRQHBVDOVITDE 'LH (LQWHLOXQJ GHU
(LQWUIJH 16PW RREBIMHHNWR O JWH JHPI% GHU >0OD@OIRQNDWLRQ YRQ
GHQ HUIDVVWHQ (LQWDIXHUWOYNQEQE WU XOWWDQEL
WHYJDDE ZREHHDOSKDEBSWHUOQRRM®BGRX7XEH PLWHQ

JU|%WHQ $QWHLO XQWHOMEHD (UQWWDEEYR® HUQWDQELHWHUQ Z
GLH 6LW]XQJVGDXHU EHVFKUQWNNJIHQHZ X' UFRW®] B® EdLH W H U
]XQIJIVHQGH JHVSHLFKHUWWQ H | KREHIE®Y G DDOHIU YRR O

" DKU XQ&RR -DKWXIZLHVHQ

(LQWUIJH EBW R BDEMF
(UVWDQ
'"ULWWD
*HVDPW

7DE (LQWHLOXQJ (LQWURIPEMHNRWIIDFK 4XHOOH

" Zweckverband Kommunale Informationsverarbeitung Sachsen.
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6R]LDOH 1HW]ZHUNH

$XI GHU XQWHHEZBKWHRGEWQ VLFK 9HUOLQNXJQJHQ ]X VR]LDOH
ZHUNKQQN REBMRPLQLHUHQ 'LHQWWBOG KD E@GYWDQ V

YIJ®EES LP $QKDQH DOOJHJIJHQZIUWLJIH (LQELQGXQJ H[WHUQHU
IXVIW]OLFKHIANWRNIH XQG HUIRUGHUW NODUH 1XW]JHUKLQZHLYV
NRPPXQMMEISQIVHQ]HQ

)D]LW

'LH DXWRPDWLVLHUWH $QDO\VH NRPPXQDOHU :HESUIVHQ]HQ LP
HQH YDOLGH ORPIGE®W DIH QDK® E X Q 3 0VHRVK RGEBE NG ED U W H
JUXQGOHJHQGH 'H¢]JLWH LP SUDNWLVFKHQ 'DWH@VFKXW] $XulOO
JLINHLW YRQ-TULDAWWMDQELSMHOH .RPPXQHQ *EHUWUDJHQ JHQWUDC
HIWHULAIKRVWH GHQ $OBRPHEWIRGXUFK .RQWUROOH XQG 7UDQVSDU
GLH 1XW]HU HLQJHVFKUIQNW EO-RAHEMRR Q\O HE AKHYQ XM@NW LWL V AK
(LQELQGXQJ YRU DOOBPDEHIHERQNWRWNHQ XQG JUR%H 30DWW
HUIROJW QHQHQWRBODDWLRQ GLHVHU 5HVVRXUFHQ Z+UGH VLH UH
5HVVRMNOHMVY L ¢ JLHUHG XN HAQDFMXWOLFK YHUULQJHUQ

'LH $QZHQGXQJ GHPKIWRSER]XU %HZHUWXQJ SHUVLVWHQWHU &RF
DOV SUDNWLNDEOH®RBHIHDRDONYL:]JLHUXQZHFIX@MR (U GHQ

NLHV KLQJHJHQ VROOWHUNX NROEMHMYFHQW ZHUGHQ DXFK ZHQQ
YRU DOOHP DX| GHQ KRKHQ $QWHLORRNUNW HROW-HWHYSHKLLNEG KH U
ZDU $XFK LP %HUHLFK REH &R R EHIQV-COPRURM O HQ E

VWHKW )RUVFKXQJVEHGDUI (LQH XI®GQMHUMWGHOIRH § W L BIRIX Q B EN-XQ
GDXHUQ Z+*UGH KHOIHQ GLH '\<DBIRLKRBRGHEMHH BUXFNHQYW HKH
2EZRKO +76/E6WRLEMHNWH GDW HEXHKXRW WHXQHFBMWAWHQ XQG
PLW MHGH$Q I YDDMW HMBHUWUDJHQ VHW]HQ NRPPXQDOH %HWUHLEH
DXl NRQYHQWLRQHOOH &RRNLHV XQG G\QDPLVAK QDFKJHODGHQ
ZLFKW ]JHLJW GDVV GDV 3RWHQ]LDO XIRERJEUVIZDYDIVXQHU 6SHLF
UHLFKHQG DXVJHVFK|SIW ZLUG

'HU :(& EHVWIWLIJWH VLFK DOV OHLVWXQJVIIKLJHV 7RRO ]XU (U
7UDFNLQJV =XVWDQGVORVH OHWKRGHQ EOHLEBQ GDJHJHQ XQE
JHQGH :HUNJHXJH QRWZHQGLJ \BIHNGN UXP ®RG HIHYIDW® WH DEENLQ J
OHWKRGHQ X X@GWW H Y K F/H P Q V8 QW IHRIQ/HE @ KBWTRIL H QIO D V V
(NDWLRQ- XRG (UY WD QER KGIEHIQLU FK GH@HLKRY XQJIJHQDX H
IROJWH XQGBY|KRXE® FKDK ®DQXHOO QENMRIGQEMWM | RBOEH

ZXUGHQ NHLQH 8QWHUVXFKXQVW® @ DX % HUWB OB HVOMRRIOV G XL
1« KUVED GLHVH XPIDV VHIGEHU X R H O Q ARG BIAMI HM MIWHH Q

8 easylisttxt, https:/easylist.to/easylist/easylist.bderFilter-Listen von Adyuard
(https://adguard.com/kb/de/genal/adfiltering/adguardfilters/) [Zugriff jeweilsam:30.08.20%].
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hEHUWUDJEDUNHLW GHV 9RUJH K H (VX XEQHEAHUQ SHIWVDHQGH QJ GHV :(
DQGHGHUDOHREGEH® HIQ Q]H O QWW6SIKIL QGELHSQHIND @ HIWG@ H B HA)H G L
O L6 K\H Z H L&BL VEIDQ | W L I W

$EVFKOLH%HQG OI1VVW G K Q MAHIKD O MMHE] @ ZDU PRGHUQH
GLJLWDOH 'LHQVWO HLL WE € UH DL EK WWHD ' DADHEQ VWF K X W]SULQ]LSLH
UHLFKHQG XPVHW]HQ 'LH YRUOLHJHQGH 8QWHUVXFKXQJ JHLJW
JDEHQ XQG GHU 3UIPLVVHQ YRQ 3ULYDF\ E\ 'HVLJQ QDFK ZLH Y
OHWKRIHQGHBESUIVHQQB@® GHFRUUDQJ GHV *HVHW]HV JHUHFKW
ZHUGHQ XQG GLH 1UXNOAEWHNOWH XGNMBKW]JHQ LVW HV XQHUOIVVO
VFKH XQG RUJDQLVDWRULVFKH 0D%QDKP D@ HNRIDESITXHQW XP]XV
VHQIP+@VHQ H[WHUGOHVVRXENH®I DX WKRWHHWH BBV UQDWLYHQ
XPVWHOOHQ YHUVBWRNIVIEXIHEH VHMWRIBIQ XQG NODUH +LQZHLVH
9HUODVVHQ LKUHU :HESUIVHQ]JHQ LPSOHPHQWLHUHQ 1XU VR ND
NRPPXQDOHLHQYMUHQ VMKW JHQ X QE H D E VLIHFGKWH QUIHDE KRYGH U JH]
IROJXQD 1XWINVBUDXFKW ZHUGHQ

ILWHUDWXUYHU]JHLFKQLYV

>$$: @ $OKDUEL - $ $OEHVKHU $Q P SDKVKMHK $©DP\VLV RI
((*RYHUQPHQWVY &RRNLH ,QWHUIDFHV LQ &RXQWULHV

>S$F@ $FDU * MWHWOIFWLYH 'XVWLQJ WKH :HE IRU )LQJHUSULQ
6DGHJIIBL $OLJRU 9 <XQIURF +RNWKH $&0
6,*6$3& FRQlI RQ FRPSXWHU FRRR6QLFDNMEDRQV VHFXULW\
3UHVV 1HZ <RUN 86% 6

> % D@ %DUWK7 %3 6WDWH ODQDJHPHQW OHFKDQLVP 5)& (GLWRU

>%X@ %XMORZ 3% 6KWYOHD RQ :HE 7UDFNLQJ OHFKDQLVPV ,PSOL
DQG 'HIHQVHV 3URFHHGLQJV RI WKH ,((( 6

>& D@ &DKQ $ $QWBHBDULFDO 6WXG\ RI :HE &RRNLHV ,Q %RXUGH
DO +WWRF RI WKH WK ,QW &RQI::RQ :RUOG :LGH :HE
*HQHYD 6ZLW]HUODQG 6

>& D@ &DVVHO 2PHN&OIDZO &RPSUHKHQVLYH OHDVXUHPHQW RI
7TUDFNLQJ ZLWIKKS IHPOO ORENOWMR %Y URZVHUW 3URFHHGLQJV R

F\ (QKDQFLQJ 7THFKQRQRJILHYV 6
>D@ 'DEURZVNL GHBWKDOQJ &RRNLHV DQG-:HE 3ULYDF\ LQ D 3
35 :RUOG ,Q &KRUQHV ' %BDWEFORIRWKE +WKJQW

&RQ|! 3DQGLYFWLYH OHBYXUHBISQWQJHU &KDP 6
+
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>'R @ '"RELDWU-LYDF\ (UHFWV RI :HE %XJV $PSXL{;HG E\ :HE ,
HY4.EQHU 6 HWWDIOYDHRAWVIQG ,GHQWLW\ ODQDJHPHQW IRU .
6SULQJHU %HUOLQ *+HLGHOEHUJ 6

>('R - @'36 ('36 ,QVSHFWLRQ 6RIWZDUH KWWSV ZZZ HGSV HXUR
LQVSH¥RIMRZADUHBHQ 6WDQG

>(Q@ (QJOHKDUGW 6 (XEDQN & =LPPHUPDQ 3 5HLVPDQ
$ 2SHQ:36Q DXWRPDWHG SODWIRUPARQWHE SULYDF\ PHD
KWWSV VHQJOHKDUGW FRP S®ISHWDRSHQZSPB

>(1 @ (QJOHKDUGW 6 200 DOQMQDUD FNOQILREH 0H D
XUHPHQW DQG $QDO\VLV ,Q3URFSRO WKHW D@&BUVJ

6,*6%$& &RQI RQ &REPHBXMK-QL POMELR Q&X66HFXULW\
1HZ <RUN 86%+6

>)15@ )LHOGLQJ 5 1RWWLQJIJKDP3 0 S5HVFKNH -
KWWSV GRL RUJ 5)& 6WDQG

>*| @ *|W]H 0 HMDM®ULQJ :HE &RRNLHV LQ *RYHUQPHQWDO :HE
$VVRFLDWLRQ IRU &RPSXW MK 080F KHLE 8BL HQFH
&RQI -:HEGBFL $&0 1HZ <RUN 86% 6

>, &@ ,&&&RRNLH JXLGH
KWwWSV zzzZ EDUFOD\WFRUSRUDWH FRP FRQWHQW GDP EI
FRP GRFXPHQIWYI RHRBBRRR-NKHGH SGI 6WDQG

>' @ .HQQHDOO\ ( 'HWOWMQIOARK5HSRUW (WKLFDO 3ULQFLSOHYV
,QIRUPDWLRQ DQG &RPPXQLFDWERD (OHAVORRORLIFE 5HVHD U
-RXUQDO

>H@ .HOEHULJWDO IUHL8RQBVJBW LKW
KWWSV ZZZ EIGL EXQG GH '( '"HU%I!', ,QKDOWH 3DUODPHC
.HOEHU KWPO"QQ 6WDQG

>/*1 @ /LEHUW 7 *UDYHV /&KDIQH®VHED BWKLERBQWHQW RQ
(XURSHDQ QHZV ZHEVLWHYV D MMH URY 3W K BIHBWWMWXBAVR JQ VW L W
-RXUQDOLVP

>/L@ ILEHUWSRVLQJ WKH +LGGHQ :HE-3IMUKQADKAWNWILYV RI "LUG
BHTXHVWVY RQ OLOOLRQ :HEVLWHV KWWSV DU[LY RUJTZC

>3%$ @ SDUWULGJIJH & (WROIOFDRFRQWLQGHWEZWUR@PHDVXUHPHQW
SDSHUV &RPPXQLFDWLRQV RI WKH $&0 6

>3X@ 3XJOLHVHIEE WUDFNLQJ 2YHUYLHZ DQG DISSOLFDELOLW\ LG
JDWLRQYWIRWWDWLRQ 7THFKQRORJ\ 6
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>5.: @ 5RHVQHU ) .RKGRDDOWHWWLQJ DQG GHIHQGLQJ DJDLQV

>5/ @

>6D@

>6D@

>6D@

>6+&@

>6P @

>6 X@

>7 U@

>8U@

WKSD®W\ WUDFNLQJ RQ WKH ZHE ,Q 86(1,; $VVRFLDWLR(
+UVI6',Y 3URF RI WKH WK 86(1,; FRQI RQ 1HWZRUNHG
'HVLJQ DQG ,PSOHPHQWDWLRQ 86(Z,; SVWVRFLDWLRQ 86%

5XRKRQHIPSSIQHQQWLVLEOH 3L[HOV $UH WHDG /RQJ /LYH ,C
EOH 3L[HOV ,Q /LH ' ODQQDQ3WRF-RAQVIRK) $ +UVJ
‘RUNVKRS RQ 3ULYDF\ LQ WKH (OHFWURQLF 6RFLHW\ $&0
6 =

6DQFERDD , "HWHEY ZDWFKLQJ \RX $ FRPSUHKHQVLYH Ut}
RI ZMBUDFNLQJ WHFKQLTXHYVY DQG FRXQWHUPHDVXUHV [/R.
6 +

6DQFERDD , &DW DAQSW 2XW <HW" *'35 DQG WKH *OREDO |
RI &RRNLH &RQWURO ,QUVYBOWRWYDIRWK/KH HW $HEO

$VLD &RQI RQ &RPSXWHU DQG-SRRPX&AFDWLRQV 6HFXUL
$&0 1HZ <RUN 863$ 6

6DPDUDVLQJKMW WXHW DOWH" 3ULYDF\ $QDO\VLV RI *RYHU
"HEVLWHY DQG ORELOH $8SMVO, GBURFR RHWKH) H

$&0 :HE &RQI-::: $&0 1HZ <RUN 86% 6

6LP . +HR + 7&8PRENtQJ WKH :HE 7UDKNLQJ OHWKRGV &

WHUPHDVXUHV DQG )XWXUH 'LUHFWERQV KWWSV GRL R
Y

6PLWK 5HQOHE %XJ )$4
KWWSV Z Hu RUJ 3ULYDF\ ODUNHWLQJ ZHEBEXJ KWPO 6

6X = HAWIDYDF\ /RVW LQ 2QOLQH (GXFDWLRQ $QDO\VLV R
(YROXWLRQ ,Q <DQ3GYMIW PG 'BWWIOLOPLQJ DQG $SSOLF
WRQV 6SULQJHUt &KDP 6

7UHYLVDQ O<HDWW®I (8 &RRNLH /DZ 5HVXOWYV DQG /HVVF
/JHDUQHG 3URFHHGLQJV RQ 3ULYDF\ (QKRQFLQJ 7HFKQRO

SUEDQ 7 %HWRRG WKH )URQW 3G H3 DAHD\WV'XQDOLFV
LQ WKH )LHOG ,Q +XDBQRK RHWHD (HE+BROI
$8&0 1HZ <RUN 86% 6

+$7:* +70/ /LYLQJ 6BWDQGDUG KWWSV KWPO VSHF ZKD!
6WDQG
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$QKDQJ

Erfolgreiche und fehlerhafte Untersuchungen mit Fehlerarten
(n=428)

Verbindungs-
fehler
12%

Daten geéindert
(erfolgreich)

o
23% Time-out-
Fehler
0,9 %

Zertifikats-
fehler
0,5%

Fehler
44 %

WEC-Fehler
1.4 %

Verwalt.-
Gem.
0,5 %

$EE$ (UIROJUHLFKH XQG IHKOHUKDIWH 8QWHUVXFKXQJHQ PLW )t

Verteilung Lebenszeit persistenter Cookies

275%

Gesamt

134%
‘Gesamt

122%

Gesamt

88%
Gesamt

5

Erstanbieter

Erstanbieter

Stunde Monat Jahr Mehr als ein Jahr

$EE$ 9HUWHLOXQJ /HEHQV]HLW SHUVLVWHQWHU &RRNLHV
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Verteilung Web-Cookies nach Nutzen
349 %
Strictly
Necessary

7.6 %
Performance

e -
Functionality

6,5 %
Targeting/
Advertising

49,6 %
Unkown

$EE$} .DWHJRULVLBHRGZWOFKRRRNLHV

Verlinkungen zu sozialen Netzwerken

X (vormals
Twitter)
17,8 %
YouTube .
11,6 % Vimeo
WhatsApp 27%
2,1 % Google
4,5 %
LinkedIn
2,1 %
Instagram
17,5 %
Andere
6.2 % Threads
0,7 %
Pinterest
0,3 %
TikTok
0,3 %
Facebook
40,4 %

$EES 9HUOLQNXQJHQ ]X VRILDOHQ 1HW]ZHUNHQ
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DXFK GLH $QJDEH GDVV VLFK GHU .FRSBRLH¢EGRHIBAGRIWZDUH DV D
08&-1V4/0&-IGW/-=)&/H!

14=)! G&J/! 9:8$&! 0&') F#2?24/&/) 0,-! R)&?,! p A24%S$: #2485 $-1 N&',4-5#08'4/3!
L&6',2)6&/* 3:L6! &1 0&/H=)! <#-:6:9&! /@&:=)&H! #! -=)06@&/! 7]! F#2?4/&/! 0:&!
IHSZ+HB&+, HBH24",0%(4:) &' 0:6,'L&:6&'! $-1 <#-:6:91 &:/H! I$$&'0:/3-! @&:36! -:=)! ;2!
84'=)-=)/:66! &:/! $8&:=)6&'! /&3,6:9&" R'&/OH! K:/! 0)/$:2)&! V:$0! @&:=)/&6! -:=)! L&:! 0&/!
(W)'4/3-9%'056&/! ,LH! QEIH24":0%6(4\ *##2 24%-#+! V%+*#-1 %DA2B! B)$Y%o+5&ASH2:#+
G0, $-1#<6:2:&'L,"1,/38&-&)&IH!8:&-1?,=)6!0846%:=)*10,--1&-1@G, I/-O6 @&ISW'I(#'6-=)":66!
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3:L6*i&0#=)!,4=)/#=)IP, 4?1 5W'"&'L&--&'4/3&/!L&-6&)6H!b,j3&L$:=)!-:/0!):&'L&:*!$,46!
0&'1>?5',3&*!:/6&'/&!M4,$:5: @:&'4/3-?,j/,)?&/*14210:&104'=)-=)/:66$:=) &IRH#?<&6&/@!
0&'IF#$$&3&/1G&:6&" @4!-6&:3&'H!>?!14,$:5:@:&'6&-!;&'-#/,$! @4!),$6&/!4/0! @4!3&G://&/*
-&6@&/ 0:&! F#?74/&/19#",/3:3! , 45! 5$&M:L$&! I'L&:6-@ &: 6 &HORBS&H! K:/! G&:6&'&'"!
G:=)6:3&'1/'&:@!:-6!0,-!.=),55&/1&: /&1 ?#0&'/&/'I'L&:6-4?3&L4/3H

>/6&'10&?11-<&%610&.18:3:6,$&/!.#49&'O/:606!:/IV&@43!,450,-ACD!G4'0&/19& ' -=): &0&/&!
V&'&:=)&!9#/108/| R&:$/&)?&/08&/16)&?,6:-:&'6H! K-1 L&-6&)6! &:/ @ FE&!2, D#241B)+!

HAHS+H+] QUo;0BHS(0$H+ 0HS A MBI V&' 64/3-4/6&'18)?&/H! 8:&1 U46@4/3! 9!
X$#4@-2-4/3&/) L:'36! 0:&! D&5,)™*! 0:&! 8,6&/)#)&:6! @4! 9&'$:&'&/H! 8:&! 5:/,/@:&$$&!
>/6&'-6W6@4/3!'&:=)6!#561 /4| BW'I #L&'5$0=)$:=)&! 8:3:6,%:-:&'4/3-<'#i8&%6&! ,4- 4/0! &-! 3:L 6!
>/9%$,)&:6&/IWLE'"#'38)&/-G&:-&/*15&) $&/0&;:60614/01?,/38$/0&- FI#BHGH!8:&/!

BHHAD &+, 1-7"41Q$%, #4@4'10:3:6,$8&/!14-3&-6, $6H(BH+14/010:81#L&'&/1V&) 2'0&/!

18)2&/1:) &IPH$$&! @4'IF$0'4/310:&-8'1(',3&/1/:=)6!G,) HI (W'10:&! C4%4/56| GW/-=)&/!1-:=)!

0:&! F#2?24/&/1 &:1&)"&'L&--&'4/3! /1 0&'| C4-,22&/,'L&:6! @G:-=)&/1 0&/! KL&I&I*1 %$,'&!
>?-86@4/3-:=)6%$:/:&/14/01&:/&!5:/,|@:&$$&!(2'0&M/3H

JLH  M$#+2"#I4HSIM#H$A#+2+4#$B2#7?"

(W' 0:&! Q/6&'9:&G-! %#//6&/" SW/5! KM<&'6&/! 3&GHUBHGC G&$=)&! &/6G&O&'!
"&'G,$64/3-?:6,'L&:6&H#0&'V&'&:=)-$&:6&,4-10&' @4-60/0:3&/!(,=),L6&:$4/B!-:/0H!

Q/'5,-6!,$$&/1Q/68'9:&G-1G:'0!0:&!&:38/&+&:-64/3!:7IV&'&:=)10&18:3:6,$:-:&'4/31,$-13461L:-!

-&)' 346! L&G&'6&6H! 8:&! F#?224/&1) -&)&I! -:=)! #<6:2,$! ,453&-6&$$6! 4/0! L&GH/&/! 0:&!
(#6-):66&* 0:&! L&'&:6-1 & @:&$6! G&'0&/! Y#/I6&/H! # G&'0&/! Yo% &6&! V&:-<:&$&! SW'I
E5#$3'&:=)&! 8:3:6,$:-:&'4/3-<#i&%6&! 3&///6* G:& 0:&IBKGHEE! SW' 0,-!

14-$0/08& ' G&-&/1B-H!Q/6&'9:&G! 7*a*"EI#0&'10&'10:3:6,$&!V,4,/6', 3!B-H!Q/6&'9:&G! Y *a*!JHAEH!
U&L&/ 0&'10:'&%68&/1 >?-&6@4/3 9#/! FER-64/3&/1 G:'0! 0:&! T:=)6:3%&:6! 0&'1:/6&./&!
O$)5#"*2,24%- 2" 24 S &, O 3&)HLE&IM

8:&! KM<&'6&/! /1&//&/) 9&'-=):&08&/&! N&' 4-5#0&'4/3&/1 L&:! 0&'! >?-&6@4/3! 0&-1 ACDH!
N&'O#3&HL&/ GOl 0:&! ;#L$&7?,6:%! O&HO-#+*#+] EA%+%$22#$&+,! &+*!
Y+44#S$)#$%: 2-24@15:-=)&/! 0&/! 9&'-=):80&/8&/) QR6&?&/! 4/0! K5| S-2-4/3&/H! 8:&!
KM<&'6&/1 7*1 al 4/0! || L&6H#/&/! 0:&! U#6GE/O:3%R:OH24-2,04$! EA%+* 0% (1$!
T4#+()$. %44\ E;0+244' A1+ &+*1 OF)BH'SERDHAHS) #+1] YEMY+*';0% (/1 0&/!
F#224/&/1 4101 0:&! 4/&:/)&:6$:=)&/! "#3,L&/ 9#/! V4/0! 4/0! +O/0&'/! G&'0&/! $-!
N,4<63'W/0&! 5W'! 0:&! ?,/3&$/0&! .6,/0,0:-:&'4/3! 3&/,/I6H! H) G&/I &:I/&!
6,/0,'0:-:&'4/3!L&5W'G#'6&6! G:'0*| G&:-61KM<&'6&!a!,4510:&!D&S5,)'1):/*10,--| F#224/&/!
0:&!.6,/0,'0:-:&'4/3! L$&)/&/! %2//6&/*) G&$! -:&! :)'&D)..&+%-#! E#-'4B#H$?%-4&+,!
HP%OSHAGHSS&M!

8:&! F#??4/&/)! -&6@&/! 458 +4#$",02#*-2;0#! Q%;0B#$(%0B##! 3&-6,$6&6! -:=)! 0:&!
I/L:/04/3),/|@&/6',$&!;$,665#' ?&/H0&|K5B-2-4/38&/!-=)G:&":3H!8:&1&'%. #+%$:#24!
2AVYWT 2#+'4-#2'4#86:'01 04'=) ! b#t/#<#$&! 4/0! Q/6',/-<,'&/@! L&:! 0&'! ;'&:-3&-6,$64/3!
&'-=)G&'6H! KM<&'6&! M %':6:-:8BOT &2, D#24 0&' F#??4/&/! 9#/! G&/:3&/! 3'H#|&/!
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I/L:&6&'/! 4/0! 0:&! y#)&/! F#-6&/!' 5BW'! 0:&! Q?<$&?&/6:&'4/3! 4/0! 0&/! V&6".&L! 9&! QR
J-6&7&/H!4=)10:&TRO#!*#$! [#4$2#:'D)'4#H:-6!/:=)6! ,L-=)$:&]&/0! 3&'&3&$6!4/0!%,//!
O#/10&/IV&6E'&:L&'/!/:=)6!9&'L:/0$:=)!L&@:55&'6!G&'0&/H!

B:&! BH?2++8&+,! &+ [2+*&+,! B)+! U&Y%-2(252#$4#.! O#S)H+9B! V&'&:=)! 0&'
8:3:6,$:-:&'4/3! G, 5W'l 0:&! KM<&'6&/! L:-)&'! G&/:3&" &:/! ; HLS&RHE/0! -:=)! L&
L&GA4--6%1 0,--1 0:&B&D1+(42,! #2+# 2H244#$H! "#$%& () $H#IB+B&S$E&/ %62//6&H! K. /!
b,/3&$!G:'019#",/3:31:/10&/!(,=)L&'&:=)&/13&-&)&/H!

8:&!C4-,7?&/,'L&:6! 0&'HO/0&'|G:'0P&:-8<#-:6:9IL&G&'6&6H!Q/6&'9:&G!7!14/0')&L&/10:&!
V&0&464/310&'1+,/0&-<$,665# ?&/14/01V ,-:-%#?<#/&/6&/!) &'9#'H R&B@L6!&-IF':6:%!
J10& =)..&+2D%42)+1 &+ 1*#$1=))$*2+%42) 1572, 04+ *#+IBHE', 028 H-+#+IM :#-+HH¥

JLY  7&'%. #+(%" &+, *HB!I"HI%NE&' () $ HI&+ #+ |

84'=)! 0:&! +:6&',64',/,$3-&*! 0&'! >?75',3&/! 4/0! 0&" Q/6&'9:&G-! %#//6&/! S5#$3&/0&!
%#/-#$:0:&' A& 4-5#'0&'4/3&/IL @3$H!0& AED &6 @4/3!&'4:&'6!G&'OR./f

"#$%&' () S HS&+,! NI 31 ¥
D&":/3&!<#$:6:-=)&!;"#:606!0&'"&'G,$64/3-0:3:6,$:-:&'4/3 q! q!q!
F#?<$&M&!P&=)6--6'4%64'&/14/0!/:=)6!098;8.35:=)&!D&-&6@ & gl g!!

>/%$,'&IP#$S&I0& IF#224/8/ q/ q! q!
N&6&'#3&/&!IGH0-=),56*10K,=)9&'5,)'&/14/01Q/-&$$2-4/38&] g!q! g!
"&' @23&'6&0(&)$&/0&!.6,/0,'0:-:&'4/314/QV6&'#<&',L:$:606 g!q! g!
ILYO/3:3%&:6!9#/\ (R &/-6$&:-6 &/ g! q! q!

P&--#4'=&/7,/38$14/01(,=)%'056&?,/3&$!BO#1 $$&2!:/1%$&:/&! gl q! q!
F#?224/&/14/01(,=)L&'&:=)&/E |

R,LHNIF#/-#$:0:& ' 6&!N&',4-5#'0&'4/3&/10&' ACD?-&6 @4/3

8:8-&! 8,68/! @&:3&/! 0846%:=)*! 0,--! 1)&@4! &/! &:/)&:6$:=)&-! "&-60/0/:-! WL&'! 0:&!
N&'4-54#0&'4/3&/108" ACTS?-86@4/3!L &-68)6H

AN MSH#+2' 2 AHSISHAYA )+ &+ Yo +*-&+,'H ./ (#O-&+ #F

8,-1A/$:/&@43,/3-3&-&6@!BACDE!L:&6&6! &:/&! D'4/0$,3&! @4'!"&'G,$64/3-0:3:6,$:-:&'4/3*!

0#=)! 0:&! >?-&6@4/3! :-6! ?:6! &)&L$:=)&!' N&',4-5#'0&'4/3&/! 9&'L4/0&/H! 8:&!

+:6&',64',/,$3-&*10:&!>75',3&!4/0!0:&'KM<&'BZ6&'9:&G-! @&:3&/*10,--1&-1/#=)!10:9&'-&!

N&',4-5#'0&'43&/1,4510&'1%0#??4/,$&/IKL&/&*I3:L6H!8:&!KM<&'6&/3&-<'0=)&!@&:3&/*10,--!

&-1%8&:/&! 3,/@)&:6$:=)&! +2-4/3! 3:L6H! 8:&! F#??4/&/! -:/0! @4!)&6& #3&/! ,453&-6&$$6! 4/0!
I

"18:&!LY%W @4/3&/1+*1>¥1Q!1-6&)&/!,$-1Q/0:%, 6#'10,5W*I#L10:&!IN&',4-5#'0& AKBBRO&A *10&31 75", 3&!
#0&'10&/'KM<&'6316&'9:&G-!:0&/6:5: @:&'6!G4'0&H
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5#%4--:&'&/1-:=)1,4514/6&'-=):&0$:=)&!.=) G&'<4/%6&H!C40&?IGH$S&/!- &!:/1)' &?IP&=)6!,45!
%#?7?4/,$&! .&$L-69&'G,$64/3! [:=)6! &:/3&-=)'0/%6! G&'0&/! 4/0! &9&/64&$$! 4//26:3&!
+2-4/3&/!,453&0'0/36! L&Yo#??&/H!K-1?4--1&:/13&?&:/-,?&" I/-,6 @! 3&54/0&/! G&'0&/*!

0&' 0:&-&! B&'-:606! L&'W=%-:=)6:36! 4/0! 0:&! F#??4/&/! i&! /,=)! ;'#L$&?-6&$$4/3!
4/6&'-6W6@6H!U:=)6-0&-6#6'#6@!3:L6!&-I5W'V4/0*1+O/0&'14/0\F#??4/&/1&:/:3&IV&'&:=) &*1, /!
0&/&/'-:&13&@:&%$6!,'L&:6&/1%2//&/H

H1%2/1&/!,45!V,-:-10&IN&',4-5#'0&'4/38/10:&!5#$3&/0&/!;4/%6&!,$-! &--&/ @ : &$$!SW' &:/&!
&'5#$3'&:=)&!>?-&6@4/3!0&-!ACD!,45!%#?74/ $&'|KL&/&!,/3&-&) &/ G&'0&/14/0!-6&$$&/!
-#7?:610:&!N,/0$4/3-&?<5&)$4/3&/'0,f

@L =) [HAHHHIZAHIPH &S #H12+I=). &+ 4

K:/&! &'5#$3'8:=)&! >?-&6@4/3! 6&=)/#$#3:-=)&' QII#9,6:#/&1! :/! V&)2'0&/! -&6@6! &:/&!

L&', 'L&:64/310&-| P#$$&/9&'-60/0/:--&-10&1"&' [6GH6$:=)&/19#  4-H!>?108/!0:3:6,$&/!

T,/0&$! @4 3&-6,$6&/*!-:/01 3&@:8$68&! Q/9&-6:6:#/BMDTE:6&'L:$04/3! 21 V&'&:=)!

0:3:65&'| F#?7<&68/@&/! &-&/@:&$$H! D$&:=)@&:6:3! 2W--&/! 0:&! 5:/,/@:&$$&! 4/0! <&'-#/&$$&!
14--6,664/31 0&'| F#??24/&/1 9&'L&~-&'6! G& 0&/H! C40&?! :-6! &-! G:=)6:3* 08&/! F#224/&/!
28&)'1($&M:L:$:6061L&:10&'1>2-&6@4/310&-1A/$:/8&@43,/3-38-86@&-|@4!3&GO) &/H!.=)$:&j$:=)!
H$$68! OB3B&! (,=)%#?<&6&/@! ,4538&L,46! G&O0&*! 47! 6&=)/-=)&! I/5#08&'4/3&/!
13828--&/IL&G&'6&/! @41%2//&/M

CL  P#,04-2;0#'P%0.#+:#*2+,&+#+1%+/%"#4H

(W'&:/&! &'5#$3'&:=)&!8:3:6,$:-:&'4/310&' "&'G,$64/3!:-6! 0:&! rL&','L&:64/3! L&-6&)&/0&'!
D&-&6@&! -#G:&! 0:&! %#/-&I4&/6&! UA6@4/3! 9#/! Q/-6'4?&/6&/! CRHO&IPR/6S
;'W5$&:65,0&/!/#6G&/0:3H!8:&!K?<5&)$4/3&/!10&-1U,6:#/,$&/ U#'?&/%#/6'#$$',6-! BUFPE!
-#3$6&/1%814&/6'1473&-&6@6!G&'0&/HIU&A&!ID&-&6 @ &!?W--&/!-#13&-6,$6&6!-&:/*10,--!-: &!9#/!
0&/! +O/0&'/! <',%6:-=)! 4?-&6@L,"! -:/OH! C40&?! -:/0! %$,'&! (:-6&/! 4/0! &:/0&46:3&!
>?-&6@4/3-L.&0:/34/3&/! &'5#'0&'$:=)H! 8,6&/-=B18@) .:=)&")&:6--6,/0,'0-! PW--&/!
04'=)1&/6-<'&=)&/0&6',6&3:&/!3&GO) $&:-6&6!G&0&/H

HL  =))/#$%42)+&+*17T#+4$%-2'2#$&+,1%8"  Yeli#+

K:/&IL&--&'&!IL-6:224/3! @G:-=)&/I\V4/0* +O/0&' ' 4/0| F#?24/&/:-61 &' 5#08& '$:=)*1 47!

0:& 8:3:6,$:-&'4/3! &55:@:&/6! O /@46'&L&/H! T&3&! F#?7<$&M:606! 4/0! %$, &
P#$$&/9&'68:$4/3&/16',3&/10, @4 L& #@&--& @4 9& '&:/5,=)&/H!8&14-L,41 @B/6' $&1QR

"&'5,)&/ 45 IV4/08&-S4/0! +,/0&-&LE&I&! % /I K:3&/&I6G:=%$4/3&/) /1 0&I! F#224/&!

9&'2&:0&/*| GHOA'=)| F#-6&/!3&-&/%614/010:8! Q/6&'#<&' L :$:606!9&'L &-&'6!G&'0&/H! C40&?!

H$$6&10:81023$:=)%&:6! @47!8,6&/,4-6,4-=)! @G:-=)&/1V&)2'0&/13&-=),55&/! G&'0&/H!8:&!
U,=)/46@4/3104'=)'K56- [VXQJHQ A(LQHU I+U $O0OH® XQG GHUHQ 3DUDPHW
G&:6&'1,4-38L,461G&'0&/*1471.0/18'3:&8558%68! @418 @:&$&/H

U Vo%+#-15&$1%2,24%-#+11#$7%-4&+,' D& &S

K/l ,%6:9&" FA$64'G,/0&$! /! 0&' "&'G,$64/3! :-6! /#6G&/0:3*! 4?1 0&/! 0:3:6,$&/!
R',/-5#7?,6:#-<'#@&--! &'5#$3'&:=)! @4! 3&-6,$6&/H! 8, @4! 3&)2'6! 0:&! (2'0&'4/3! &:/&-!
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VottH<&',6:98/! (W)'4/3--6:$-1-#G:&10:&! Q?<$&?8&/6:&'4/31 &:1&-1 X):&5! Q/5#'?,6:#/| AS5:=&*!
08&10:'&%6!,/10:&1K/6-=)&:04/3-&L&/&! /3&LAI0&/:-6HIR' /-<, &IB&IF#224/:%,6:#/17:6!

08&/! b:6,L&68&/0&/! -=),556! 1%@&<6,/@! 5W'! "&O/0&4/3&/H! 8:&! K:/L:/04/3! 0&!
V&=)O56 6 #G:&! 0&1 14-L,A41 &/&1 #55&/&/ (&)$&%4$64T -60'%&/ 0:&!
QII#9,6:#1-50):3%8&:6! 0&'1 A'3,/:- 6:#/H! >?1 0&?! (,=)%'056&7,/3&$! &/63&38&/ @ 4G %&/*!
#$$68/! ,66',%6:98! I'L&:6-<$06@&! 38&-=),55&/! G&'0&/HIOTLDEEA Yot/-&IA&/6&!
U46@&'#:&/6:8'4/3! #G:&) 0:&! K:/KIB! /848" R&=)/H#$#3:&/! L&:! 0:3:6,$&/! 8:8/-6&/!
&'5#0&'$:=)H! .=)$:8j$:=)! PW--&/!  H@ &8 #<6:7:&'6! G&'0&/* 471 0:&! 8:3:6,$6,43$:=)%&:6!
O#/1(,=)9&'5,)'&/!-:=)& @4-68$$&/H

K:/&! &'5#$3'8:=)&! >?-&6@4/31 0&-! ACD! &'5#'08.6! -#7?:6! &:/&! &/3&! C4-,278&/,'L&:6! O#/!
F#724/&/*1+0/0&/14/010&?IV4/0* @40&?IL', 4=)6!&-10, 5W'1%$, '&!'&=)6$:=)&!D'4/0$,38&/!
4/018/6-<'8&=)&/0&!5,=)$:2)&IF#?<&68&/ @&/'4/0'P&--#4'=&/HIU:=)6! @4$&6@6!G:'0!, L& 4=)!
&:1>70 &/%&/1:/1081"&'G,$64/3-%A4$64'l/#6G&/0:3!-&:/H!

T&IN &/6-<'&=)&/0&! ACDS-2-4/3&/! :?7<$&?&/6:&'6! -:/0*1 %#?76! &:/& G&:6&'&!
N&',4-5#'0&'4/3! ,45! 0:&! F#??4/&/! @4H! 8:&! +2-4/3&/!-#$$6&/! ,4=)! 9#/! 0&/! VW'3&'/!
3&/46@6!G&'0&/*!-#10,--1):&'1&:/&! % @&<6,/@!3&-=),55&/!G&'0&/! ?4--H!8&'| &D#9&'/?&/6!
bAUQRAP!YZYal @&:36%!1 04" [M10&'1V&5',36&/!"&'6',4&/!:/10:3:6,$&! R&=)/#$#3:&!
),L&/!N \Q/YE  H7MH! N&'\4-5#0&'4/3&" 5S5W'  0:&DD5#/4%+5!  *2,24%-#$!
[#$7%-4&+,"-#2'4&+ #¥M?5,--&/1?,/13&$/0&!IV &%, //6)&:6!4/01U46 @4/3-%#?<&6&/ @*1&:/&!
0:3:6,$&! F$456! @G:-=)&/! 9&'-=):&0&/&/! V&I2$BEHES! -#G:&! 4/@4'&:=)&/0&!
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'LIJILWDOH :DKOHQ P I3W VGHHQ] /&XOEHB |XILV D
WRULVFKHQ (QWODVWNXXZDNRXERXYSORHVVH

/LQD 1HHOH 6RSKLH $ DO KR Q WING H-H 6B P B KHAS ® Q. N D
ODULH 6LHIQEID@LH &K D UO RWW G SIH KNNBNQ.® UW H

$EVWUDWWUJDQLVDWLRQ SROLWLVFKHU :DKOHQ VWHOOW GLH 9HUZDOW
JHQHQ :DKOWHUPLQHQ YRU HQRUPH RUJDQLVDWRULVFKH XQG ORJLVWL
OLHJHQGHQ 6WXGLH RWHRHQPEORBESRAAHQWLDOH GXUFK HLQH 8PVWHOO
YROOVWIQGLJ GLILWDOH :DKO GXUFK GLH $XWKHQWL¢JLHUXQJ PLWWHO)
GHU]JHLWLJHQ $EODXINQ®WR JHUZXWIGHHY BRPW HQ L @ WW UH.E ZV
6DFKEHDUEHLWHQGHQ NRPPWQODMWUNDRKKLIRB/GILFK KRKHU $Q]DKO DQ :DK
XQWGHUVFK5HEW WHWOBR@UW XQG LP 5DKPHQ HLQHU TXDOLWDWLYHQ ,QKD¢
OLFK P|JOLFKHU (QWODVWXQJHQ DXVJHZHUWHW 'LH (UJHEQLVVH GHU
SUIJWH 3HUVRQDOELQGXQJ XQWHUVFKLHGOLFKHU $EWHLOXQJHQ VRZLH
WHOOLJHU +|KH GLH LP .RQWH[W HLQHU 6\VWHPXPVWHOOXQJ VLIJQL¢NE
ODVVHQ VLFK DXV GHP GDUJHVWHOOWHQ 5HVVRXUFHQDXIZDQG HLQHU S
PLW HLQHU KRKHQ %ULHIZDKOEHWH L ®&DIXQD QG GHEGH® GHHWHO WX QD P
$UEHLWVVFKULWWHQ HLQKHUJHKW 2SWLPLHUXQJVP|JOLFKNHLWHQ GXU
JHJHLJWHQ KRKHQ RUJDQLVDWRULVFKHQ (QWODVWXQJVSRWHQWLDOH N
HLQHU P|JOLFKHQ P DEGHOLWHFIXIMQU H IR U

.H\ZRUGQVLWDOLVLHUBROHRUEZWO WK Q J V-XK@QVEOIXBOMVDES@IH & DVH 6 WX G\

| (LQOHLWXQJ

$P '"HJHPEHU VSUDFK GHU '"HXWVFKH %XQGHVWDJ GHP DPWL
20D| 6FKRO] DXI GHVVHQ $QWUDJ KLQ GDV 9HUWUDXHQ DE ,Q Gt
GHQW GHQ %XQGHVWDJ DXI XQG VHW]WH YRUJH]JRJHQH 1HXZDKO
SROEWH (QWZLFNOXQJ HUUHJWH JUR%H |[UHQWOLFKH $XIPHUNVD
SUIVHQW )sU GLH NRPPXQDOHQ :DKOIPWHU LQVEHVRQGHUH I+U
WHULQQHQ XQG 6DFKEHDUEHLWHU KDWWH VLH MHGRFK GDU<EH L
QLVDWARKWH .RQVHOXMPQUHQLVWLJI DQIJHVHWIWHQ OHHWLQJV PXVVW
GHQ ZLH GHU $UEHLWVXPIDQJ GHQ GLH 9RUEHUHLWXQJ XQG 'XU
':DKO RKQHKLQ PLW VLFK EULQJW LQ #HU .UJH GHU =HLW ]X VWF

9RQ $QIDQJ DQ ZDUHQ GDPLW EHVRQGHUH $QVWUHQJXQJHQ ]XU
UHFKWV [+U $XVODQGVGHXWVFKH VRZLH GLH QRWZHQGLJH 3ULR
H

H15%8%0'(&Yo#)*+&,-&.*%/+01,2&3#4.01+01-(%#5+/,6*7089#:(6*%01&+&*,; %#<=9#>?=@A#5+/,6*7089#B('/,C6*-%08D% 1 #E#
F,*%®1,/&,(C1,8%F%HY%*#E#+,* 1C+01.%/#E#,//'8, C+HB288Q#E408F /[ IK14+/,6*-%08CL#o
"MMI'NY*+' &O&H#P7/+8&%*9#Q%./ *L #R,FI-+#<9#>SI>?#P 7/+&%*9#/ 8 (F-OB+&I6HBL. %
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%ULHIZDKODQWUIJHQ ]XU (LQKDOWXQJ GHU 9HUVDQG]JHLWHQ YRL
[UHQWOLFKNHLWVZLUNVDPHQ 'HEDWWHQ XP HLQH SRWHQ]JLHOOH
GHQr3 ®@H @%H 8@ GLH :DKUVFKHLQOLFKNHLW GHV $XIWUHWHQV
PLW GHU (LQKDOWXQJ GHU 3RVWODXIJHLWHQ HLQKHUJHKHQ ]X Ul
VRJIDU H[SOL]JLW GDV :IKOHQ LP :DKOE*UR RGHU SHUV|QOLFKH $E
JHQ HPSIRKOHQ XQGHWLBUQKXBPUUDRJI®) EHZRUEHQ >

'LH YRUOLHJHQGH $UEHLW XQWHUVXFKMW GDKHU GLH IROJHQGH )l

.DQQ GLH ,PSOHPHQWLHUXQJ GLJLWDOHU :DKOHQ ]X HLQHU GHXV
QHQ LQ 'HXWVFKODQG I+K U H R UX RHEG XHIOHFKXQ I RGVHMQ RVUL DBDGHL VD W R U L
$XIZDQGV N|QQHQ DXV HLQHU 6\WVWHPXPVWHOOXQJ DEJHOHLWHW

,QVEHVRQGHUH YRU GHP +LQWHUJUXQG GHV GHPRJUD{VFKHQ :D
.RPPXQDOYHUZDOWXQJHQ XQG GHV VWHWLJHQ $XIJDEHQ]XZDFKV]
QDOPDQJHO LQ YLHOHQ %HK|UGHQ ZDOG G L®JSWJ tEWDUI HO MLKIOEH F
WUD#EKWHW

=XU 8QWHUVXFKXQJ SRWHQ]JLHOOHU RUJDQLVDWRULVFKHU (QWOI
6WDQG GHU SDSLHUEDVLHUWHQ 6WLPPDEJDEH EHL GHU %XQGHV\
ZLUG DQVFKOLH%HQG :DKOHQ LQ DQGHUHQ /IQBKOQ JHIJHQ-EHUJI
YHUIDKUHQ EHUHLWY DQJHZHR GQW PKOX \HY Z OX G HHILVD F XU SRIG K H W
DQJHQRPPHQH GLJLWDOH :DKOIRUP VNL]JLHUW GLH DXI| HLQHU Y|
':DKOSUR]JHVVHV EDVLHUW XQG HLQH $XWKHQWH:IILWGXQJ EHU G
NRQJHSWLRQHOO HLQJH RUGILHWUX % 8 D RHRWHWKIQIF IKHU )RUVFK X
IUDJH ZXUGHQ OHLWIDGHQJHVWsW]WH ([SHUWHQLQWHUYLHZV PL\
‘DKOIPWHU XQWHUVFKLHGOLFK JUR%HU .RPPXQHQ JHIsKUW GLH
SRWHQ]JLHOOH (QWODVWXQJVSRVEN G KDLGH% B RGIARAH GWE W [ZHH GO
JHZRQQHQHQ (UNHQQWQLVVH ]XVDPPHQJHIDVVW XQG GLH 1RWZ
VSHNWLYHQ LQ GHQ SROLWLVFKHQ 'LVNXUV HLQ]XEULQJHQ VRZL
HLQHV 3LORWSURMHNWYV ]X HUSUREHQ

I JRUVFKXQJVKLQWHUJUXQG

I 6WDQG GHU 3DSLHUZDKO

BHLW GHU %XQG HWVWR:HDBIRKU :DKOUHFKW DXFK SHU %ULHIZDKO
EH® % @HIGWMP -DKULVW HV ]XGHP QLFKW PHKU HUIRUGHUOLFK H
*UXQGGIBY %HDQWUDJHQ GHUW @ XNIH#FB@O XQWHUODJIHQ

IKUH@EL GHU %XQGHVIMDIVIHDK DOV x GHU :IKOHQGHQ SHU %U
DEVWLPPWHQ ODJ GHU $QWHLO SDQGHBQMBKX®LQJIJW EHL x
x EOLHE DEHU PLW UMQDG QG KMO@LOXLUIRDKWH 6WLPPH VFKRQ HLQ|



Digitale Wahlen mit der BundID 119,

E]Z :RFKHQ YRU GHP :DKOWH UPAHQ (MKER K HIHERHIX KSDVEH Q@
(V JHLIJW VLFK DOVR HLQ :XQVFK #DFK AH[LEOHUHQ :DKOIRUPHQ

7URW] KRKHU %ULHIZDKOEHWHLOLJXQJ OLHJHQ GLH YRUOIX¢JHC
BFKOLH% XQJ GHU :D KMIDIRIND G HHY RIBPK O HXQXIPUEY W R J D U
HUVW XP GH¥8KRIOJHWBHIHE Y:RE: @

1HEHQ ODQJHU $XV]IKOJHLW XQG KRKHU %ULHIZDKOEHWHLOLJXQJ

'LH :DKONRVWHQHU YV W RQYGH\QZD &0 BKOMWW L HJ YRO®LROL

Q HQUR D X0 O LROQUHRY GLH *HVDPWNRVWHQ ODJHQ EF
x0QOLRQHD *UsQGH VLQG X xD K|KHUH 3RUWRNRVWHQ XQG JHV!

GHU l+U :DKOKH® HQGH >%7 @

| %OLFINFK (VWQ® @XH 6R]JLDOZDKOHQ

BHLW NIRMPHQHULQQH QXY CEHHER MU QJ RQOLIEHEZIKOHQ
ZHUGHOHNWURQLVFKH 6MOINPLRMEES MQGGRBHU GLH 6WLPPHQDX)\
YHUZHQIGHV® >(%/ @ DEVRODQEE\Y HEHPGRHNW DRAELHA. E H

DFKWHQ LVW GDVV (VWODQG PLW FD OLOOLRQHQ (LQZRKQHQC
LVW XQHOEHHLWH $NIHSRWDIQJ S WEE® > (%/ @

=XU 6WLPPDEJDEH ZLUG HLQ LQWHUQHWIIKLJHU &RPSXWHU VRZLL!
ZHLV PLW .DUWHQOHVHJIEUHWEWHRPWLIMWUG QDFK 5HIJLVWULHUXQJ
%HVWIWLIXQJ XQG 9HUVFKO«VVHIORE D BRRA\PEHHHUNIEDIHQ XQG
>ID#@

BHLW KODEBHIHQ LQ (VWODQG UHFKQHULVFK UXQG SUEHLW)
WLYHQ %HUHLFK HLQJHVSDUW 'LHVH =DKO VWHOOW MHGRFK OH
WHQ]LDO GDU GD GLH =DKO GHU :DKOORNDOH XI@G GHU HLQJHVH
GHUW EOLHE 'DV 3RWHQ]LDO HUJLEW VLFK XQWHU DQGHUHP DXV
%HDUEHLWXQJ YRQ :DKO]JHWWHOQ VRZLH DXWRPDWLVLHUWHU

>. 7+ #HO

$XFK EHL GHU 6R]LDOZDKO LQ '"HXW@HKODKRHSPEKP HUVWPDOV
PHQ HLQHV ORGKMP QSQRMENVEWGEHU H L Q3RQOIDGEH U
$SXWKHQWL ¢ ] IGHHHK\QXIQEKHHLWVYNDUWH RGHU $XV2HHV$SS >6R @ (
ULFKW QHQQW ODQJIULVWLJH (LQVSDUSRWHQ]JLDOH HWZD EHL 3F
DXI ]XVIW]OLFKHQ ,QLWEDODXIZDQG KLQ >.3 @

I 'LHP|JOLFKH $XVJHVWDOWXBQ & QINMD QOHYEL@MESXQJ GHU

,P 5SDKPHQ GLHVHV %HLWUDJV ZLUG DQJHQRPPHQ GDVV GLJLWDC
OLFK JUXQGVIW]JOLFK P|JOLFK VLQG 8QWHUVXFKW ZHUGHQ GDKHF
VFKH $XVZLUNXQJHQ DXI NRPPXQDOHU (EHQH *HPHLQW LVW HLC
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GKRKQH ®RGEHU +\BKOBHL GHU 6\VWHPH WUDQVSDUHQWH 3U-IYHU
GDV :DKOJHKHLPQLY ZDKUHQ XQG JHIJHQ ODQLSXODWLRQ JHVLFKF
*EHU 6PDUWSKRQH RGHU &RPSXWHU HUIROJHQ DOWHUQDWLY VR
DXWRPDWHQ#HUHLWVWHKHQ

=XU $XWKHQWL¢JLHUXQJ ZLUG GLH %XQG," YRUJHVFKODJHQ HLQ
JDQJ ]X 9HUZDOW XQHBV Q HAWWHIN B QFKHU %HVWRQGWHLO GHU 8P\
OLQH]XJDQJ\GIBW HW]HVOOHQ I|GHUDOHQ (EMEHQMDLYBLQGEDU LVV
ULHUXQJ NDQQ ] X%V Z$HV BQORQHHIQ GHU ODXW %XQGHVLQQHQF
KIFKVWH 9HUWUDXHQVQLYHDX DXIZHLVW XQG DOOHQ %+UJHULQQ
HLQHP QDFK GHP 1RYHPEHU DXVIHVWHOOW®Q $XVZHLV |XU
'LH 1XQW]XHUIROJW «EHU GLH $XVZHLV$ SIS MIMHPWE PHDVWHN SIKRQ HRGH U 1
VRZLH GHU PLWJHOBHIH$WH@ 7UDQVSRUW

1DFK HUIRO XWKHGEW U $LHEXQD @L PXCGP GIHHW FK+W]WHQ :DKOSRUWDC
ZIKUWMKUHUH 6\VWHPH ]XU GLILWDOHQ 6WLPPDEJDEH ZHUGHQ ZH
GLVNXWLHUW >(%/ @ 'LH 6WLPPH ZLUG DQRQ\P EHVWIWLJW GHU
XQG JHQWUDO DXWRPP\$QV EHOWREHAI H FHKEDMQWRO L F K

SHFKWOLFK EHVWHKHD GEREEJI YSUBENQ VEIH DXV $UW $EV 6 *U
JHVHW]HLQJHKDOWHQ ZBUPG HIKPHQVEIQH $O0OJHPHLQKHLW GLH 8¢
EDUNHLW GLH )UHL&HUW D & OGNDRQHHE® Khih MVRQIGHUH $X |
PHUNVDPNHLW JLOW GDEHL ]XP HLQHQ GHU :DKUXQJ GHV :DKOJH
PXVV GDVV HLQH 6WLPPDEJDEH QLERWF®DFHKL ROENNYRQANWFEHQ
hEHUWUDJXQJ XQG 9HUDUEHLWXQJ =XP B 6@ HUXHDG HWYW HB IWH VW F
IDVVXQJVIJHULFKWHVSNRRY & %YBODU GDVV DXFK GHP
*UXQGVDW] GHU guHQWOLFKNHLW GHU :DKO DXV $UW L 9 P $
5HFKQXQJ JHWUDJHOLEHQOGRR PXVWI]EBU @BHNWIRQLY F K
UIWHFKHUJHVWHOOW ZHUGHQ GDVV DOOH ZHVHQWOLFKHQ 9HUI
RKQH EHVRQGHUH 6DFKNHQQWQLW QDFKYROO]JRJHQ ZHUGHQ N|QC

' JRUVFKXQJVGHVLJQ

I )DOODXVZIEKOY KIQQUHLEXQJ

=XU $QDO\VH GHV :DKODEODXIV LQ "HOWPFKOWQGQAHXU EBG YLHU
HSHUWHQ DXV XQWHUVFKLHGOLFKHQ .RPPXQHQ LQWHUYLHZW 't
%XQGHVWDJVZDKO LP )HEUXDU XP GLH#(UJHEQLVVH YHUJOHL

'LH 8QWHUVXFKXQJ Z2DSHW ROV XOWLEBOHRPPXQHQ GXUFKJHI«KU
HLQH EUHLWH HPSLULVF KH Y BIWLI [ MG (HENMBIXRIS/ W H O O D
WLRIXHDHUPHLGHQ >$H @ =LHO ZDU HV GLH WDWVIFKOLFKH %H:



Digitale Wahlen mit der BundID 121,

VLFKWEDU ]X PDFKHQ XQG GDUDXV 3RWHQ]JLDOH XQG $QIRUGHUX:
PXQDOHU 6LFKRW DE]JXOHLWHQ

'LHYLHRPPXQWWHRHBKW UHSUIVHQWDWLY.RIPBXDB®QH UXQG
'"HXWVFKODQG OLHIHUQ DEHU GHQQRFK ZHUWYROOH +LQZHLVH
XQG (LQJHOIIOOH N|QQHQ ZLFKWLJH ,PSXOVH I(LQHLQH EXQGHVZ
HUIROJUHLFKH (LQI*KUXQJ HUIRUGHUW GDVV DXFK ORNDOH %HYV
VSHNWLYHQ EHU*FNVLFKWLJW ZHUGHQ =XJOHLFK EOHLEW HLQ IR
.RPPXQHQ XQHUOIVVOLFK XQDEKIQJLJ YRQ GHWHWQ *U|%H /DJH
6BWUXBRWUOLFKVW YLHOIIOWLJH 3HUVSHNWLYHQ ]X HUIDVVHQ Z
XQWHUVFKLHGOLFKHQ NRPPXQDOHQ (EHQHQ JHIsKUW 'UHL .RPPX
.RQWDNWH DXWHZIRYWHPEBABHHWORBRYW LQ HLQHU GHU EHIUDJWHQ
WIWNIKDQGHOW VLFK *ROH OH 6 K HLPASMQHEE K S B REDB Q G H

EHOOHEW HLQHQ hEHUEOLFN *EHU GILH GXUFKJHI KUWHQ ,QWHUY!I

,QWHU" .RPPXQDOH $Q]DKA GHU , Q W HAGYDLH
:DKOEHUHBEKWLJ)

,QWHU# *HPHI#QGH # # P#Q

,LQWHUZ 6WBHGW # # P#Q

,QWHU# /IDQGMNUHLYV # P#Q

,QWHU# .UHLVIUHLH # P#Q

7TDEHOOEHUEOLFN EHU GLH LAWHUYLHZWHQ .RPPXQHQ

$O0OH ,QWHUYLHZV ZXUGHQ LP 5DKPHQ SHUV|Q@H¥RBU *HVSUIFKH
GHUKHLWHQ JHLJWHQ VLFK HPW-DK EBLPM /DEGRUBDRQLGHWLRQ U
HLQHQ 1DFKEDUNUHLY sEHUQDKP VRZLH EHL GHU NUHLVIUHLHQ
1.RP9* VRZRKO ODINGPUAKVIHPHLQGHYV SH]K\OALKRHEXIIJDEHQ
$XIIJDEHQY HEWHW HIAYMIUU DKMUW MH QDFK NRPPXQDOHU (EHQH XQG
YHUHLQEDALHQBMMIUYGHR VLFK DEHU DXFK *EHUVFKQHLGHQ E]Z H
QH@XBKH 2UJDQLVDWLRQ GHYV : DWQ SMKHRQHDVF\KH\RHRBAMHU VFKHL G H
LQ =XVWIQGLIJNHLW 6WUXNWHKU RGHU 3HUVRQDOTXDOL¢NDWLRQ

,QVJHVDPW VSLHJHOQ GLH JHZIKOWHQ .RPPXQHQ VRZRKO VWUXN
DXFK UHOHYDQWH 8QWHUVFKLHGH LQ GHU NRPPXQDOHQ :DKORU.
NDQQ LQVRIHUQ DOV HLQH DQZHQGXQJVRULHQWLHUWH )RUP GHV
ZHWHQ GD JH]JLHOW .RQWUDVWH XQG 9HUJOHLFKVP|JOLFKNHLWHC
GH®6 @

H#
H-FHT % &I-/8&#L %0*#U-/L%+&,V+D,1(#,F#"<C#"C"="W
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' . QWHUYLHZOHLWIDGHQ I*U ([SHUWHQLQWHUYLHZV

)*U GLH KDOEVWUXNWXULHUWHQ ,QWHUYLHZV ZXUGH HLQ ,QWHU\

IDVVWH RUHQH BUDHABQBHWHLEKH 2UJDQLVDWLRQ GHU %XQGH!
3HUVRQDO 5IXPH)XQ0 QRUQWIRIMMHOLVLHUXQJ XQG =XNXQIWVS

V SHNW QYU W H LED WLEHU GHKE HGWRGIHQ GLH ,QWHUYLHZV 1+KUWHQ

GHU /HLWIDGHQ YHUJOHLFKEDUBHM$KQ@RDPOEZEHXWED GH (QIHBQLV V]

ZDV LP .RQWHW\NM UXQWZHW GLJILWO YHQVIVKHEBQ. DBWWHO

XP JHJLHOWH XQG YHUJOHLFKEDUH $QWZRUWHQ ]X HUKDOWHQ

'LH ,QWHUYLHZV JLHOWHQ YR4XDWDAB GPROXD@EGVEEHQ ,VW
‘DKOHQ LQ 'HXWVFKODQG |]X HUPLWWHOQ 'D]X ZXUGH VHKU DXV]I-
ZHOFKHP =HLWSXQNW YRU HLQHU :DKO YHOEBAWMKIWFKEHU $EODXI
EHUHLWXQJ GHU :DKO XQXJZDELYDHOHRGNHYGRHIQWHQ MHZHLOV P
JHOQHQ 7IWLJIJNHLWHQREHVYBKGMH\KW ¥EHWGNVLPPEDU LVW

,QZLHIHUQ GLH ,QWHUYSBUZ®MHWQHQIVSQHORWHQWLDOH GXUFK G
GLJLWDOHU :DKOHQ VHKHQ ZXUGH QXU LQ HLQHU )UDJH EHKDQG'H
HUJHEHQ VLFK DXV GHU $XVZHUWXQJ GHU % HVFKUHLEXQJ GHV D¢

| 'DWHQDQDODXM2HUW X QJ

'LH ,QWHUYLHZV ZXUGHQ QDFKVGIRQ GWMUIWPIHGHW D QK N O WSONLERQ
'UHVLQJ XQG 3HKO WUDQVNULELHUW >'3 @ XQWHUVW.W]W GXUF

)eU GLH $XVZHUWXQJ NDP GLH TXDOLWDWLYH ,DKEHOLWVDQDO\VH (
LP 5DKPHQ HLQHU =X/DPPHD I®NYXQLXNWLYHBZIKWWIRULHQELOG
ZXUGH 'LHV HUP|JOLFKWH GDV LQGLYLGXHOOH (LQJHKHQ DXI| GL}
XQGDUWQHULQQHQ $0V .RGLHUHLQKHLW ZXUGHQ 6LQQDEVFKQL
VLHUXQJ IROJWH HLQH *HQHUDOLVLHUXQJ00Q @&RGKBW-XRUGQXQJ ]
MHGH YHUIDVVHQGH 3HUVRQ ]XQIFKVW l+U LKU HLJHQHV ,QWHUY
DQJHZDQGW %LOGXQJ YRQ 6XENDWHJIJRULHQ ,P $QVFKOXVV KDV
3HUVRQ GLH NHLQ HLJHQHV ,QWHUYLHZ GXUFKJHIsKUW KDW GL
NRQWUROOLHUW XQG ]XVDPPHQJHVHILDWEH {,'QH @ M U B WO JRUEINDQEH O
JRULHQ PHKUHUHQ (QDOHQLBWHIRBUHAKNQHZQWWIBQLFKW LQ $Q
GHP YRQ OD\ULQJ EHVFKULHEHQHQ 9HUIDKUHQ ]XU ,QWHUFRGHUL
YHUOIVVLINHLW XQG 5HSURGX]JLHUE®UNHLW GHU (UNHQQWQLVVH

'LH $XVZHUWXQJ HUJDE LQVJHVDPW GLH IROJHQGHQ QHXQ .DWH.

2UJDQLVDWPRQNVWUDWLYHU $X1ZDQG YJHKOHU OHKUDXIZDC
OHQ %HVRQGHUKHLWHQ GXUFK YRUJH]RJHQH %XQGHVWDJVZC
$QIRGHUXQJIHQ UHFKWOLFKH XQG VLFKHUKHLWVUHOHYDQWH §
FHQPDQDJHPHQW VRZLH 9RUWHLOH XQG 3RMPBEGKLDOH GHU 'LJL
IROJH@EH XYGIWDQVFKDXOLFKW GHQ :HJ YRQ GHQ ]XQIFKVW JHELO
]X GHQ ¢QDOH®QBWE& GRIWILGIPY DXVIHZIKOWHQ %HLVSLHOV



Digitale Wahlen mit der BundID 123,

6XENDWHIRULHQ ,QWHU

SHUVRQDODXIZDQG LQWHUQH 5HVVRX /IDQGMN
QLFKW GD

3HUVRQDODXIZDQG 6WUXNWXUHOOH ¢ 6WHGV
WXU 3HUVRQDOJHZLQQXQJ 3HUVRQD:

$UEHLWVEHODVWXQJ8QXHEKQIDSWGIIUZK *H P H L#
EHQ 3UR]HVVH

+DXSWDPWOLFKHY 3HUVRQDGXQWIQBI .UHLVI
XQG 8QWHUVWW]XQJ GXKBKQDPWIHW 6WHGV
|H Q4G H

.DWHJRULH 3HUVR

7DEHOOMWHJIJRULHQELOGXQJ QDFK 0D\ULQJ

7HLOZHLVH NRQQWHQ GLH ,G\WHWOIHEZ SIRONQ HWIH OBIQOXQG | % ]
BWXQGHQDQWHLOHQ GHU EHVFKIIWLIJWHQ OLWDUEHLWHQGHQ RG
3UR]JHVVH QHQQHQ 'LHVH $QJDEHQ NRQQWHQ QLFKW <EHU GDV 9
ZHHW ZHUGHQ XQG ALH%HQ XQDEKIQJLJ#GDYRQ LQ GDV IROJHQG!

I (UNHQQWQLVVH

'LH , QWHUYLHZV JHLJHQ GDVV GLH NXUJIULVWLJI %XQGHVWDJVZD
3UREOHPH GHU SDSLHUEDVLHUWHQ :DKORUJDQLVDWLRQ YHUVFK
LQ GHQ 9HUZDOWXQJHQ YHUXUVDFKWH *OHLFK]JHLWLJ ZHUGHQ
: DKOHQ LQVEHVRQGHUH LQ RUJDQLVDWRULGHHAMO ISHUVRQHOOH

%HVRQGHUV KHUDXVIRUGHUQG ZDU GHU KRKH 3HUVRQDODXIZDQ
WXQJ YRU DOOHP |IeU GLH *HZLQQXQJ XQG 6FKXOXQJ HKUHQDP W
(QWVFKIGLIXQJHQ HUVFKZHUHQ GLH 5HNUXWLHUXQJ ]XVIW]OLFK
KRKEBSLHUYHUEUDXFK XQG GLHXZD®P BWFKHY E M Q %®I IMS UIRIBHAWH P D W L

,P)ROJH@BHW@HQ GLH JU|%WHQ $XI1ZIQGH GDUJHVWHOOW DXV GHC
DXl GLILWDOH :DKOHQ (QWODVWXDRHHQXQBEJHDHLGY B W VZ HIBMDD 10|,
O/JOLFKNHLW XQG OLWWHO HLQHU ,GHQWL¢]JLHUXQJ EHL HLQHU V

2UJDQLVDVGIPRQV VWX Q @& 3RQNR DDORBZOHKUD X1ZDQG GXUFK
%ULHIZDKI®WHQWHUYLHZV JHLJHQ GDVV DQDORJH %XQGHVWDJVZD
VDWRULVFKHP XQG SHUVRQHOOHP $X1ZDQG YHUEXQGHQ VLQG ZR
MH QDFK *U|%H XQG 6WUXNWXU GHU .RPPXQH XQWHUVFKHLGHQ
PLW 6RQGHUHP OHQVALGIGGDXVOIQGLVFKHU %ULHIZDKOXQWHUODJF
)DOO]DKOHQ $XFK GLH (LQJOLHGHUXQJ GHV :DKODPWV LQ GLH 9
GHUH %HUHVRKeMW PHIMEHHLQJIJHEX®GHQ ZHUGHQ N|QQHQ



424 Lina Neele Sophie Agnes Briickweh et al.

8QDEKIQJLJ YRP YRUJH V HKRQ@HDH QW HIOD HROMKHQNWMOXQGHQ ELV ]X |
UHUHQ 9RO O]H \E HIXLFKDOH@WBOH .RPPXQHQ YRQ HLQHU VWUXN)
FNXQJ GLH ]X 3ULRULVLHUXQJV]ZDQJ hEHUVWXQGHQ XQG $UEHL
DP :DKWDJ I+KUW OHKUHUH %HIUDJWH VHKHQ KLHULQ HLQ *HVXQG
WDOH :DKOV\WVWHPH UHBX]LHUW ZHUGHQ N|QQWH

'LH (UVW BOWDWKRKIUNDBXQHUWHLOXQJ YRQHEXVQW PHWRKIORQ HUIROJ
=HLWGUXFN X-Q@BHXQMWFHYHIHDKUHQ )HKOHUKDIWH 3DUWHLHQDQR
VWLPPXQJVSUREOHPH PLW 'LHQVWOHLVWHUQ I*+KUHQ UHJHOPI% L.
HOOH %HDUEHLWHQ GHU :DKOXQWHUODJHQ ELQGHW WHLOV HLQF
ULDOPDQJHO DXIR/P¥XQHBQBLH .XULHUGLHQVWH RUJDQLVLHUW Z
6\WWHPH N|QQWHQ VFKQHOOH $QSDVVXQJHQ QG DXWRPDWLVLHL

(LQ EHVRQGHUV JUR%HU $X1ZDQG HQWVWHKW EHL GHU %ULHIZDK
GHEGWRUWLHUXQJ hEHUSU - )GOWXLHS XM O X9Q KRKH SHUVR
QHOOH .DSD]JLWIWHQ RIW LP 6FKLFKWEHWULHE PLW YHUOIQJHUW
ZDKOE+*URV XQG GLH 1DFKYHUMVGHHONXP J DKRIQV DK B BV UWHXPQ 8KU
HQWQRPPHQ ZH#tl&HIHG - UHHEOPI%LJ ]X 9HHYVBUW 8 WHHQR & KK
YHUORUHQH :DKOEULHIH 'HHKKRQ JOHQ WXWFULLEFKHQ +HUDXVIRU
ZHUGH® GMQFKIQGLVFKHQ 8PJDQJ PLW GHQ 8QWHUODJHQ YHUVWI
+HWZD GXUFK IHKOHUKDIWH 9HUS DFNIXH) Z B5KKQ BK Q VK GHEGKW DOV ]
UDOHV $UJXPHQW I+U @LIJLWDOH $OWHUQDWLYHQ

'LH %HUHLWVWHOOXQJ EDUULHUHIUHLHU :DKOORNDOH LVW YRU [
2IW P*MVBQEHVRQGHUH l+U GEH[WHQRGZDXOB PNDBIRLHWHW XQG L
JHVWDWWHW BHDWPEMQYHUEXQGHQH ORJLVWLVFKH XQG YHUWUDJO
/IDJHUXQJ YRQ ODWHULDOLHQ VWH®OHQ ]XVIW]JOLFKH %HODVWXQ.

'LH .RRUGLQDWLRQ HKUHQDPWOLFKHU :DKOKHOIHQGHU LVW VHKI
GHQ DFKW ELV JHKQ 3HUVRQHQ EHQ|WLJW GLH JHZRQQHQ JHVFI
VHQ .XUJIULVWLJH $XVIIOOH EHVRQGHUV DP :DKOWDJ HUIRUGH!
KIQLJNHLW YRP (KUHQDPW LVW JUR% JOHLFK]JHLWLJ ZLUG HV
JUHLZLOOLJH ]X ¢QGHQ :LHGHUNHKUHQGH 7HDPV YHUEHVVHUQ G
DX¥HLQH NUHLVIUHLH 6WDGW HWZD'IBHHQ@XWLIXWO XKXKBR SDQQ 3HUVRC
QDFEKKOEHWHLDQ JXIQH DERBXMYQWHU D HKHWUWHHUK GIDWH (UJHEQLVVH
1DFK]JIKOXQJHQ HUIRUGHUQ 'LH WHOHIRQLVFKH hEHUPLWWOXQJ
JHEQLVVH ELQGHW#ZHLWHUHY 3HUVRQDO

'LJLWDOH :DKOV\VWHPH N|QQWHQ KLHU GHXWOIFE HQWODVWHDQ
5DXPEHGDUI DXWRPDWLVLHUW®#®HKBWUHKERQJ HXFE GHHWN &JKOHD X7Q J )\
DXI1ZDQG I+U :DKOKHOIHQGH Z«UGH VLQNHQ 'LH (LQI*KUXQJ GLJL
QLWKQXU DOV ORGHUQLVLHUXQJ VRQGHUQ DOV#QWZRUW DXI VW

5HVVRXUFHQ P DXQ@OG) HRPWIBHVQQWHUYLHZV JHLJHQ $QDORJH %XQGHYV
OHQ YHUXUODBEXKHBOLFKHQ 5HVVRXUFHQYHUEUDXFK XQG KRKH .R
PHQJHAQEHU]IKOLJH 6WLPPJHWWHO GLH DXV 9RUP/LFKW JUR%]*JL
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(QJSIVVHPZEBIKULQ %HUOLQ ]X+DPHEEPVHMIEHBQWVRUJW ZHUGHQ ZD\
INRORJLVFKH XQG ZLUWVFKDIW O LARH \KMEXWHAWOI) ZHIUQJIJW 3HUVF
GHQ QXU WHLOZH L VHHU 8 WZRKWGEMY RQGHUYV (QDQ]VFKZDFKH .RPPX
EHODVWHW. $4XD @K : DIK [GMVQGAMKHHRUH D X F K 0 R VWK Q DXAYGH U E U D X FK
VHQMHQ

7HEFKQLVFNHFXGN KIOH $DORWHG HUNQUW@OH :DKOHQ P+VVHQ KRKHQ
UHFKWOLFKHQ VLFKHUKHLWVUHOHYDQWHQ XQG WHFKQLVFKHQ $
GHQ 5LVLNHQ ZLH ODQLSXODWLRQ &\EHUDQJULuUH XQG GHU 9HUO
JOHLFK JHLJHQ $Q ZHIQGHKNQWH® @ILVF & HEBDGVILHD W IHRKOHNMAHG \ V

WHPH) VHQVLEOH 'DWHQ EHUHLWV7HQWYEPNHQW 28HGQHRXNYG B H (
9HUL,JLHUEDUNHLW %D U Q LBEWUWHEKINGAX W X Q\8 DNEQ DBIH, 7TDW H Q V F K X
QLNDWLRQ JHOWHQ DOV JHQW U MOXQIR BPMMMWAIGKQIHQ U 9HUW!

%HVRQGHUKHLWHQ GXUFK YRUJHHRIMQUHY %EKING HAW B QV ZDK O/ RU

JHJRJHQH %XQGHVWDJVZDKO PLW KRKHU PHGLDOHU $XIPHUN\
WLJ PHKU 3HUVRQDO XQG XQJHZRKQWH 6WUXNWXUHQ ZDV $EOIX
EHULFKWHWHQ GDVV GLH PHGLDOH 3WGHHOHIUS3HEZYEDALUFKBQW
1HW]ZHUNH XQG IDFKIUHPGHYV 3HUVRQDO KDO¥HQ EHL GHU VFKQH

'LH %ULHIZDKO VWHOOWH HLQH JHQN*UDWH HHUDAXVOR W G ARKKIHIU @/
$XVODQGVGHXWYVFK HQH GEEHWHE LW 8 Q K\PWHNIRQ J BIHARK 6\@ D G W

XQG BWLPPHQ DXIJUXQG YHUVSIWHWHU =XVWHOOXQJ QLFKW
(QJHU =HLWGUXFN ZLUNWH VLF KXIG R HDUXM DOGIG G B € @ WDAH LUAWFINU T

9RUWHLOH XQG 3RWHQ]LD®XVGEHHWQ' L DIMVHIONLNHAMI KQIHEHQ VLFK \
3RWHQ]JLDOH DOV DXFK NRQNUHWH 8PVHW]XQUNEQ®VFKH l«U GLJL'
'LILWDOLVLHUX @ Il USREH UK OW/Q V WAL MW, QG HQ G KK®@GV IRUPDWLR Q
GHP XQWHU .DSLWHO WKHPDWLVLHUW HQH EXQWHEX QDFK AH[LEOH
WUDJIH@ HUDGH $IDNGRIUDHIZIKOMNJGNMQE LUW®HG @

Z*UGHQ GLJLWDOH :DKOHQ GXHMWVKQ@HJIQD®WNQ HQWHQW HQAALY GDUJH
3UR]JHVV ZHJIDOOHQ ODVVHQ (V P*VVWHQ LQ GLHVHP =XJH DXFK
6 W DG WD BMWHHRIWYWHRGLHQVWOHLVWHU XU HFR¥QYWHOOXQJ I
YR@KOEULHIHQ EHOXIWUDJW ZHUGHQ

OLQGH\WGWEBEAY EHILRPPXBEQ VHKHQ GHQ 8PVWXAE EHFKW DOV XQO
*+UZRUWHQ GH®BHIPHMWLHKHXWH NRPPHQ GRMWMAIOQGDSMWIWHPH ZLH
]XP (LQVDW] XQG HUOHLFKWHUQ 3URJHVVH (LQH AIFKHQGHFNHQ
SXOVH I+U RUJDQLVDWRULVFKH XQG NXOWXUH®OH ORGHUQLVLHU

"LFKWLJ VLQG DXV 6LFKW GHU .R PPWQQUMN QH DR BIOORNDDHX $1Q W H
ODXIVWHO®HWIHULQQHIXXBQWHUYMWUYW]XQJ 'LILWDOH :DKOHQ EL
&KDQFHQ ]XU (QWODVWXQJ YRQ 9HUZDOWXQJ XQG (KUHQDPW XQ
XQG )OH[LELOLWIW LP :DKOSUR]JHVV
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| )DJLW XQG $XVEOLFN

'LH (UJHERUVWRIU O BQIHQWGHEFKIHTR GDVV KLQWHU MHGHU :DKO ZH
DOV HLQ .UHX] DXI HEGH® G W RH G BAWH & MW SXIBIG KGLQIGH 6 WLPP]H
GD]XJHK|ULJHQ 5DKPHQEHGV@JXQ QR Q RPGRAYIHEIY Z¥DH H ¥

GHRU KUHUI+U X \NWRIRPFXLIBQHQ | DKAMDMERB UWLVRZKH :DKO
]JXOHW]W GLH YRUJH]RJHQ H ¥ &R GHERWDY G BB WRE LOFE K HQ
JLVWLVFKHQ +HUDXVIR USXN@DEPHQE MWD QBRIME W HO D QJH
"DKYREPHUHLWXQJHQQRWZHIBEWML.PPXQJIJHQ ]JZLVFKHQ YHUVFKLHG!
)DFKIPWHUQ XQG H[WHUGHK ."RR QS WDMW KM Q@RAOWDILFEG H Q
‘DKOKHOBH@RGHR®PXQH XQG HLQH ORJLVWLVFKH .HWWH GLH YRQ
VSIWHQ $XV]IKOXQJ DP :DKODEHQG UHLFKW ELQGHQ HQRUPH SH
VRXUFHQ 'DEHL P*VVHQ .RPPXQHQ KIX¢J LPSURYLVLHUHQ /*FENHG
SULRULVIHHUHQW®LHK DOOH JOHLFK]JHLWLJ ®K|FKVWH $XIPHUNVDP

$XFK LQ PDWHULHOOHU +LQVLFKW ZLUG URIWHSXNO DBQ @HY % HOD\
3DSLQU) RUBWRPP]HWWHOQ XQG 9HUSDFNXQJVPDWHULDOLHQ PV
ODJHUW YHUWHLOW XQGRQBBPK KARHHBMQ Y HH GIDPKLWHYW UE XQ G H
QHQ ¢QDQJLHOOHQ $XI1ZIQGH WUHUHQ .RPPXQHQ EHVRQGHUV KDU
QLFKW GXUFK %X Q G HE & IHWWHOX BI MVGKHIFND/D BIHSDVE HULL@ NQH.IH U X Q J
QHUHQ .RPPHQWRKLNMRWPXQDOH +DQGOXQJIJWIKLINHLW ]XVIW]OLFK

9RU GLHVHP +LQWHUJUXQG WUHWHQ GLH SRWHQ]JLHOOHQ 9RUWH
GHUV GHXWOLFK KHUYRU 'LH ,QWHUYLHZV EHOHJHQ GDVV HLQF
UXQJ *EHU GLH %XQG,' GDV 3RWHQ]LDO KDW GHQ JHVDPWHQ :DK
®OVWHQ 1LFKW QXU N|QQWHQ 3HUVRQDOEHGDUI XQG ODWHULDOH
VRQAHFE JHLWNULWLVFKH 3URJHVVH ZLH $XV]IKOXQJ (UJHEQLVI
WXQJ OLH%HQ VLFKLWvHLHQWHUH X QEJ HUHANQN PHRKVORHQ WRXOGHID Q ]
Z*UGH HLQHRALWNVWQDBK D YILHD H QGLHIVEREREGHH 1XW

]X QU UBWP RN UDW KWORKAHISWH ED W L KW H U Q

$OOHUGLQJV ZXUGHQ DXFK GLH QRWZHIQEH JGILY LORDO N V:- DKW ] X QJ F
PXVV K|FKVWHQ 6LFKHUKHLWVDQIRUGHUXQJHQ JHQ+*JHQ GDV :D¥
UHQW XQG QDFKXRGO¥RHRKIUI MH)LDFKOHXWH DOV DXFK I+U %+UJH
%e+UJHU (EHQVR P*VVHQ $VSHNWH GHU %HQXW]JHUIUHXQGOLFKNH
,QIUDVWQN¥NEWXBQGHUH LP DHY GOKHEKWQVEHDRP

=XVDPPHQIDVVHQG OIV&BWYVILER OHV\WKDE QY HNGLIQBEBOKHLOPLWWH
HLQ UHDOLVWLVFKHV XQG JXNXQIWVJHULFKWHWHY ,QVWUXPHQW
OHPH PLW GHQHQ .RPPXQHQ LP 5DKPHQ DQDORVHU :DKOYHUIDK
ZLUG GDKHU GLH 1RWZHQGLJNHLW XQG GHU :XQVFK DXV GHQ EH
HLQH ZHLWHUH :DKOUHFKWVUHIRUP ]XU ,RSOGIHRE® GROHWIQJ GHU
VFKHQ 3URJHVV +M{®@HPEIMWQ H® PRGHUQHU XQG IXQNWLRQLHUHQ(
WIUHGHUQG ZHLO HU DXFK .ULVHQVLWXDWLRQHQ ZLH YRUJH]RJHC
ZIOWRBWWUDXHQVYHUOXVWH LQIRONH @HEGH UKRIONMEHDU FIOK O SD Q
%HODVWXQJ I+U GLH GHPRNUD W WHEX®H/MILWLPDWLRQVEDVLV GDL
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$XIJUXQG GHU YRQ GHQ EHIUDJWHQ .RPPXQHQ *EHUHLQVWLPPHQ
$XV]IIKOEDUNHLW GHU %XQGHVWDJVZDKO LP 9HUJOHLFK ]XU .RPF
KLHU HLQH ,PSOHPHQWLHUXQJ BIXWHBHORWSQURNMKBYFHIQQ]|XU.-&UH
,PSOHPHQWLHUXQJ N|IQQHQ VLFK GXUFK GLH I[U*KJ]HLWLJH %HWHL(
ZLFNOXQJVSUR]JHVV HUJHEHQ ZR]X HLQH GHU EHIUDJWHQ %HK]|U(

8P HLQ WLHIHUJUHLIHQGHY 9HUVWIQGQLV I+U GLH RUJDQLVDWRUL
DXl GLH SUDNWLVFKHQ (UIDKUXQJHQ H[FBG WWHDDXWXQINE JHIiQU W L
EHVFKUIQNW VLFK GLH YRUOLHJHQGH $UEHLWVEHHZXW@W DX HLQF
(UIROJVIDNWRUHQ HLQHU (LQI*KUXQJ GLILWDOHU :DKOHQ XQG KF
YRP DOOJHPHLQHQ 'LVNXUV §RRVLIPBHIEN RIPFESEHH] GHU JHVHOOVFKI
FKHQ $N]JHSWDQ] P*VVWHQ LQVEHVRQ ®RUB XCULHHWHFEIHYFKHQ 61
NeQIWLJ QRFK ZHLWHU EHWUDFKWHW ZHUGHQ +LHU HUJHEHQ VLI
BQWHUVXFKXQJHQ %HJUHQ]XQJHQ HUJHEHQ VLFK ]XGHP GXUFK G
YLHU ,QWHUYLHZV XQG GLH JHWURUHQHQ )RUWRKEQBHVDQQDKPHQ
.DSDJLWIWHQ GLHVHU 6WXGLH sEHUVFKULWWHQ KIWWH 'LH 6WXG
QRWZHQGLJHQ SROLWLVFKHQ 'LVNXUV LQGHP VLH HLQH LQLWLDC
VSDUXQJVSRWHQ]LDOH GXUFK GLILWDOHFKHK®ONRPSVNGITLHIHUW
SXQNWH I+U ]XN*QIWLJH :DK@G@UHFKWVUHIRUPHQ DXI]JHLJW

ILWHUDWXUYHU]JHLFKQLV

>$H# @$HSSOWI *DVVHU /XFLPRAIHEWMIZHOOKWHOLQH 7HWWHQERUQ $
(PSLULVFKHV ZLVVHQVFKDQWOMWXBHNVQEXEKLWHQGLH %LOGXQJVZL\
VFKDIWBKQDJH 9XOQRY .OINKBHGOEBXQQ

SEX# @SXVZHLVSEKSVWSY ZZZ DXVZHLVDXY EXIQEHCEHE RIQIDQ Q H
6WDQG #

>%Ht @DQGHOVEIOWW®YN ZZZ KDQGHOVEODWW HRPLBYD ZDKOHLQVSUXH
VSUXHRAKBE@QGHVWDJIVZDKO 6WDQGKWRO

>%3# @%XQGHV]HQWUDOH [+« K\8RCM LYFX HENSEDG G XNOEIPHQ
WHQ EXQGHVWDJVZDKOHQ XQBU ZDIK®RMWISL O #J X Q J

>%7@® %XQGHVWDJIVZDKIOVWSY ZZZ EXQGHGE® W DD N MBKYD Q G
#

>%X0® 'HXWVFKHU 6WIGWHWDJ KWWSV 2727ZZ VWDHGWHWDJ GH SUHVVH S

Q HRU RKHN R U GEXHEGIOND H @G H V Y BBGRH uH Q WILIFE SR O LW L N
XPVWHKMDQG  #

SUOXE® %W XQGHVPLQLVWHULXP GHV Z2RD IBUQYWQB®BIOW ¥X@IL RBIHW6 KD UHG
'RFV GRZQORDGYV :HEV '9 '( WZRSDJHUBEXQGLGB¢;QDO SGI"BBEORE
J)LOH Y6eWDQG #

>U%X® %XQGHVPLQLVWHULXP GHM PBWAMBY XRE& EXWBD®RIG GH IDT
#
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>%: @ 'LH % XQGHVZKROWOFHLWEYDGHVZDKOOHLWHULQ GH LQIR SUHVVH P
WDJVZDKOB BYRUDOMWXHEAM 6 VWKIPED #

>%: @ 'LH % XQGHVZKROWOFHLWEYDGHVZDKOOHLWHULQ GH LQIR SUHVVH P
WDJVZDKOB BYRUO DX HEHM 8 VKIWPED #

>'% @ 'HXWVFKHU % X XGWHVIWDJ ZHEDUFKLY EXQGHVWDJ GH DUFKLYH
VFKLFKWH SDUOKLWWEWOWRQISLV W ZJ

>'% #@ 'HXWVFKHU % XQG KWWV ZZZ EXQGHVWDJ GH ZHEDUFKLY V
FKLY BNZ BEULHIZDKGBDODWHL @

>3 @& 'UHVLQJ "RUVWHQ ,QWK@ YLIRHZVWHDRQV NLIQS WLLWR B Q JHDD XOQ\GH
5HIHOVA\VWHPH I+U TXD GX® D WH.IYH QRAID/OFKEDQUEIH

>(%/#@,7 KWWSV SXEOLNDWLRQHQ ELEOLRWKHMN NLW HGX 6 WL

>% & *ODVHU %DUQH\ 6WUDXVV $QVHOP "H GLVFRYHU\ RI JURXQGHG
LWDWLYH UHVHDUFK $GLQH 7TUDQVDFWLRQ

>+D# @WDJHVVRKKDXSY ZZZ WDJHVVFKDX GH LQOBXQWBGHY@HDISROLWLN ZL
VZDEBUOLRWBWDQG #

>+3#@WDJIJHVKRMKW XY ZZZ WDJHVVFKDX GH LQYDHKWWHIDBILY QGU EXQGHYV
ZDKO KWPEKOVD QG #

> @& ,QLWLDWLYH' H9 ZZZ LQLWLDWLYHG GH 6WDQG

>. 7+ # @QQVWLWXWH RI HWOWSNVF BWRQELMVHNH X § ORTHIMNOMXH
WDPWWXHOHPXMBRNMXXEGI 6WD QG

>.3 #@ .30* ZZZ EXQGHVJHVXQGKHLWVPLQLVWHULXP GH ¢OHDGPLQ 'D
QHQ OLQLVWHULXP %HULFKWH $EVFKOXVVEHDKFKWB(YDOXDWLRQI
OHQ $®IDQG #

>0D#@.RPPXQDB&WWSY NRPPXQEXGHHEWIHINANBKOHEN D Q G
#

>0D#@0D\ULQJ 3KLOLSS 4XDOLWDWLYH ,QKDOWVD@DOWH *UXQGODJHC
%HOW J#

>08& #@.RQUPEHQ BXHUWXQJ HKWWSV NDV GH GH ODAFRGHUEHULFKWH G
WHQW DU/ZERMW® VW ED Q@B HKRHEBDYL J B/ UW S K REWD Q G
#

SOH#@: (/7 KWWSV ZZZ ZHOW GH SROLWLN GHXWRFHKQWQG DUWLFOH
%6:YHUSBYXQ®H\DWMBAN MQD Q G VG HRUWWH KW FARDHFGW KW PO
6WDQG #

>1D# @*HRBXIXYQLYHUVLWIW KWWKRR HY W L Q JHRWAI B HQL HV W
ODQG EWBQG #

>6R# @6R]LDOKMWMIMIRJLDOZDK @ IGHR LIDEH D KEONVP Q G #
>7V# @6DIJH-RXKQYDGEWL RUJ \Y 6WDQG #
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Abstract: Public administrationemployes face mounting cognitive demandsthat negatively
impactwell-being and performanceThis study investigateghe effect of a virtual realtiy nature
simulationasa resourcamproving employeewell-being, utilizing JobDemandResoures Model
andAttention RestoratioriTheory To this end,we testa sampleof publicadministratioremployees
in aquasiexperimenral pre-postdesignto examinethe effectsof aVR naturesimulationin contrast
with traditional breaktimeand the effect on attention restorationand perceivedwell-being We
hypothesize strongerpositiveeffecton attentionrestoratiorin the VR group increasingsubjective
well-being. Our study can thus provide an innovative low-thresholdimmersive technologyto
strengthemesiliencein public administrationworkplaces

Keywords: Virtual Reality, Public AdministrationAttention Restoration, WeBeing

1 Introduction

Public sectororganizationsacrossEuropeare facing increasingchallengesarising from
demographiachange the ongoingdigital transformationand the persistentshortageof
skilled workers [Le23. These developmentsreshag the future of work in public
administrationsjncreasingpressureon alreadyoverburdenedadninistrative bodiesby
intensifying demand®ntheworkforce Forinstanceemployeesareoftenconfrontedwith
limited personnelresources,ncreasingtask complexity, and ongoing organizational
restructuring/Lo23]. Thus,individual workloadsincreasewhile the scopeandtechnical
requirement®f administrativerolescontinueto expand Previousresearchn this context
suggestshatthe increasingworkloadof public administrationstaffin Europeis indeeda
significantproblemthat canleadto negativeconsequencesuchasphysicalandmental
healthproblemsfor employeesraisingconcernsaboutlong-termsubjectivewell-beingat
theworkplaceandorganizatonalresiliencegLSC24 Zh25].

Subjective well-being at the workplace refers to employeedoverall cognitive and
emotionalevaluationsof their work lives, encompassingoth affective experiencesand
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job satisfactionIn the organizationatontext,it encompassesequentpositiveemotions
infrequentnegativeemotions,and a generalsenseof job satisfaction[BO11]. These
different perspectivescapture both the evaluative and emotional dimensions of
H P S O Rwbrkiexgeriencandhighlighttheimportanceof both pleasureandactivation
for understandingnow individualsfeel andfunctionwithin organizationakettings

While recruitmentof skilled workersand new staff remainsan importantapproachto
addresghe problemof overburdeningf public administratioremployeespreservinghe
mentalhealthandwell-being of the existingworkforceis alsocritical to preventfurther
escalationof the problem [LSC24. However, systematicinterventionsto enhance
psychological well-being have so far not been implemented in most public
administrationsOnereasorfor thismaylie in thelimited accessibilityandpracticalityof
manyexistingapproachedr-or instance previousstudieshavedemonstratethe benefits
of exposureto natural environmentsfor improving various dimensionsof well-being
[Calhs SB19]. However accessto such restorativeenvironmentsis often restricted,
especiallyin public administrativebuildingslocatedin denseurbansettingswherenature
exposurébreaksareneithertime-efficient nor logistically feasible.

One promising alternative approachis the use of virtual reality (VR) to simulate
immersive, naturebasedexperienceyBB24, M023, VBV 21, Xu24]. VR technology
enables low-threshold and costeffective implementation of well-beingpromoting
interventiors for public administrationemployeesPrior work suggestghat VR nature
experiencesave positive effects on well-being amongparticularemploye groupsin
specific domains,such as clinicians in healthcargfAK22], young adultsin education
[Xu24], andindividuals with limited mobility [Ch22VBYV 21]. Despitethesepromising
findings little is known aboutthe potentialof VR-basednaturesimulationsto promote
well-being among employeesfaced with increasing job demands,such as public
administrationstaff. Specifically, it remains unclear how sudMR interventions are
perceived and evaluated bynployeesand whether they can meaningfully enhancd-wel
being in this unique contextocusingon the specialcaseof public administration, the
presenstudyaddressethisresearclyapby investigatinghefollowing researctyuestion:

RQ: Doesa VR-basednatureinterventionimprovepublic sectoremployeessubjective
well-being, andhow do public sectoremployeegperceiveand evaluatethe interventior?

This study drawson the Job DemandsResourcedviodel (JD-R mode) [BDO5, BD17],

Attention RestoratiorTheory (ART) [KK89], psychologicafindings on well-being and
thelatestVR researclin thegivencontext.Accordingto theJD-R model,employeewell-

beingandmotivationareshapedby theinteractionbetweerjob demandge.g.,workload,
emotionalstrain)andjob resourcege.g.,support,autonomy)BD17]. While demandsre
primarily associateavith strain,resourcesanbuffer the negativeeffectsof demandsand
fosterwell-being The ART suggestghat exposureto naturalenvironmentscan restore
depletedattentionalcapacitiesard facilitate psychologicalrecovery.Building on this

theoreticalintegration we conceptualize VR-basedhatureenvironmentsan additional
resourcethat providescognitive restorationand may thus alleviateworkplacestrain and



Restoring Capacity at Work 131

promotewell-being Theimpactof thisinterventionaresourceon well-beingandtheway
how potentialusersperceiveandevaluateit will be testedthrougha quasiexperimerdl
studyconductedn the VR laboratory.

By empirically examiningthis intervention,the study contributesto the introduction of
administrationAs aninnovativecomplemento traditionaljob resourcesuchasfeedback

or professionaltraining as proposedby the JD-R model, this interventionprovidesa
resource promoting employee well-being, engagement and resilience Improving
employee wetbeing through the implementation ioihovative immersive technologies
may also enhance the attractiveness of public sector workplaces for prospective
employees. Based on recent research, a VR settingvedaped and tested with public
administration staff, focusing on both shtetm and mediuaterm improvements in
subjective welbeing.

2 Theory and related work

2.1  Work overload in public-administration

Over the past decade, the conceffiwokaucratic overload has gained increasing relevance
in public administration researchhe phenomenon of bureaucratizerload(sometimes
called administrative overload)escribes a state in which public sector employees are
systematically confronted viitmore tasks, procedures, and responsibilities than can be
handled with available resourcdsSC24 Lo23]. This overload stems from both internal
drivers such as policyaccumulation staffing cuts, and administrative fragmentation
[Ad22, Es17, and external shocks, including crises like the COA\ID pandemic or
refugee movementfKPK21, LE23], which add pressur® systemsalready working to
capacity[Ad19,LSC24, Lo23]. Therefore, bureaucratic overload has become a pervasive
issue and itseems to have become more serious recfrfi24. On the individual level,

this situation is reflected in increasing time pressure, role conflicts, and administrative
fragmentationcontribuing to psychological strain angbssibleburnout symptoms such

as emotional exhaustion, reduced personal efficacy, and detachment fronmMa2h,
Zh25].

To conceptualize the psychological consequences of such strttallehges, this study

draws on the JHR model [BDO5, BD17], proposingthat employeewell-being is
determined by the bahce between job demands and job resoufsesFig. 1). Job
demands are aspects of the job that require sustained physical or psychological effort, such
as a high mental and physicalworkload, emotionalwork, or constant procedural
compliancg BD07]. These demands are associated with physiological and psychological
costs. In catrast, job resourcesefer to the physical, psychological, social, or
organizational aspects of the work environment that facilitate achieving work goals,
mitigate job demands, or promapersonal growthlearning, and developmefBDO07].
Examples include autonomy, supervisor support, apgortunities for recovery
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However, some aspecteuwdd be both job demands and resouf@®5]. For example,
digitalisation might introduce additional job demands, sucfaster and more intensive
information processing, permanent availdapjland the extension of the rolhich may
enhance psychological strain. In contrast, digitalization may also be a resource that
supports the emplag, e.g., intask execution, problem solvingnd decisionmaking

which might decrease the job demandd mtrease motivation.

/ Job \\ )
Demands | 1 —1\ Strain )
AN -\

\ / —
_ /!\ }:Organizational‘\
NG
—_/ \ - —
N\ Y

Job \ / 7
\ Resources ,}‘—ﬁ Motivation |

Etc
Fig. 1: The JBR model as proposed by Bakker e BDO07]

Furthermore, e JD-R model distinguishes between two central mechanisms: léhhea
impairment process, in which excessive demands lead to stress and exhaustion, and a
motivational process, in which adequate resources promote engagement and resilience.
The health impairment process suggests that chronic job derfeaggeork overloal or
emotional straip can exhaust mental and physical resourcesulting in fatigue,
compensatory effort, and ultimately, healdsues [BDO07]. The motivational process
assumes that job resourcashance engagement and performance. These resources may
promotemotivation intrinsically by supporting basic psychological needs (e.g., aaigno
competence, relatedness) or extrinsically by enabling goal achieveisemtoposed by

the JBR model,thesetwo mechanismexplain how the balance between demands and
resources shapgsychologicalvell-being and work outcomes.

The effectivefunctioning of public administration is essential for the reliable execution of
governmental duties and the upholding of the constitutional $tateever,inefficiency,
delays, or service breakdowdse to staff overloadan beconsidered to have a negeti
impact on the effectiveness of public administratidthen administrative performance

is impaired the legitimacy and operational capacity of the state itself may be undermined.
With that said employees in public administration are increasingly conéw with high
demands and limited resources, particularly due to strudalraurshortages and rising
procedural complexity. In line with the IR model, this imbalance poses a significant
risk for work overload, with potential consequences for botlividdal well-being and
institutional stability.Hence, in contextssuch as public administratiomhere structural
overload is difficult to avoid under current conditipiargeted resource interventions
could play a keyole in preserving employee hea#thd maintaining service quality.
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2.2 Virtual Reality and Attention Restoration

In work environments characterized by high demands and limited opportunities for
recovery, short recovery measures can serve as a valuable resource for maintaining
employeewell-being. One measure that has been shown to have effective recovery
potential is spending time in natures proposed by thART, natural environments have

the capacity to restore depleted attentional reso(ikd€39, Ka95. Supporting the ART,
psychological research has shown thaposure to naturanvironments can improve
emotional welbeing, mood, andrechargé cognitive resourcefCals SB19]. Research
furtherindicates that even short exposure to naturs¢40nds) can have a stronger impact
on individual recoveryhan traditional brealfd.e15. Specifically, he ART distinguishes
betweendirected” D Q i@Bvdluntary” attention Directed attention refers the ability to
focus ontasks and ignore distractign&hich requiresmental effort and idinked to
attentionfatigue Involuntary attentionin contrastjs effortless andinked to cognitive
restoratiof KB10, Ka95 0Ohl16]. The ARTassumes that humahave a limited capacity

for directed attentionwhich becomegxhaustd with prolonged mental efforThe ART
proposes thatelaxing environments help restorthis cognitive capacity, allowing
individuals to recover from mental fatigueith exposure to nature being particularly
effective due to itaesthetiadvantagefKB10, KK89].

In this paper, we bring together two strands of research that interpret and measure
restoration in different waysn particularwe distinguish betweeperceived restoration
outcomesand actual attention seoration PHUFHLYHG UHVWRUDWLRQ UHIHUV WR DC
subjective sense of having recovered mental resources or reduced stress, typically
measured through seléport instrumentg§Ko08, Ma2(. In contrast, actual attention
restorationrefers to quantifiable improvements in cognitive functionfoiowing an
intervention, often assessed througbgnitive tasks or sustained attention measures
[Lel]. While perceived restoration reflects how restorative an experience feels, actual
attention restoration captures whether cognitive capacity has functionally improved.
Previous work suggests a positive relationship between perceivedtiestautcome and

actual attention restoratiofGil6], assumingthat an improvement in actual attention
restoration increases se#ported restoration

In many public administration settinggeographical, logisticabnd temporal constraints
often prevent employees froreal exposure toatural environmentdlternaives, such
as experiencing nature via video, adbmweda positive impact on cognitive performance
andrestorative effeg butusuallyweaker than direct physical contact with na{a09.

Recentresearchsuggestd/R as a promisingechnologyto providelow-thresholdaccess

to restorative environments in a tirefficient and easily accessible way, especially in

settings where natural spaces are difficult to aco®li€22, VBV 21, Xu24]. As proposed

E\ UHFHQW WKHRUHWLFDO UHVHDUFK arzditifiGidd, Mr@d, 95 LQ WKH FXU
and viewescentered experience in which the user is enclosed in -@&medimpasing 3D

space that is at least visually sealed off from the physical environméfiRa22, p 13]

In the given context, VR-based nature simulations offen alternativesolution by
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replicating the cognitive angbsychologicalbenefits of nature exposure within the
constraints of the workplade public administratiofAK22, BB24, Ch23. For example,

in a workplace context, Adhyaru and Kefigand in their studythat a brief VRbased
nature experience during the workday significantly increased positive emotional states and
reduced anxiety, sadness, and physigllgarousal amonglinicians [AK22]. Their
participantsdescribed the VR intervention as calming, enjoyable, and surprisingly
effective, even those witlimited prior experience with VR technologfn experiment
where participants were guided alorg virtual path though a feest simulation also
showed geater restorateness and highecognitive performanceversus a control
environment [M023]. These findings suggest that Miasedhature exposure may offer a
low-threshold, highly accessible intervention fsupporting (perceived) attention
restorationand thus improving psychological wddking and organizational outcomias

public administration workenvironments.According to theJD-R model, such an
intervention can be seen as an additional resource that decreases the negative impact of
job demands on welbeing and organizational outcomes.

Based on the theoretical considerations above and the findings of prior research
investigaing VR-based nature interventions on attention restoration and psychological
well-being, we derive the following hypotheses to be tested in the current study:

H1: In a public administration work environmend VRbased natureexposure
interventionincrease attentiorrestorationmore than a traditional break

H2: In a public administration work environmend VRbased natureexposure
interventionincreases the perceived restorationutcomemore than a traditional break.

H3: In a public administration work environmenincreased attention restoration
positively influencethe perceived restorationutcome

H4a In a public administration work environmeiperceived wetbeing increases with
increasingattentionrestorationthroughthe VR-based natur@xposure intervention

H4b: In a public administration work environmeiperceived wetbeing increases with
increasing perceived restoration outconaésheVR-based naturexposure intervention

3 Method

3.1 ProposedEmpirical Study and Research Model

To test our hypotheses, we proposeguasiexperimentthat will be conducted in the
Virtual Reality Laboratory of our institution. This quasiperiment involves a pretest
posttest approach where participants will indicate their level of restoration, attention, and
well-being before and after a restorationiervention. We invite public administration
employees to the study, who will then either have a traditional break in a break room or a
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VR-based nature experience. Wieally compare the results of the pretest and posttest
between the two groups, indicajithequality and thdevelof the restoration intervention,
and thechange in attentian

Attention

H1 Restoration

VR-based nature
exposure

Perceived
well-being

H2 Perceived

Restoration

Fig. 2: Research model

3.2 Participants

Participants will be recruited from thadministrative body of a university with
approximately 20,000 stlents and more than 3,500 employ@d® university idocated

in a city with a population exceedir0,000 inhabitants o determine the sample sjze
we conduct a power analysis fan independent grouptést using the following
parametersUL raw @L rdayands F UL r& rdAccountingfor an expected dropout
rate of 10%yve usea final target sample size of 111 participamtse experiment will take
place in theVirtual Reality Laboratory of the department. Participation time will be about
30 minutes.Participants will receiva monetarycompensation of0 ¥4

3.3  Apparatus and materials

The virtual reality intervention is developed and deployed usimgsktop computer
runningWindows 11, equipped with 16 GB RAM and an NVIDIA GeForce RTX 4080
graphics ced. The VR experience is presented via a Meta Rlestdset, which features
a resolution oR064" 2208pixels per eye and28 GB of onboardstorage Pretest and
posttest measures are administered through TIVEE®& The virtual environment is
created ugg Unreal Engine version 5.4Adopting prior work, we utilizea virtual forest
environment aga VR-based nature experiend®t has shown strong restoratigMa2(q.

All participants assigned to the iRoupreceive the same VR environment.

The break roomnrsifurnished to resemble a typical lounge used by university administration
staff. It contains several chairs and a low table, with neati@uredwalls, fluorescent
ceiling lighting, and a window that allows natural daylight into the space. A coffee
machne, kettle, and mineral water are available for. U room alsprovides access to

the university's Wi network.
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3.4 Measures

Previous research on attention restoration and psychologicalbeiatj in various
contexts has employed different dependenmiabdes to measure these concepts. the
current study, we emplowpical measures that have been frequently usestudies
investigating similar issud®\K22, Ma2(.

In particular, we measure attention restoration using tistafhed Attention to Response
Task (SART), wtere participants respond to frequent digits#) but must withhold
responses when a specific targét (J 3") &ppeargRo97], and a simpleligit spantask
test where participants are asked to repeat a sefieamber in the same (or reversed)
order as prestend, testing their attentiion a comprehensive review, sg2h16]).

In addition we includeseveral selfeporting measures to assess perceived restoration
outcomes and perceived wking. Specifically, we employ a short fornmtloé Perceived
Restorativeness Scal@®RS) [Ha97 to measurethe individual perceptions of the
restoratiorguality of the VRenvironment theRestoration Outcome ScqROS) [Ko08],
measuring the perbeed outcome of the restoration interventidfisual Analog Scales
(VAS), andPositive andNegativeAffect Scheduld PANAS)to measure welbeingin the
workplace[AK22, Nal7. These scales are seffporting measures.

The short version of the PRiBcludes 11 itemsacross four dimensions: Fascination

(e.9,330DBHNH WKDW DUH IDVFL&d WBIODIFHYV %QH NGIJIJVEEDW DUH D UHI
IURP QXLMIolaerehced.g, 37 KHUH LV D FOHDU RUGHU LQ WKH SK\VLFDO
SODFHYV OLNH W&LV7KDDMDSGBPRISHY ODUJH HQmRahk WR DOORZ H[S(
GLUHBWLRQV’

The ROSincludessix items:threeof the itemsreflect relaxationand calmnesge.g, 3,
feel calmerafter being K H U heitem reflect attentionrestoration 30 \concentration
andalertnesglearlyincreaseK H U &hdtwo itemsreflectedclearingone'sthoughtg(e.g,
3 canforgeteverydayworrieshere”).

Momentary affective states are assessed using a set of seven VAS, adopted from previous
researctiNal7. Participants are askeditalicate how they feel &ihemomentbefore and

after the experimen relation to each of the following dimensiofsppinesssadness,
anger,surprise,disgust,anxiety, andquietness. Eactlimensionis rated on a continuous

scale, allowing for sensittevmeasurement of subtle affective responses to the experimental
conditions.

The PANAS consists of 20 items in total: 10 items for positive affect and 10 items for
negative affecfWwCT88]. Participants rate the extent to which they experience ten positive
emotions (interested, excited, strong, enthusiastic, proud, alert, inspired, determined,
attentive, active) and ten negative emotions (distressed, upset, guilty, scared, hostile,
irritable, ashamed, nervous, jittery, afraid) dit@ointLikert scale, typically ranging from
3YHU\ VOLJKWO\ RU QRW DW DOO" WR 3SH[WUHPHO\ °
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3.5 Procedure and design

Participantsareinstructedto comedirectly from their workplaceto the department'&¥/R
laboratory, without taking any extendedbreaks beforehand Upon arrival, they are
informedaboutthe studyandaskedto readandsigntheinformedconsenform. Theyare
then quasirandomly assignedo one of two treatmentgroups:1) the VR Intervention
Group,which receivesa virtual natureexperienceria a VR headsetor 2) the Traditional
BreakGroup,which spendghesameamountof timein a standardreakroom.Following

the group assignmentall participantsreceive standardizednstructionsoutlining the
experimentaprocedureTheythencompletea pretestsurveyandthe two attentiontasks.
Participantsn the VR grouparesubsequentlgquippedvith the VR headsg andtheten
minute naturebasednterventionbegins.During this time, participantsin the traditional
breakgroupareinvited to relaxin thebreakroom.Theyare free to use their smartphones,
read, or simply relax, reflecting the informal naturehdit usual work breaks. No tasks
or experimental instructions are provided during this time, and the setting is designed to
feel familiar and unstructuredfter theintervention all participantcompletethe posttest
surveyandrepeatheattentiontasks

4  Conclusionand further progress

This workin-progress study investigates the potential ofhé®ed nature exposure as a
low-threshold intervention to improve subjective wedling and attention restoration
among public administration employees. Byegrating the Job Deman&esources

Model and Attention Restoration Theory, we examine whether virtual restorative
environments can act as a compensatory resource in the context of high job demands and
limited recovery opportunities. Drawing on a quagberimental design, the study not

only compares VFbased interventions to traditional breaks but also distinguishes between
perceived restoration outcomes and actual cognitive restoration effects. This approach
enables a analysis of the psychological arfdnctional impact of short, immersive
interventions in realvorld administrative settings.

The next step is to complete the implementation of the VR setting and conduct the
experimental sessions in the laboratory. We aim to collect and analyze the tdatatm
presenthe complete study design, VR environment, preliminary findings at the RVI
conference 2025. These initial results will form the basis for further refinement of the
study design and provide valuable input for ongoing discussions algitai diell-being
interventions in the public sector. Ultimately, the projots to provide evidendeased
recommendations on how immersive technologies can be utilized to improvbeivedl
andresilience in public administration workplaces under inéngpgressure.



138 Marc Wyszynski et al.

Bibliography

[AK22] Adhyaru, JS.; Kemp,C.: Virtual reality as a tool to promote wellbeing in the workplace.
In: DIGITAL HEALTHBd. 8 2022

[Ad19] Adam, C. et al: Policy Accumulation and the Democratic Responsiveness
Trap, Cambridge University Pres€ambridge2019

[Ad22] Adam, C. et al: On democratic intelligence and failure: The vice and virtue of
incrementalism under political fragmentation and policy accumulatioGdrmernance
Bd. 35 2022, Nr.2, S.525543 2022.

[BDO5]  Bakker, A B.; Demerouti, E Euwema, MC.: Job Resources Buffer the Impact of Job
Demands on Burnout. Ifournal of Occupational Health Psychology. 10 2005,
Nr. 2, S.170480, 2005.

[BDO7] Bakker, A B.; Demerouti, E 7KH -RE '"HPDQGV(5HVRXUFHVY PRGHO VWDWH RI
Journal of Manageal PsychologyBd. 22 2007, Nr.3, S.309:828 2007.

[BD17] Bakker, A B.; Demerouti, E Job demandgesources theory: Taking stock and looking
forward. In:Journal of Occupational Health PsycholoBg. 22 2017, Nr.3, S.273+
285 2017.

[BO11 Bakker, A. B.; Oerlemans, \W5.M: Subjective Welbeing in Organizations. Inthe
Oxford Handbook of Positive Organizational Scholarst@xford University Press,
Oxford, 2011

[BB24] Beerman, L; Boeldt, D L.: Innovative Frontiers: Harnessing Virtual Reality for Burnout
Prevention in Highly Sensitive Individuals. ldournal of Technology in Behavioral
ScienceBd. 9, 2024, Nr.4, S.886894, 2024.

[Ch22] Chaze, Fet al: Virtual reality and welbeing in olde adults: Results from a pilot
implementation of virtual reality in lonterm care. InJournal of Rehabilitation and
Assistive Technologies Engineerid. 9, 2022

[Cal] Capaldi, CA.et al: Flourishing in nature: A review of the benefits of connegtirith
nature and its application as a wellbeing intervention.International Journal of
WellbeingBd. 5 2015, Nr.4, 2015.

[Es17 Esteve, Met al: The Effects of Doing More with Less in the Public Sector: Evidence
from a LargeScale Survey. InPulblic Administration ReviewBd. 77, 2017, Nr.4,
S.544+553 2017.

[Gilg] Gidlow, C. J.et al: Where to put your best foot forward: Psyqftoysiological responses
to walking in natural and urban environments.Journal of Environmental Psychology
Bd. 45 2016, S22 29, 2016.

[Ha97 Hartig, T.; et al: A measure of restorative quality in enviroents. In:Scandinavian
Housing and PI&K.; Evansining ResearcBd. 14 1997, Nr.4, S.175894, 1997.

[KB10] Kaplan, S; Berman, M G.: Directed Attention as a Common Resource for Executive
Functioning and SelRegulation. In:Perspectives on Psycholagl ScienceBd. 5
2010, Nr.1, S.43567, 2010.



Restoring Capacity at Work 139

[KK89]

[Ka9g

[KPK21]

[KoO8]

[LE23]

[LSC24

[Le23

[Lo23]

[Lely

[Ma09

[Ma2Q

[Mo25]

[Mo23]

[Nal17

[Oh16]

Kaplan, R; Kaplan, S The experience of nature: A psychological perspective
Cambridge university press, 1989.

Kaplan S: The restorative benefits of nature: Toward an integrative framevi:
Journal of Environmental Psychologgreen PsychologyBd. 151995, Nr.3, S.169+
182 1995.

Koch, J; Plattfaut, R Kregel, l: Looking for Talent in Times of CrisigThe Impact of
the Covid19 Pandemic on Public Sector Job Openingslrternational Journal of
Information Management Data Insigtgsl. 1, 2021, Nr.2, 2021.

Korpela, K M. et al: Determinants of restoige experiences in everyday favorite
places. InHealth & PlaceBd. 14 2008, Nr.4, S.636652 2008.

Lenz, A ; Eckhard, S Conceptualizing and Explaining Flexibility in Administrative
Crisis Management: A Crosfistrict Analysis in Germany. InJournal of Public
Administration Research and Thedd. 33 2023, Nr.3, S.485#97, 2023.

Lenz, A; Steinebach, Y Casula, M Mapping bureaucratic overload: Dynamics and
drivers in media coverage across three European countriesRdgulation &
Governancdearly view) 2024 https://doi.org/10.1111/rego.12606

Lemmer, K et al: One tool to rule?A field experimental longitudinal study on the costs
and benefits of mobile device usage in public agenciesGdvernment Informtion
QuarterlyBd. 4Q 2023, Nr.3, 2023.

Lourero, R. P.: Government transparency: Monitoring public policy accumulation and
administrative overload. InGovernment Information Quarterigd. 4Q 2023, Nr.1,
2023

Lee, K E. et al: 40-second green roof views sustain attention: The role of Abicraks
in attention restoration. Idournal of Environmental Psycholo&g. 42 2015, S182+
189, 2015.

Mayer, F.S. et al: Why Is Nature Beneficial?The Role of Connectedness to Nature.
In: Environment and Behavidd. 41 2009, Nr.5, S.607643 2009.

Mattila, O. et al: Restoration in a virtual reality forest environment. Gumputers in
Human BehavioBd. 107 202Q

Montazer, Setal.: Social Change in the Turbulent Times of the COMI®Pandemic:
Impacts of WorkRelated Demands on Wotk-Family Conflict, Mastery, and
Psychological Distress. Ii8ociety and Mental HealtBd. 15 2025, Nr.1, S.3956,
2025

MostajeranF.et al: Effects of exposure to immersive compegenerated virtual nature
and control environments on affect and cognitionScientific Report8d. 13 (2023),
S. 220.

NavarreHaro, M V. et al: Meditation experts try Virtual Reality Mindfulness: A pilot
study evaluation of the feasibility and acceptability of Virtual Reality to facilitate
mindfulness practice in people attending a Mindfulness conferenédoBioneBd. 12,
USA, 2017, Nr.11, 2017

Ohly, H. et al: Attention Restoration Theory: A systematic review of the attention



140 Marc Wyszynski et al.

restoration potential of exposure to natural environmentdolmnal of Toxicology and
Environmental Health, Part Bd. 19 2016, Nr.7, S.305843 2016

[Ra22] Rauschnabel, RA. et al: What is XR?Towards a framework for augmented and virtual
reality. In: Computers irHumanBehaviorBd. 133 2022

[RO97] Robertson,.|H.etal. 2RSV § SHUIRUPDQFH FRéhtbHaDBiMesY RI HYHU\GD\ DV
in traumatic brain injured and normal subjects. NeuropsychologiéBd. 35 1997,
Nr. 6, S.747458 1997

[SB19]  Schertz, KE.; Berman, MG.: Understanding Nature and Its Cognitive Benefits. In:
Current Directions in Psychological ScienBd. 28 2019, Nr.5, S.496502, 2019

[VBV21] Van HouwelingerSnippe, J Ben Allouch, S Van Rompay, TJ.L.: Virtual Reality
Representations of Nature improve WeHlBeing amongst Older Adults: a Rapid
Review. In:Journal of Technology in Behavioral Scierige. 6, 2021, Nr.3, S.464+
485 2021

[WCT88] Watson, D; Clark, L A.; Tellegen, A Development and validation of brief measures
of positive and ngative affect: The PANAS scales. llaurnal of Personality and Social
PsychologyBd. 54 1988, Nr.6, S.1063#107Q 1988

[Xu24]  Xu, J et al: Effectiveness of Virtual RealiBased WeHBeing Interventions for Stress
Reduction in Young Adults: Systematic Review.JMIR Mental HealttBd. 11, 2024,
Nr. 1, 2024.

[Zh25] Zhang, Qetal.7KH pVLGH HIIHFWVY RI GLJLWD®RdadVibbRQ $ VWXG\ RQ |
burnout of employees. IPLOS ONBEBd. 20 2025 Nr. 4, 2025



Recht und Informatik






Bjorn Gehlsen, André Schnackenburg (Hrsg.):
Fachtagung Rechts- und Verwaltungsinformatik (RVI 2025),
Lecture Notes in Informatics (LNI), Gesellschaft fiir Informatik, Bonn 2025 143

-XULGLFDO %DODQAYI 1HWZRUNYV

(LUHFKWVLQIRUPDWLVFKHU ,PSXOV IeU GLILWDOH (QWVFKHLGXQ

'DYLG )FEHU

$EVWUBBMWH LW WBH% DWR WD E HID Q GIFV@ WHO X ONU LHIHUFH S WB\R Q V
GLOHUNPDREWVFKHLGXQJVAQS® @D MK 8 X@HGLHAMUDPHWULVLHUW
DHLQMXQNSEWDPHLWHUZHBRRMHWYV FKH L G XIXWJ R BWH QPLOHM MQ

GHUD U W LD X3D WLR/QU D L Q L QQID/XWNK 8 N ® DBHAMW VFKHL G X Q X\DIBJ X QG O D JH
(QW VFKHL G X P& QNRRKIBIFFH I K FHKUH LZADUGEDM-QN ] ZBE DKL QJHKHQG
RSWLPEHVYWLRPWNFKHLG X GDQROVHKQHEHQE L HHUN P DaoHU
(QWVFKHLG X Q GHIHUQNG CHIHADY S UGH AHIHIRU D L Q L Q BNOGADWSHI®I F K H Q G H
(QW VFKH L G XHQ W KDDL B Q VW IQIIH U W X BHVBIH U H L Q EYIRUEBLHY/IPW W
DXVJHZIK@\WH G H BGXLGIBHF KWV ZL VY @QW F K R HW. BSHFIDH O O W

.H\ZRUGNFKWRVPQOWQNMNW AQHRKRQRBWHHL 0DVFKLQHO@MYFOXO WL
/D\H3H U FH 9WBU-XKQ@ L G% B O AMZR-UNS L J L {QMMOH K H IL BSHFXH/D

(LQIsKUXQJ

'"LH) UD DD A F KW OQLW K ARH LGXUTFIAY W H RN GHH.BIUQIUDJHQ
GHEHF KW VL Q3 RW P@WH W INIRFFKAMRX O W L SD U DIBQ JR UV AKGHP LV F K H

RGHHJHO E/PWVX @ NARAL HF K QG NV F K L QHHOMHEN @

L QGHIHUJDQJARWKER@L NV \\»B WREOHERGHOOLHUXOIRS@R]HVV
X Q W H US/NKWF KM O@H(UL QWPRMD UJBQIXDRE HOY ZH O AXH

M X ULV WLW A KB WDUDH HEERV N XV MH UgN% H L WWHI® O WO V
ZHLWHVFKX Q J VIDXBWHIWH] U KELHAB V F K L QHHUDGEDM-RY

+LHWXUGH) XQNWLRQVXEBGDRUDLQLBIQHY DP%HLVSHMO
%LOGHUNHBPXQLU &) IQHUAK UHEL QR X% D WLH/P D Q W(LOHFRKHHQRACH
SHFKWVHQWWFHKEL@XB®UWGQGHY G UHLQPRLDMNIWZIKOWHQ
$QIR UG H GHABIMRINL. V'V H QVER W MEKHLGPPEBBKQOYHUXLHH W
6NL]]LHUR@RUVFKXRWMHQWLUBQ MR 1V VRZHHED]LW

VF KO LMWBIPQ

! Fachanwalt fYr ITRecht und GR bei Gramm, Lins & Partner, Patentl RechtsanwSlte und
/HKUEHDXIWUDJWHU I-U A,PPDWHULDOJ*WHUUHFKWOLFKH $VSHNWH GHU ,73 DP ,

UniversitSt, Hannovefaber@grammilins.de-= https://orcil.org/00090009-44792656

@®® DOI: 10.18420/rvi2025-111


https://doi.org/10.18420/rvi2025-111

144 David Faber

0/3 DP %HLVSLHO GHU %LOGHUNHQQXQJ

%HL HLQHP 0/3 KDQGHOW HV VLFK XPHHQEN HEHYWLOPRKH $UF
QHXURDMWHY 'LH $UFKLWHNWXU-/BHMW HKQNG DD HHR. REKRV S SUX W
/ID\HU VRZLH PHKUHUHQ +LGGHQ /D\HUQ -HGHU GHU /D\HU I
NeQVWOLFKHQ 1HXURQHQ GLH (LQJDQJVZHUWH HQWJIHJHQQH]I
DXVJHEHQZHMVHQWOLFKH )XQNWLRQVZHLVH VROO DQ HLQHP 0/3 ]
ZHL% JHJHLFKQHWHQ =DKOHQ ]ZLVFKHQ XQG DX| VFKZDU]J!
H[HPSOL¢JLHUW ZHUGHQ ,Q GHQ QDFKIROJHQGHQ 'DUVWHOOXQ.
.UHLVH XQG GLHROEHUUWEB YRQ HLQHP 1HXURQ DQ HLQ DQGHU
.DQWHQ GDUJHVWHOOW

$EE 0/3 |XU %LOGHENH@QXQJ

,QSXW /D\HU

'HU ,Q/PXMU EHVWHKW EHL HLQHP [ %LOGSL[HOQ HQWKDOWE}
[ 1IHXURQHQ -HGHV GLHVHU 1HXURQHQ NDQQ HLQHQ =DKO}

DQQHKPHQ XQG UHSUIVHQWLHUW HLQHQ 3L[HO GHV %LOGVFI
IHXURQHQSGWV/D\HUV VLQG 3L[HO HQWVWDPPW .HUQEHUHLI
=DKO ]JZLVFKHQ XQG 3L[HO HQWVWDPPW 5DQGEHUHLFKH
RGHU 3L[HO HQWVWDPPW 5HVW GHV %LOGVFKLUPV

+LGGHQ /D\HU

'LH +LGGHQ /D\HU XQG GHUB®IWHGURK HEEOLHEGL JUZXKQOEDU 9RUOL
VLQG +LGGHQ /D\HU PLW MH 1HXURQHQ YRUJHVHKHQ -HGHV

2 Das Beispiel entstamn{Sa25] Zum tedinischerHintergrund{LC23].
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ID\HUV QLPPW DOV (LQJDQJVZHUW GLH 6XPPH DOOHU $XVJDQJVZI
/ID\HUV HQWJHJIJHQ 'LH *U|%H GHEHHEXVEBQJGHQUWHPZLMWGWGD

YRUDQJHVWHOOWHQ .RHV]JLHQWHQ *HZLFKW XQG GHU GHP :HU
%LDV EHUHFKQHW *HQDXVR QLPPW MHGHV 1HXURQ GHV ]JZHLW
DOOHU JHZLFKWHWHQ $XVJDQJVZHUWH GHMIJHHIKQRQHQ GHV HUVYV

2XWSXW /D\HU

'"HU 2XWSXW /D\HU EHVWHKW DXV ]JHKQ 1HXURQHQ -HGHV 1HXI
=DKOHQ YRQ ELV -HGHV 1HXURQ GHV 2XWSXW /D\HUV QL
JHZLFKWHWHQ $XVJDQJVZHUWH GHV ]ZHLWHQ +LGGHQ /D\HUV D
'DEHL SURSDJLHUHQ GLH 1HXURQHQ GHV 2XWSXW /D\HUV GHQ
"HUWHEHUHLFK ]JZLVFKHQ XQG  %HGHXWHW -H JU|%HU GHU (L
2XWSXW /D\HUV GHVWR QIKHU LVW GHU $XVJDQJVZHUW GHU 1HX
XQG MHQM®@ GHU (LQJDQJVZHUW GHVWR QIKHU LVW GHU $XVJDQJ

)XQNWLRQDOLWIW LP XQWUDLQLHUWHQ =XVWDQG

'"HU $XVJIDQJVZHUW HLQHV 1HXURQV GHV 2XWSXW /D\HUV LVW JH]
JHZLFKWHWHQ .DQWHQ GHV 1HW]WHV PLW ZGIORKNMN® GBPNULHXURQ
GHQ YRUDQJHJDQJHQHQ /D\HU XQG LQGLUHNW +EHU GLH /D\HL
*U|%H GHV :HUWHV ZLUG GDEHL YRQ GHQ :HUWHQ GHU 9DULEDO
,QSXW /D\HUV DOV (LQJDQJVZHUW HUKDOWHQ KWEHQ VRZLH Gl
*HZLFKWH GHU .DQWHQ XQG GHQ %LDV EHVWLPPW %HL GHQ *H?Z
3DUDPHWHUQ GHV 1HW]ZHUNHV QX®& G$QHXH®RDROEGBEN) /D\H U
/ID\HU GHWHUPLQLHUHQ ZLH YLHOH 3DUDPHWHU GHQ :HUW GHU
EHVWLPPHQ

I1LPPW LP %HLVSLHO GHU $XWIDHM 2XMUWBX W LUVQMHHU YHXORQROJH G
YWHUHFKQXQJHQ YRQ ,QSXW /D\HU [XP 2XWSXW /D\HU GHQ :HUW

VWHKHQ GDVV GLH GHP 1HXURQ ]XJHZLHVHQH =DKO DP %LOGYV
$XVIDEHZHHUIWHY 1HXURQV GHV 2XWSXW /D\HUV VWHKW GDI+U GI
GHP %LOGVFKLUP DQJH]HLJW ZXUGH 'D GLH 3DUDPHWHU GHV 1
ZLOON*UOLFK JHVHW]W VLQG HUJHEHQ GLH (LQJDQJVZHUWH

ZLOON*UOLFKHNHX&HIDEIHZ2HIRQHQ GHV 2XWSXW /D\HUV
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Sigmoid

O o® {lT(

@

$EE 'DUVWHOOXQJHEH B KSXVRB GHZHUWH DOV (LQJDQJVZHUW HLQHV |
HLQHYV )R O JHIOXQKBUGRHY >6D) @

7UDLQ@HM3 PLWWHOV %DFNSURSDJDWLRQ

'DPLW GDV 0/3 VHLQH $XIJDEH GHU =DKOHQLGHQWL{NDWLRQ Hu
GLH YHUIQGHUEDUHQ 3DUDPHWHU GHV 1HW]ZHUNV RSWLPLHU
LQVEHVRQBHHZLFKWXQJHQ GHU .DQWHQ LQ %HWUDFKW 9RUD X
YRUJHVWHROLHW N @SWVW HLQH 'DWHQEDVLV EMVWHKHQG DXV 'DW
'DWHQEDVLY EHVWHKW LP %HLVSLHO DXV 7XSHOQ PLW GHQ :HUW
IHXURQHQ GHW ,QERWQIMHZHLOV GLH NRUUHNWHQ $XVJDQJVZH!I
GHV 2XWSYXWJHRHG®HW VLQG -HGH 7XSHO HLJQHW VLFK l«U HLQI
0/3

%HVWLPPXQJ GHV )HKOHUVLJQDOV

(LQ 7UDLQLQJVI\NOXV EHJLQQW PLW GHU (LQJDEH GHU :HUWI
%HVWLPPXQJ GHU $EZHLFKXQJ GHU EHUHFKQHWXW $XVJDQJVZHU
ID\HUV YRQ GHQ HUZDUWHWHQ $XVIJDQJIJVZHUWHQ +LHUI<U EL¢
TXDGULHUWHQ 'LUHUHQ]JHQ GHU EHUHFKQHWHQ YRQ GHQ HUZDUW
JHKOHUVLJQDO

hEHUJLEW PDQ GHP ,QSXW /D\HU GHV 0/3 ]XU %LOGHUNHQQXQJ
GHP %LOGVFKLUP DEJHELOGHWHQ VR HUK|KHQ EHUHFKQHWH $
IHXURQHQ GHV 2XWSXW /D\HUV UBISOFPKHQBWHEBROBQV )HKOHUVL
'HQQ YRQ GHQ EHUHFKQHWHQ (UJHEQLVVHQ ZHWGHQ MHZHLOV C
$QGHUV KHUXP LVW GDV )HKOHUVLJQDO XPVR NOHLQHU MH QI

% Das Beispiel entstamn{iSa25] Zum tedinischerHintergrund{LC23].
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2XWSXW 1HXURQV ZHOFKHV GLH =DKO UHSUIVHQWLHUW DQ
(UJHEQLV ZLUG GLH HUZDUWHWH VXEWUDKLHUW

What’s the “cost’
of this difference?

(0.43 — 0.00)*+
(0.28 — 0.00)*+
(0.19 — 0.00)*+
(0.88 — 1.00)*+

(0.72 —

)

(0.01 —
(0.61

(0.86 — 0.0
(0.99 —(
(0.63 —

$EE %HVWLPPXQJ GHY JHEOMHEH HIL@MHAQV H Q 6V ®WQWUDLQLHUWH 1H

OLQLQLPLHUXQJ GHV )HKOHUVLJQDOYV

'DV HUPLWWHOWH )HKOHUVLJQDO OIVVW VLFK DOV 6XPPH DOOHL
'LHV LVWGHRBEVQRQDOH )XQNWLRQ ZREHL Q GHUWHS$Q]DKO GHU 3D
)XQNWLRQ QHQQW PDQ )HKOHUIXQNWLRQ /IJH HLQH )XQNWLRQ
YRU VR N|QQWH PDQ GDV )HKOHUVLJQDO PLQLPLHUHQ LQGHP
)XQNWLRQ GHUHQ 1XOOSXQNW EHVWLPPW %HL GHU $Q]DKO DQ
GLHVWQISFUDNWLNDEHO OLWWHOV GHV *UDGLHQWHQDEVWLHJVYH
DNWXHOOH %HWUDJ XQG GLH 5LFKMVBX® B GHUR @ BVO B IQV XIQQ VB WRHQ J
EHVWLPPHQ 'LHV QXWHWD\WRDHQIBUXQJ GHV )HKOHUVLJLQDOV
ZHUGHXWHIQZHLVH EHJLQQHQG PLW GHQ .DQWHQ ]JZLVFKHQ OHYV
2XWSXW /D\HU LQ 5LFKWXQJ GHU .DQWHQ ]JZLVFKHQ ,QSXW /D\HL
GLH 3DUDPHWHU HUK|KW RGHU KHUDEJHVHW]W 'LH 6WIUNH GHYV
BWIUNH G®IGHOMNQU GHU 3DUDPHWHU DXV 'LHV HQWVSULFKW

VFKULWWZHLVHQ 1IKHUXQJVYHWHRGMINWDRQHLQ OLQLPXP GHU )

(UJHEHQ LP %HLVSLHO GLH (LQJDEHZHUWH HLQHU LP ,QSXW /D\
IHXURQV GHV 2XWSXW /D\HHVHGHRVWLH GgKYHZHXURQV GHP G
JXJHZLHVHQ LVW XQG :HUWH ]JZLVFKHQ XQG GHU *EULJHQ
3DUDPHWHU I+U GDV GLH UHSUIVHQWLHUHQGH 1HXURQ ]X HUK]|K
UHSUIVHQWLHUHQGH 1HXURQ >SQ¥H B DU®HPHWWAENULDHDYBHE XQG
IHXURQHQ GHV 2XWSXW /D\HUV XPVR VWIUNHU KHUDE]XVHW]HQ
DQ LVW

'"HU 9RUJDQJ ZLUG ZLHGHHE@SMW VKIRD WEHHHWAHHIG®NY 0/3
JHKOHUVLJQDO QLFKW PHKULWVWNWLEY MHQH@MIHUW UDLRLQJIV]\
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DEJHVFKORVVHQ

$EE $QSDVVXQJ GHU 3DUDPHWGNUER EHOQOHRYBDLQLQJV]NOXV
9HUULQJEZREBU GLH *U|%H GHV 3IHLOV GLH $6DU®H GHU bQGHUXQJ Y

YXQNWLRQDOLWIWEXPWDUDA QLHUWHQ

'HU 7UDLQLQJVYRUJDQJ NDQQ PLW GHU JHVDPWHQ OHQJH GHU
7XSHOQ ZLHGHUKROW ZHUGHQ %HL MHGHP =\NOXV ZHUGHQ C
GDKLQJHKHQG RSWLPLHUW GDVV EHL GHQ (LQJDEHZHUWHQ HLQ
$XVIDEMSZHWWLHVH =DKO UHSUIVHQWLHUHQGHQ 1HXURQV GHV 2X
DQJHQIKHUWHQ :HUW DXVJLEW ZIKEHQSHGLH $XRQBIEH BHWW H
2XWSXWHDQHHW GHU DQJHQIKHUWHQ :HUW DXVJHEHQ

VW GLH $Q]DKO GHU 3DUDPHWHE HMHNVEL G H D WHQERWLY NRKI
XQG UHSUIVHQWDWLY VR SURGX]JLHUW HLQ WUDLQLHUWHYV 0/3 C
2XWSXW /D\HUV

'DEHL LVW ]X EHDFKWHQ GDVV GLH )XQNWLRQVZHLVH GHV WUD
QLFKW JHQHUDWLIYHUWWE HWDNJGDDWVIV LQIIRUPDWLRQHQ ,P %HLVSLE
0/3 U DQGHUH -=DNHOID®I @ EWDXFKEDUHQ 2XWSXW

=XJOHLFK IXQNWLRQLHUW GDV WUDLQLHUWH 0/3 GHWHUPLQLVWL
LGHQWLVFKHU (LQJDEH VWHWY GLHVHOEH $XVJDEH DXV

-%1VVD®OXEVWLWXW leU GLILWDOH (QWVFKHLGXQJHQ
9RU GLHVHP WHFKQLVFKHQ +LQWHUJUXQG NRPPHQ MXULVW|

-:1 -%1 1+U GLIJLWDOH (QWVFKHLGXQJ LP 5HFKW LQ %HWUDFKW
ZHOFKHV ]XU (QWJHJHQQDKHARD QW GU FRW@VEHH VWLVFKHU
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,QIRUPDWLRQHQ NRQJLSHUW XQG WUDLQLHUW ZLUG

'"HU ,QSXW /D\HU GHV -%1 VHW]W VH KK FDXNQHIXY/HDW P H & U [DHK®H YR Q
MHZHLOV HLQ OHUNPDO GHU (QWVFKHLGXQJVJUXQGODJH DOV %}
'LH $Q]DKO GHWLIHXWGERQHUPLQLHUW GXUFK GLH $Q]DKO DQ OHLI
PDQ I+U GLH 1HW]JHLQJDEH QXW]HQ P|FKWH

'LH +LGGHQ /D\HU EHVWHKHQ DXV HLQHP RGHU PHKUHUHQ /D\HU(
DQ 1HXURQHQ 'LH $Q]DKO DQ /D\HUQ XQG 1HXURQHQ LVW IUHL Z|

'"HU 2XWDBKW VHWI]W VLFK DXV HLQHU OHKU]DKO YRQ 1HXURQHQ ]
HLQH (QWVFKHLGXQJVIROJH DOV %HGHXWXQJVIJHKDOW ]XJHRUG QG
ZLUG GHWHUPLQLHUW GXUFK GLH ¥MOKIOHYD QG DY WMAW HLHIXND J V1 |
DXVJHEHQ ®@QHQ VR

'LH +LGGHQ /D\HU YHUELQGHQ *EHU JHZLFKWHWH .DQWHQ GHQ |,
/ID\HU

'‘DWHQEDVLYV GHV -%1

$OV 'DWHQTXHOOH I+U @6LBQWHIIPK BIHFIRMWANXSHIDPD HQ XQG MXULVY
ILWHUDWXU GLH 6DFKYHUKDOWVDQJDHAWKEBERWH@WVFKHLGXQJ

7THLOZHLVH ZLUG GHQ ]XU 9HUI+JXQJ VWHKHQGHQ 'DWHQ GLH (LJ(
PDQJHOV NRKIUHQWHU 6 WU N@& W ICQHIHY SUVRHFUKHRXFK HLQH
JRUVFKXQBWHUBQHTXDOLWDWL YHHRS AHIVE W B US@XWVIRIQMXY FKXQJH
-%1KHGDUI

1DFK GHU JHIJHEHQHQ .RQ]JHSWLRQ HQWKDOWHQ GLH 7XSHOQ GH
GHV ,QSXW /D\HUV GLH OHUNPDOH GHU (QWVFEKHIPGNQJVIUXQGOD
GLH 7DWVDFKHQ GLH HLQHU (QWVFKHL®X@J OXBFUXQIGH ODJHQ

7DWEHVWDQGVYRUDXVVHW]XQJHQ GHU 5HFKWVQRUPHQ LQ %HW
HUKHEOLFK ZDUHQ $0OV HUZDUWHWH $XVIJDEHZHUWH GHV 2XSXW
(QWVFKHLGXQJVIROJHQ GHU MHZHLOLJHQ (Q\RQBKBLGKQJ +LHUI-.
5SHFKWVQRUPHQ DEJHVWHOOW ZHUGHQ DXI| ZHREKWB VLFK GLH (
SUIHWBGHWWHQRULHUWH 5HFKWVIROJHQDXVVSUXFK

'LHFDWVDFKHQ XQG 5HFKWYORGIQWQ=0KOHXSHOMH | % $UUD\V R(

IHNWRERI®LHUW ZHUBBY 6WUXNWXULHUHQ /DEHOQ YRQ 'DWF

DXWRPDOWEWUHDXFK FRPSXWHUJHVWW$WKR@HU PHQVFKOLFK HUIR
7UDLQLQJ GHV -%1

=XU %HVWLPPXQJ XQG OLQLPLHUXQJ GHV )HKOHUVLJQDOV N|C

4 Z.B. mittels der Aiswertung von Urteilen durch Large Language Models.
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(QWVFKHLGXQJVJUXQGODJH DXV GHU 'DWHQEDVLV GHP ,QSXW
*EHUJHEHQ ZHUGHQ 'XUFK $EJOHLFK GHU EHUHFKQHWHQ $
(QWVFKHLG X QIWSROUH@WLHUHQGHQ 2XWSXW /D\HUV PLW GH
$XVIJDEHZHUWHQ NDQQ WDRPYHKMHGHGI QDIV BENHRQNUHWH )HKOH
NDQQ VRGDQQ GXUFK $QSDVVXQJ GHU 3DUDPHWHU HQWVSUHFKH
GHU VWIUNVWHQ 6WHLJXQJ VXNNJHVVLY PLQLPLHUW ZHUGHQ 'XL
PLW GHU OHQJH GHU ]XU 9HW GXQJ' YWHRHDRWGINQ ZDUHGDV -%1 G|
RSWLPLHUW EHVWLPPWH (QWVFKHLGXQJVIROJHQ GDQQ DXV]XJH
(QWVFKLHGXQJVJUXQGODJH G HEH I0 HZHNDFAXGIHQ GHLAW P SIQNFKI®Q F K H
(QWVFKHLGYWQUHMQEGNUY GLH (QWVFWHRGXQJVIROJHQ HQWKDO

~% VXQBQIRUGHUX® UHFKWOLFKH (QWVFKHLGXQJHQ

$XV 3HUVSHNWLYH GHU B5HFKWVLQIRUPDWLN IRIXVV VLFK HLQ
(QWVFKHLGXQJHQDQ@P GHQFKMD %VWIEHQ PHVVHQ ODVVHQ ZHC
SHFEWMVHQVFIKQVWHVRQGHUH GLH 5 HHF K3WAFW WIVRIWKL NX @& GL
(QWVFKHLGXQJHQ IDPUSGIBRQY N MDHGI@W Q WV B IONL SEKRIIW QL 15 H V
6LQQH GHU -XULVSUXGHQ] *HOWXQJ EHDQVSUXFKHQ

5HFKWVORJLVFKH $QIRUGHUXQJHQ

SHFKWOLFKH (QWVFKHLGXQJSIQL FHGL D@ M Q B/H B KPOR J LBWFW HU VD W
XQG &RQFOXVLR EHVWHE)HPQ GERUHQGRIMVP2ZEHUVDW] GLH UHFKW
3UIVNULSWLRQ HQWKIOW LVW GHU 8QWHUVDW] GHVNULSWLY XC
E]Z ]XU ULFKWHUOLFKHQ hEHU]JHXJXQJ IHVWVWHKHQGHQ 7DV
(QWWRKH IJVWUIJHU VHLQB)%R @ OXVLR VWeW]W

'DV -%1 VWHKW KLHU]X QLFKW LQ ]ZDQJVOIX¢JHP :LGHUVSUXFK -
GLH 3UIVNULSWLRQHQ@H@V HAE iR U WD W} WD FEKHHUOH BRI HHY WGHIVWA
(QWVFKLHGXQJVIROJHQ DGWR RYXHMQDENVGH@WHYNDW]HYV 'D GLH 7
LQ GHU 'DWHQEDVLV DEHU EHUHLWY HLQPDO PHQVFKOLFK XQW
NJQQWH PDQ GLH VSIWHUHQ 5HFKWVIROJHQDXVJDEHQ DOV
GUHLVFKULWWLJHQ 'BB QG DXV RP ZRINWHYHG&KDBE\VWHPY N|QQWH
GDEHL VLFKHUVWHOOHQ GDVV =XVDPPHQKIQJH ]JZLVFKHQ
(QWVFKHLGXQJVJUXQGODJH XQG GHQ (QWVFKHLGXQJVIROJHQ
VIOORJLVWLVFKHQ 6FKO+*VVH GHU 'DWHQEDVLY KDOWHQ

5SHFKWVPHWKRGLVFKH $QIRUGHUXQJHQ

'LH BRULYDWUHFKW ZRKO YRUKHUUVFKHQGH OHWKRGH ]XU UHFK\
"HUWXQIVMXUGEDSW@HAWH@RVDW] JHKW GDYRQ DXV GDVV MHGHU
(QWVFKHLGXQJ GLH JHVHW]JHEHULVFKH %YHZHUWXQJ GHU ,QWHU
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%H]XJ DXHBEHQVNDFKYHUKDOW EHVWHKHQ GHU YRQ GHQ I-U GLH
SHFKWVQRUPHGMHUEVVW LVW

'DV -%1 N|JQQWH PLW GLHVHP $QVDW] YHUHLQEDU VHLQ 'LHVH (L
GLH UHFKWOLFKHQ (QWVFKHLGXQJHQ GIHW KIDWMMHED VZN OFKMV FK |
YHUWUHWEDUH *HZLFKWXQJHQ GHU ,QWHUHVVHQ ]XP $XVGUXFEN
OHUNPDOH GHU (QWVFKHLGXQJVJUXQGODJH WDQJLHUW ZDUHQ

'DWHQEDVLV DOVR VR JHWURUHQ ZXUGHQ ®LH VW GLHV:HUWXQJ
GHU )DOO ZHUGHQ GLH 3DUDPHWHU GHV -%1 DX| GLH $XVJDE}
HQWVSUHFKHQG GLHVHU ,QWHUHVVHQEHZHUWXQJHQ RSWLPLHU\
NJQQHQ VRPLW DOV LQGLUHNWH 5HSUIVHQWDWLRQ GHU LQ GF
QMW HVVHQEHZHUWXQJHQ DXIJHIDVVW ZHUGHQ

*UHLIEDU ZLUG GLHV EHL HLQHP *HGDQNHQH[SHULPHQW EHL
3DUDPHWHU VR ZIKOW GDVV VLH GHU $Q]JDKO GHU LQ GHQ (Q\
HQWKDOWHQHQ ,QWHUHVVHQ HQWWYSWHFKWW(HY 2DWDPR VDXV WD Q
GDVV HU GDQQ HLQHQ EHVRQGHUV KRKHQ (LQAXVV DXI| GLH !
(QWVFKHLGXQJVIROJH KDW ZHQQ GLH OHUNPDOH GHU (QWYV
OHUNPDOHQ HQWVSUHFKHQ ZHOFKH LQ GHU 'DWHQEDVLYV
(QWVGEKEBILVIROJHQ JHI*KUW KDEHQ 5HSUIVHQWLHUW MHGHU 3DU
MHGHV ,QWHUHVVH GXUFK GDV 7UDVQERHLR PESROULQLWIHQQ *HZLF
EHVWLPPWHU OHUNPDOH GHU (QWVFKHLGXQJVJUXQGODJH JH
AHULQIHUHHEPFKWKENW]W XQG GDPLW HLQH EHVWLPPWH (QWV
]XVDPPHQ PHOWUBIQBINDQWHQ ,QWHUHVVHQ GHWHUPLQLHUW (V
HQWVFKLHGHQ ZHUGHQ ZHOFKHU 3DUDPHWHU ZHOFKHV ,QWHUH\
GHU WHFKQLVFKHQUOUMIQXHLWGBWY VLFK HLQH NRKIUHQWH *Hz
3DUDPHWHU HQWVSUHFKHQG GHU 7UDLQLQJVGDWHQ HLQVWHOOMW

'HLWHUH $QIRUGHUXQJHQ

"HLWHUH $QIRUGHUBXGEKMY ZGVHEOQEBKDIWFKW XQG GDPLW DXFK |
UHFKWOLFKH (QW VF K HQCO\DEHE \D/QHI QUBGIWZ LYAWL BHW % HIROJIJXQJ G
HLQH |uHQWOLFKH 5HJHOMNRPEGHXNIBNLRY PDWHULHOOH
OLQGHVW*EHUHLQVWLPPXQJ PLW GHU PRUDOLVFKHQ *UXQGKDOW
IHUBHQH *EHU 9HUIDKUH GV ILRHUMIDGD JIDE-IHBRH @HO W X Q J

'LH )UDJH QDFK GHU IUHLZLOOLJHQ %HIROJXQJ YRQ (QWVFKHLC
UHFKWVVR]JLRORJLVFKH )UDJH (V LVW DEHU DQ]JXQHKPHQ GDVYV
9HUVWIQGQLV GHU )XQNWLRQVZHIKHV HILGIIK\HU %R 6 RUBK GLHHQ W
6WDQG GHU )RUVFKXQJ DQ -%1V GHWHUPLQLHUW ZLUG

'LH %ODFN %R[ 3UREOHPDWLN GLH HLQHU NRQNUHWHQ 1DFI
(QWVFKHLGXQJHQ GHV -%1 HQWJHJIPFPQN WBIKGY GUWIIVDO GGW HGLH 7UL
UHFKWVWKHRUHHRMWBEXWHNVHBY PO IHOV KLQUHLFKHQGHU 5HJHONF
JUD W ®OOHUGLQJV ZLUG GLH 7UDQVSDUHQ] YRQ (QWVFKHLGX
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%HJIJU*QGXQJ JHSUIJW GLH QLFKW LGHRWMD\PEKREHY GHU (QWVFKH
RE 3UREOHPH GHWXUFKQREBOMEBHQWIUV\VWHPH JHO|VW ZHUGHQ |

0D%VWDE I+U HLQH KLQUHLFKHQGH hEHUHLQVWLPPXQJ PLW GHU
SHFKWVXQWH U ZR U1 HIQMDF IGHKLUGKQ 398 B U MV VBERIUHIDH LG/ H
(LQKDOWXQJ YRQ *HUHPEYM@NXQ® VEULHPSYSBHQVEDUNHLW DQ GLI
G\QDPLVFK RRADWQAEAKH *HX)HG KD OW X QJ

‘D GDV WUDLQLHUWH -%1 GHWHUPLQLVWLVFK DUEHLWHW SURGX
GHV 9HUWUHWEDUNHLWVNRUULGRUY VRODQHEDWGHEG 7UDLQLQJIV
(QWVFKHLGXQJHQ JHELOGHWHW ZHUGHQ *OHLFK]JHLWLJ SHU:
9HUWUHWED GMHL VWHRNFIKLMH KHQ @WHQEDVLV

$XV GHU GHWHUPLQLVWLVFKHQ )XQNWLRQ¥ZDHLVGHG@GHY WUDLQL]
OHUNPDOHQ GHV ,QSXWH@BIBHWYFKHPHHEHQVVDFKYHUKDOWH JC
HQWVFKLHGHQ ZHUGHQ ,QVRZHLW LQGL]JLHUW GLH )XQNWLRQVZ
HIJDOLWIUHQ *HUHPIGWAELMHLWVWKHRULHQ

$X1 *UXQG GHU 6MDQ@GHUEHONWWWMLIHUXQJHQ GXUFK GHQ (LQVDW
GHU -XVWL] GHQNEDU 'LHV ZsUGH YRQ GHQ DXI (VIJLHQ]NU
*HUHFKWLINHLWVWXRRUEQHQ JHWUDJHQ

'LH $QSDVVEDUNHLW LVW HEHQIDOOV QLFKW XQSUREOHPDWLVFK
GHU 3UDNWLNDELOLWIW GD BRIFEDDLFRK R GEMUHARRW WO DLQLQJIV
GLH IRUPDO JOHLFKHQ *HOWXQJ VRZLH GHQ 9HUIDKUHQVUHJ
(QWVFKIBL&FEHILBLQH J)UDJH GHU NRQNUHWHQ ,PSOHPHQWLHUXQ

)RUVF KX®RIWH Q WHLEH3D MHXG

(LQ 9RUWHLO YRQ -%1V JBDINQEHHWY H/OKILY¥YWDPPHQKIQJH JZLVF!
(QWVFKHLGXQJVJIURMBIMDING RQEKW 7RNHQV GHU QDWsUOLFKHQ
ZHUGBOQV -%1 ELOGHW) BWGRQUFEHENMH JHLQHU (QWVFKHLGXQJ XQP
DOV HLQS5MOHOEDVLHUWHQ B6\WWHPHQ JHJHQ+EHU EHUJHQ -%1V
YOH[LELOLW I WRKLEQ DIDAVK MREILHF® G H Y QUM WANKPHDLAEK Q HMKHUX Q GODJH Q

%1V N|QQWHQ LQ GHU 5HFKWVSUD[LV ]XU DXWRQRPHQ RGHU FRI
YRQ (QWVFKHLGXQWH® HHQGHQ XP G L :- X@XWULAK]XGBIQWODVWHQ
7UDLQLQJ YHUVFKLHGHQHU -%1V PLW 7UDLQLQJVGDWHQ XQWH!
NJQQWHQ ]XGHP 9HUJOHLFKVV\VWHPH JHVFKDUHQ ZHUGHQ LQ G
GHU 1HW]H VLFK WHRKOWKHLAHDOXUBGDWHNW ZLHGHUVSLHJHOQ $
NJQQWH UHFKWVYHUJOHLFKHQG DQDO\VLHUMWXZMBEGHQ ZHOFKH /I
LQWHUQDWLRQDO KRPRJHQ HQWVFKLHGHQ ZHUGHQ XQG ZR O
DXVJHSUIJW VLQG HFKWY® HQBMMHQG W BHBIGWQSROLWLVFK E|WH

5Z.B.im IPRfYr RYckschlYsse auf den internationalen Entscheidungseinklang
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HY HLQH HPSLULVFKH %DVLV |IU JUHQ]J*EHUVFKUHLWHQGH 5HFKW

'DQHEHQ | W HGZAIK CRDW WU XNWRLQ GHV -%1 )ROJHIUDJHQ DXI ,VW
$Q]DKO DQ 3DUDPHWHUQ H®WVSUWHIFKHQBGHGH Z HIMARKOGLH 'DWHC
HQWKIOW RGHU GLH LP BSHFEKWZIPQHQNDXPQWLQHQEQPLWWHOEL
SHSUIVHQWDWLRQ GHU ,QWHUHVVHQ ]X JHVWDWWHQ" 2GHU V
)XQNWLRQVZHLVH GHV -%1 HQWJHJHQ" (QWAMHKHLIBXNJIJGUHQRPSOH
LP 5HFKW VWHOOW VLFK GLH )UDJH RE PDQ NRPSOH[H (QW
(QWVFKHLGXQJHQ ]JHUOHJHQ NDQQ XQG -%1V GHUJHVWDOOMW
(QWVFKHLGXQJVIROJH HLQHV -%1 DOV OHUNPDO GHU (QWVFKHLG
-%1 JMWQW ZHUGHQ NDQQ OLW %OLFN DX| GHQ GLVNULPLQDWLYF
,QWHUHVVH RE GLH IXQNWLRQDOHQ *UHQ]HQ GHV 6\WWHPV KLQ
HUZHLWHUW ZHUGHQ N|QQHQ HWZD GXUFK GLH (LQELQGXQJ Y
'LuXVER{PMNH@ RGHU GLH 1XWEXQDO/RQ/BNERBWROHXURQHQ >5R @

'LH *UHQ]H GHU $XVVDJHNUDIW XQG GDPLW 1+W]JOLFKNHLW HLQI
.RKIUHQ] GHU 'DWHQEDVLY GHWHUPLQLHUW (QWKIOW GLH 'DWt
ZHOFEKH 9RUOLHBIQG WGNHRDGIHD B HU (QW V FX &8 WENXYIPKILUHCOA G B HH
RGHU NR QW UGN WRAKRIW IGVEKRHQ R VRMWHW G GDV -%1 DXFK QDFK GHP
7UDLQLQJ NHLQH DXVVDJHNUIIWLJH .ODVVL{;NDWLRQ YRUQHKPHC
IXW]HQ DXI VWD WN \BWBIQ\G DEIGW M L FKEWE BaD BKHW D NWH VWNVQV L Q G
.RQVWHOODWLRQHQ GHQNEDU LQ GHQHQ EHUHLWV GLH ,GHQWL,
(QWVFKHLGXQJHQ HLQHQ (UNHQQWQLVJIJHZLQQ GDUVWHOOW

(LQ PLW GHU .RKIUHQ] GHU 'DWH QEH LV W GBIL M HIUACRNAWK MN-DGEHOVH 3: (DA
YRQ $Q]DKO XQG .DWHJRULVLHUXQJ GHU OHUNPDOH GHU (QWVF
(QWVFKHLGXQJVIROJHQ ,P ,QSXW /D\HU QLFKW DQJHOHJWH OHL
-%1 EHUJHEHQHHD&GEQYRQ 7DWVDFKHQ |JW @HEE U QSKW /D\HU J|
1XW]XQJ YRQ UHFKWOLFKHQ 7DW DH\HWDIXCX G BBIRWWVHMI X QJIHQ
GDVV PDQ HLQH 9HUODJHUXQ3URED HPHF IG\M VW RBRIWH YWN. VWK R Q
7\SRORJLVLHUXQJ YRX¥ I3 HDEK VE\HEH JQS X WQ/ D EPLIXEH QWH VW

*HQDXVR NDQQ GDV -%1 DXFK QXU GLH LP 2XSXW /D\HU DQJHOH
DXVJHEHQ ,Q GHQ *UHQ]JHQ NRPPW GHU GLVNU)LRLQDWLYH &KDUI
RULJLQIUH 3UIMXGL]LHQ 2YHUUUXOLQJ RFGHWQIHVWLQJIXLVKLQJ L\

)D]LW

-%1IWFKHMNRHIGHUIJU-QGLJ DOV GLIJLWDOHV 6XEVWLWXW 1eU UHT
P|JOLFK )UDJOLFK EOHLEW RE GLH GDUJHVWHOOWHQ 9RUWHLC

€ z.B. Grundechte.

7Z.B. Analyse unterinstanzlicher Urteile zur Identifikation heterogender Rechtsprechungstenzen

87.B. venire contra factum propiur sagt x und tut die Negation von x$8sich prSziser kategorisieren als
ein Versto§ gegen Treu und Glaube, & 242 BGB.



154 David Faber

9HUHLQEDUNHLW PLW UHFKWVWKHRUHWLVFKH®&HIRUIJDEHQ HLQ
$XVHLQDQGHUVHW]XQJ VWDQGKIOW XQGEXH® /MHDOIEUHYVHQHQ 1L
IXJHI*KUW ZHUGQHQWHRQWRRUWXQJ REOLHJW ]XY|[UGHUVW GHU 5H

%LEOLRJUDSK\

>'6 @

>(E@

>*R@

>+D@

>. L@

> X @

>/& @

>1L@

>5)%@

>5R@

> 6 D@

>6F@

>6F@

>6 HO
>6 V@

>6: @

'"UH\HU BWHSKDQ 6FKPHHMV G RKIOH Q@MW A OW HUH Q:]R DMOHL Q H
7UDLQLQJVGDWHQ:>G@&SHLQ 5LFKWHU

(EHUV ODUWLQ +HLQ]H &KULVWLDQ #UVBO FQYIVOWFHKIU|WWHU
,QWHOOLJHQ] XQG 5RERWLN 0<QFKHQ

*RUGRQ "REDVYVWLVFKH ®ONKPRGWOWILROXQJIJVSUR]HVYV ,QIRUPD\
SHFKW XQG 9HUZD O WXYPDR U HVQBUBRQQ 6 -

+DIHUNDPS3HWHRNFKWHU *HVHW] XQG MXULVWLVFKH OHWKR(
"HUWXQJIJVMXULVSUXGHQ] =13:

.LOLDROIIJD@HHQ XQG :LUNOLFKNHLW GHU 5HFKWVLQIRUPDWLN I

.XOHWHW DO 6WUXFWXUHG /DEHOLQJ WR/)DFLOLWDWH &RQFHS!
KWWSVY GO DFP RUJ GRL DEV $EUXI

/HPPH®ZH &OHYBWIHOQVWO L FWHOQLINWYHQVYHURBUEHLWXQJ
IHUXURBWDHIXO D DMQFKHQ

1LON'DYLG-XVWKRG$OJRULWKEHQFKZIFKREQVFKOLFKHU
(QWVFKHLGXRQ®B¢@GXQDWHUOLQ

5eWKHUV )LV BKHKWMWPKMWRULYWONBKRGHQOBKOHBJH
0°QFKHQ

5RQQHQEHQNOWLRKHRURQRDREWYXQG 9HUIDK UKLQH U] X
(B B$

6D Q G H UWRQ@W X U RIGIIVZ RIVQW KPHD WEKH K LKIRGWV K BH D U Q
KWWSV ZZZ EOXH EURZ@HARWZRBENYRQV QHXUDO

6FK*QHPBROYBY LIRH VKW VEHRIAKHIH X WERQEHUPRUJHQ"
LBFKQHPDUMIHUHFKWLINHLWEZKV U HEQSORKDBW -

6 FKQ H LREAHLE QA H [ KRE®X V E O K@D | R U PLDBMLAK YGH U ZD O W X Q J
*HVWHHB®EWRUJMQ59, %RQQ 6 -

6HLZHUVBOKVLHUWHU 6FKXW] LQ *HVHW] XQG 8UWHLO 7<ELQJHQ

6WHLQWMYBMRFKDSWEKWKD QZIOIEREKHQVIXULVWLVFKH
OHWKR G HK@QGEHKWH O LARWYEQ B -

BWHLQU|WWHQ HHRIMHPXMX 6L HE H U +a0 ] Q DYFHIOH Q0 5
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>9D@ 9DVYDQL HW DIRQ $WWHQ®OO <RX 1HHG
KWWSV GRL RUJ DU;LY $EUXI

><D@ <DQJ /LQ HWuXWORQ ORGHOV $ &RPSUHKHQVLYH 6XUYH\ RI OH
$SSOLFDWLRQV KWWSV GRL RUJ DU;LY $EUXI
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(LQI*KUXQJ LQ GLH ODWKHPDWLN GHU 4XDQWH
%HUFNVLFKWLJIX®O IJIRHM WKRKNU

/ILRQH&J!

$EVWUDIRMWHVFKOHNXR P $06§ AKY R UJQQ R%IHVQH Q P HNDJBAH | L

HQIG L JL W D\NGUR | HX ¥ MDD HIUE AR H U H LOFHKUHZ® O WERHFKWVLQIRUPDWLN
H U K H E/QWHFIKILHHMY Q Q WXHIQ W H Q FR®S K @/NBBHIVR YOI RUL WK EPXW H Q
"LFOHU|uHQ WDH B R M MK Q\E GEIHAM Q Q W H Q F RFPLHWR WZ QU X® N P
VRJHQDQERWEHIP R U L W X © XREIN WG H Q W.IRMP H S \WAK D Q W IS @ AVERHV

6 X SHUSRAMLEBWLEB-Q R W D WR BIH VMUKOROYHOW R U L VBKIBKGIX F K IXQ

VW UXNW R WIHHUEBH)® VEGYY F K O A X (QBE-IWDAH O 6 REUBD W K H P D IBL V F K
VLHU® H VR Q)RANUGUUD XE HQUH XHIN O 1 U X Q J VEPLHAN IORKBGEHIH L GIRP HQ V
QDOBQVW HQOEMR PSQMNHNW LR QNE A H WHHLVHFLKY HOUFRKLIWD @ K 0 FK

Z LU V S U » Q E@ MWAKDRIWLWVIK® X K DOQEBLHALKKHAUW/W | Q@ HF R Q G
UHBHOHYDUGLHHQW O HEKRID OWAMKBEDYVR Y 9 H V| D IDXHIRO VK H
9HUVFKO+VVHO XFXZA ANMKERSBHAR POWQ J I YU DWAE D W H QWK IHAKAH

X QBH U V@ U B BENHHUL MR IV ] IEWM WRIGHNVE IS ILWH G H XGAHARD QW HQ FRPS XWLQJV
G LHX N X)QO@ LR OGHN R Y$HJ R U L W K ENKMWG B X FOKXG LEHH VW H K H QB K Q

IR UG H UKIQ@H.QV HRIMHV F KOQWIH F K Q R @ R WALFROHY X QRHAGZ GX PG D V

YR GBM H Q | LHIMBHRK Q RIDRVJXH FK|STHQ

.H\ZRUGXDIKQW RP SXY\WMIHOURU L WKPIDW VWHOOXQJ

(LQOHLWXQJ

,P -DKUH YHUVXFKWH GHU EHU+sKPWH 3K\VLNHU 5LFKDUG )H\C
4XDQWHQPHEKDYXKQJ PLW GHQ :RUWHQ ]X EHUXKLJHQ GDVV QL
PHFKDQLN ZLUNOLFKAYHUKMHKHEZQUWGHHO\ VD\ WKDW QRERG\ »
TXDQWXP P#BKD@QFALVFKHQ VLQG YLHO Ht X0K3J RIKZRK® YHUJDQJF
GLH :HOW GHU 4XDQWHQSK\VLN QRFK LPPHU QLFKW YROOVWIQG
*UXQGODJHQ GRFK EHVVHU HUIRUVFKW XQG ]XQMKPHQG DQVFKD
DXV ZLUG VLH QLFKW PHKU QXU WKHRUHWLWRRBERKDQGHOW (UV
WHUQ H[LVWLHUHQ EHUHLWV XQG VLH N|QQWHQ GLH :HOW GH\
YXQNWLRQVZHLVH XQG 5HFKHQOHLVWXQJ JUXQGOHJHQG YHUIQGF

'RFK DXFK KHXWH EOHLEHQ YLHOH )UDJHQ RUHQ :DV JHQDX XQW
YRQ NODVVLVRAKG'Q: RAPEMNWHLIRIUH WKWPAHQ GHU EHU<KPWH *URYHU

' 7HFKQIS\QAKMHH O VQ MK B0 780 6 F KRRID W % EFDBQHAB B U WRPEKQ WL-B\P-H V
JUDQGWUD % H *DUFKEIIQFKBORQHO NH “HOKWXWSGH RUFLG RUJ

@®® DOI: 10.18420/rvi2025-109
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$OJRULWKBPRYJOLFKHQ HV LKQHQ LQ ULHVLJHQ XQVRUWLHUWHC
HVIJLHQWHU QDFK EHVWLPPWHQ (LQWUIJHQ ]X VXFKHQ"

*HUDGH LQ XQVHUHU KHXWLJHQ GDWH QJXW\OUHLHEKH Q@ HRK HUGIW LV W
9HUDUEHLWXQJ JUR%HU ,QIRUPDWLRQ\QRLHGMH @ XMR Q Q] HEHWU D O H |
WKHRUHWLVFKHQ ,QIRUPDWLN VRQGHUQ DXFK NQ SUD[LVQDKHQ
LQIRUPDWLN XQG 5HFKWVLQIRUPDWLN ,Q GHURUKHQWOLFKHQ 9F
IDQJUHLFKH 5HJLVWHU 'DWHQEDQNHQ XQG 9HUZDOWXQJVSURI]H\
DXVJHZHUWHW ,Q GHU 5HFKWVLQIRUPDWLN JHKW HV XP GLH VWL
MXULVWLVFKHU 'RNXPHQWH *HVHWHW $HOE B RGHU PIHWLFKW YV XU
VWHLJHQGHU 'DWHQPHQJH LPPHU NRPSOH[HU ZHUGHQ 4XDQWH
6XFKDOJRULWKPXV N|QQWHQ KLHU QHXH 0D%VWIEH VHW]HQ LQG
XQVWUXNWXULHUWHQ 'DWHQEHVWIQGHQ GUDVWAYFK EHVFKOHXCG
EHLWUDJHQ

$OOHUGLQJV ELUJWSIHRNGEMW IGRHXYV *DRFKH W LFKHUKHLWVUHOHYDQW
UXQJHQ (U NDQQ V\PPHWULVFKH 9HUVFKO*VVHOXQJVYHUIDKUHGQ
GHU |[uUHQWOLFKHQ 9HUZDOWXQJ RGHU LPH®XUJLAWWLMBEBKHQ .RQWI
'RNXPHQWHQVLFKHUXQJ RGHU 'DWH Q « EHHUWWUFBDERY HO®H X WO L FK
NODVVLVFKH $OJRULWKPHQ =ZDU UHGX]LHUW *URYHU GLH .RPS
0D% DEHU HU EHV)RUBHXQ LAY YEHDOMX W HW GG BIVKHE\W W H P H

DOV VLFKHU JHOWHQ GXUFK 4XDQWHQDQJULUH SRWHQ]JLHOO Y
YHUZDOWX® M FKWV-BMJRHPQHH GLH KRKH $QIRUGHUXQJHQ DQ 'DW
9HUWUDXOLFKNHLW XQG ,QWHJULWIW VWHOOHQ LVW GLHV HLQ F

U GDV 9HUVWIQGQLV YRQ 4XDQWHQFRPSXWHUQ LP $OOJHPH
$OJRULWKPXV LP 6SH]LH OLGHE@XIQNNE GLLQY EXQG I8P UGMHHURIW DEVWUD
PDWKHPDWLVFKHQ .RQ]JHSWH JUHLIEDUHU ]X PDEKHQ ZLUG LQ G
PHQVLRQIN®DHUXQJVDQVDW] YHUIROJW 'XUFK HLQH DQVFKDXOLI
JHQWUDOHQ 2SHUDWLRQHQ YRQ *URYHUV $OJRULWKPXV LP YHU
5DXP ZLUG HV P|JOLFK VRZRKO GLH DOJHEUDLVFKHQ DOV DXFK
GHV $OJRULWKRKKEDPFEKYP®FKHQ 'LHVH QHXHWHUDQVFKDXOLF
OHLFKWHUW QLFKW QXU GHQ =XJDQJ ]XU NRPSOH[HQ 4XDQWHQP
SUD[LVQDKH '"HQNDQVW|%H l+U GHUEA U QZIHRAIGOWHER )DFKJHELH'
OLFKHP RGHU YHUZD ®WMQIVWHFKQLVFKHP

AXEEWGLH 5HFKHQHLQKHLW? LQ 4XDQWHQFRPSXWHU

$QDORJ |]X ANODVVLVFKHQ?® &RPSXWHUQ GLH PLW %LW UHFKQHC
5HFKHQHLQKHLW 4XDQWHQELWY DEJHN.U]W A4XELWV? [XJUXQGH!
HUOIXWHUW LKUH WPWDWKAHEFPOWIL\DFEKWH 9BNWRU VRZLH GLH VRJHQ
IRWDWLRQ® EHVFKULHEHQ XQG DXI %YHVRQGHUKHLWHQ EHL GHU
JHQ



I Einfiihrung in die Mathematik der Quantencomputer 183

(UOIXWHUXQJ 4XELWYV

(LQ 4XELW LVW GLH NOHLQVWH 5HFKHQHLQKHLW EHL TXDQWHQ
*HJHQVDW] PKHN® DMWY GLH GLH =XVWIQGH A 3 XQG A 2 DQQHKF
4XELWV ]XVIW]OLFK GD]X LQ GHU /DJH 1+U HLQH EHVWLPPWH 'D
DXV 1X00 XQG (LQ¥*HL@KOHKBKORPHQ QHQQWLPDQ DXFK AB6XSH
WLRQ3® 'LH )IKLINHLW GLHVH =ZLVFKHQ]XVWIQGH DQ]XQHKPHQ
JOHLFK]JHLWLJ DXV]XI*KUHQ LVW HLQH GHU *U*QGH ZHVKDOE 45X
VLQG (LQ ZHLWHUHU *UXQG IsU GLH EHVRQGHUH /HLVWXQJVIIKLJ
GLHXDQWHQSK\VLNDOLVFKH 9 GYRAKYRQNK®EHWURWQ (4 QMWL Q DXFK
AVSXNKDIWH )HB (@ HWMXOKQHW ZXUGH

'DUVWHOOXQJ GHU 4XELWY DOV 9HNWRU

OLW %OLFN DXI GLH JXJUXQGHOLHJHQGH ODW&{@DWLN NDQQ HLQ

IERU D' GDUJHVWHOOW ZHUGHQ GRV 8XKEHWQDFRXQHZUNBRUGLQ
WLRQRIHIRUPW

&L @gAL u, @AE U, @EA(

=XGHP LVW ]X EHU*FNVLFKWLJHQ GDVV GLH 6XPPH GHU 4XDGUD\V
=DKOHQ HUJHER Q@P XV V

USE USL ¢
1XQ NDQ®YPNOLQOAKYWHP ]ZHLGLPHQVLRQDOHQ 'LDJUDPP GDUVW
)
4 1)
1

1)
yﬁ ) A
1 — a7 ((1)) -1 |0)

1
& a 1

1 .-

$EELOGXQUVWHOOXQQ $EELOGX@NOIUXQJ OH@\
KHLWVNUHLYV KHLWVNUHLYV

28QWHU GHU TXDQWHQSK\VLNDOLVFKHQ 9HUVFKUIQNXQJ YRQ 4XELW YHUVWHKW F
OHUELQGXQMNKHEMIEKHGLH GD]X I*KUW GDVV VLH VLFK JHIJHQVHLWLJ EHHLQAXV V|
KDW GLH 9HUIQGHUXQJ HLQHV 4XELWV GLH JOHLFK]JHLWLJH 9HUIQGHUXQJ GHV E’
GHU (QWIHUQXQJ ]XU>ROJ® 9JO KLHU]X
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‘HIJHQ GHUUSHJHMOsPXVV GHUGSSDIINWRHUP (LOQKHLWVNUHLY OLHJHQ
vauv po9

'LUDFo-UBW 1RWDWLRQ

,Q GHU 4XDQWHQSK\VLN ZHUGHQ 4XELW¥ VR QGHW G HIM @ MU FKW L
'LUDLR WD W LR Q. RBRIW DXWULIR QHYONULHEHQ 'LHVH YIRQ 3DXO 'LUDF
FNHOWH 1RWDWLRQ XQWHUWHLOW VLFK LQ A%UDV?® =HLOHQYHN

'LH %DVLV]XVWIQGH HLQHV 42(LE@WX/QEI§:ILU@A¢I@DDO)H/VW-IN\O/OW
BRPLW NDQQ HLQ DOOJHPHLQHV 4AXEEWrJHYFULHEHQ ZHUGHQ DC

)*U PHKUHUH 4XELWV ZLUG %LV SIRVODAZ HR QHHDEBGWE UWHL 4 XELW
=XVWDPsQGDUJHVWHOOW %HL GHU OXOWLSOLNDBMLRQ YRQ %UDV P
ODUSURGXNWaSVIBILO WK BIWVBRYLHEHQ ZLUG OXOWLSOL]JLHUW PDQ k
.HW PLW HLQHP %UD LVW GDV (UJHEQLV HLQH ODWUL[ O ZDV HLC
'LH 'LUBRWDWLRQ LVW LQ GHU 4XDQWHQLQIRUPDIWLN HLQH JIQJL.
VAK2SHUDWLRQHQ

OHVVXQJ

'LFKWLJ LVW GDVV HLQ 4XELW ]ZDU ZLH JHVHKHQ <EHU 1X0O X
GHQH =ZLVFKHQ]XVWIQGH DQQHKPHQ NDQQ GDVV GDV 4XELW D
DOVR HLQHP =XJULu HLQHQ GHU EHLG®IP GEFKYSHUWHQ =XVWIQG
'DV OHVVHUJHEQLY ZLUG GDQQ LQ Kk %D|PRE HVKHHQ 9OUWYW HV S H L
VLFK GHU 9RUJDQJ G HIHWVHVUSIKNE BE QBEGRE@N O IUHQ

:LH LPPHU JLOW GLHIORUD%VVRBRHKQPIPE® U® DXFK DOV
:DKUVFKHLQOLFKNHLWHQ VHKHQ NDQQ 6RPLW ZIUH GLH )RUPHO

2E2 LY

+LHU DBIOW GDKHW PXWMHLRUDXV NDQQ PDQ IROJHUQ GDVV PDQ
JHU HtROIV HIPGIWVHQ Z+UGH

*URY$I@IJRULWKPXV LQ 4XDQWHQFRPSXWHUQ

OLW GHQ JHZRQQHQHQ (UNHQQWQLVVHQ *EHU GLH %HUHFKQXQJ
XQG GLH )XQNWLRQVZHLVH GHU 4XDQWHODWWWUHY MNRYBEHVRQG!
PDQ HLQHQ GHUOZRKMWLKRKMGHU 4XDQWHSQBRPSEWWHAKY GHQ *URY
EHWUDFKWHQ 'LHVHU ZXWRHU LYN\RIDQ GHFKHQ GKMRKPDWLNHU /RY *
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HOWZLFNHOW XQG LP -DKUH @ YHU|UHQWOLFKW

(LQOHLWX QIO IRRINMHWK P XV

'HU $OJRULWKPXV YRQ *URYHU LVW HLQ )XQNWLRQVLQYHUWLHU
GDVV PDQ GDV (UJHEQLV EHUHLWVY NHQQW MHGWFK QLFKW GDYV
WHOW IROJOLFK GHQ SDVVHQGHQ (LQJDQWLXH KW HEWHKHQJHEHQH |
¢QGHW PDQ ]X

UL B:TY
GLH 8PNHKUIXQNWLRQ
TL B’5:U/

(LQ ZLFKWLJHU $QZHQGXQJVBBURUEW KPX VG HQW* WGRHH XU FK V X FK)
XQVRUWLHUW HUH D@ BQEDMNMIQVFKHV %HLVSLHO LVW GDVV PDQ
HLQHU XQEHNDQQWHQ 7HOHIRQQXPPHU HUKIOW XQG ZLVVHQ P|F¥

FZf ee—oldB foiy
leKUW ]X
fetL B t7f ‘ee—ewt”

'D GDV (UJHEQLV EHNDQQW LVW 7HOHIRQQXPPHU NDQQ PDQ G)
RQ GHQ 1DPHQ HUPLWWHOQ

$QGHUH SUDNWLVFKH $QZHGOGIRUVWIORXNUVG DG $XRYHWDHQ GLH .|
WRJUDSKLH NRQNUHW VHLQ (LQVDWNEMNRGHXP(QWEAK®Q/ GH B X Q
/IVXQJ YRQ 2SWLPLHUXQJVSUREOHPHQ G K GLH 6XFKH QDFK GF
>+R @ *HJHQVDW] ]X MOORUVEBVHIRWQWKPHQ NDQQ GHU *URYHU
$OJRULWKP XV WLL\QRK H ¥BI®BRZLQGLINHLWVYHUEHVVHUXQJ ELHWH
AXDQWHQDOJRULWKPXV KHUN|PPOLHF K®BDKWNVERNMHRHLEHUOHIHQ
*URY#HOWRULWKPXV HLQ SUREDELGEVW®VEFWHEKLSMMW PLLWK POXK/ LV W
VFKHLQOLFKNHLWHQ 'LHNRKHE&HXKKWWF KGDL\QWO HEM RHWW GDV NRU L
JHEQLV ¢QGHW

'LH *UXQGLGHH $®HR FILRKPXV EHVWHKW GDULQ LHLQH 6XSHUSRYV
FKHQ =XVWIQGH GHV 6\WWHPV ]X HUJHXJHQ XQGHGDQQ GLH :DKU
UHQ GDV JHVXFKWH '((GHH/P BIQUG |G XUFEHRLH $QZHQGXQJ YRQ VRJF
A*URYWHUDWLRQHQ3® HUUHLFKW ,Q MHGHU :LHGHUKROXQJ ZLUG
(OHPHQWY YHUVWIUNW LQGHP PDQ HLQH 6SLHDHOXQJ GXUFKIsK
GHQ GHU DQGHUHQ (OHPUW @WHJIDIQU UALQUG W@ RUWVEXUFKJHI<KUW
‘DKUVFKHLQOLFKNHLW GDV JHVXFKWH (OHPHQW ]X ¢QGHQ P|J
KHUDQNRPPW

'HU *URBOHBRULWKPXV EHVWHKW DXV GHQ 6FKULWWHQ 'HU 6XSHU
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GHU ,QYHUVLRV¥RS@HIJHOXQJ

BEKULWW 6 X'SHUSREILWN. RZHUGHQ ]XQIFKVW LQ GLH 6XSHUSRVI
'DUXQWHU YHUVWHKW PDQ GDV TXDQWHQPHFKDQLVFKH 3ULQ]LS
PHKUHUHQ P|JOLF KT K= O\QGIIDGHH® = X VoX (D88 HHQL B & Y HQMHWD

NDQQ VRODQJH NHLQH OHVVXQJ HUIROJW )RUPDO ZLUG GLHV G
ACEHVFKULHEHQ >*U @

s 678
aL— i T¢
D san
-HGHU % DVIMIKRSWD/HI®WLHUW KLHUEHL HLQH P|JOLFKH .RQ¢JXUD
JOHLFKPI|%LJH 9HUWHLOXQJ GHU $PSOLWXGHQ VWHOOW VLFKHU
:DKUVFKHLQOLFKNHLW LQ GLH ZHLWHUH 9HUDUEHLWXQJ GHV $01J

6FKULWW 'RVDREM@QWH A2UDNHO3® LVW YHUHLQIDFKW JHVDJW F
HLQH $UW 3U*IURXWLQH GLH DOV HLQH YRQ DX%HQ QLFKW ]XJ
>+R (® LGHQWL¢]JLHUW GDV JHVXHKEKWO DONRHE@WBOGDW LQ GHU 5
ZLY@&@HL GHU $QZHQGXQJ GBY RUQNRA ®HHWEREH JHOW GHU ]ZHL
WHGLQIXQJIJHQ HiXIPOHOLHXH @ XPWYV HU RUWKRJIRQDO ]XP LGHQWL¢]!
XegVWHKHQ XQG ]XP DQGHUHQ PXVV HGHQ FE LEEXYBBEUVHOEHQ (EH
X¢eDXIJHVSDQQW ZLUG 'DGXUFK ZLUG HLQH ,QYHUWLHUXQJ GHL
9HNWRUV YRUJHQRPPHQ 'DV HUIROJW PLW GHY QDFKIROJHQG E
>/ @

L @ XeaX!

BFKULWW ,QY HU VLR Q\QNHUB\HHRIXMY.RIQH JHOW VRGDQQ GHQ H
JHIWVHQ 9HNMIRQY GHP 6XSHUSR®K®YGRAGAYHKWERGDPLW GHQ HUJHXJ!
IHNWRE XU ULFKWLIRQLESEX Q@H GDI+U QRWZHQGLJH 2SHUDWLRQ L

oL CGOF +#

BFKULWW ]ZHL XQG 6FKULWW GUHL ZHUGHQ ]XPHLVW ZLHGHUKRO
JHVXFKWH (OHPHQW ]X ¢QGHQ ]X PD[EPUH@HQ$SWRA@HQDQQWH ,W
(QGH GHU 'XUFKI*KUSQJREHWKBRYHUIROIJW GLH OHVVXQJ XP GD
(OHPHQW ]X*yQ@&HQ

'DPLW OIVVW VLFEIBHUWMKRNWWODIW LQ HLQHU =HLOH GDUVWHOOH

L » x G

ZREHL GLH ,WHMtDWDRQZLHGHUKROW ZHUGHQ XP GDV (UJHEQLYV
UHQ

®'HU 1DPH AZLQQHU® EH]JHLFKQHW GHQ A*HZLQQHU®* DOVR GDV JHVXFKWH (OHPHC
“*6LHKEBWHQ GLH H[DNWH (UOIXWHUXQJ ]XU HUIRUGHUOLFKHQ $Q]DKO GHU ,WHUDV
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9HUHLQIDFKWH "XUFKI-KUXQJ LP GUHLGLPHQVLRQDOHQ 5DXP

'LH DEVWUDNWH 'XUF K $®&IRWQLWERX VURKYHY VEFKQHOO ]X XQ<EHUV
ODWUL]JHQ GD PDEHWVLUEKLVEXKROWY LQ HLQHP YLHUGLPHQVLRQDC
NRPSOH[HQ =DKOHQ EHZHJW 0DQ NDQQ DEBURGLWKRRWWLRQVZH
DXFK YHUHLQIDFKW LP GUHLGLPHQVLRQDOHQ 5DXP GDUVWHOOH(
GDVV GLH 9HNWR UHQW@RUM © GIHWV GWHKLKE DRHQVLRQDOHQ 5DXPV VL
4XELWV ZDV DEHU I+U GLH PDWKHPDWLVFKH %HWUDFKWXQJ LU
ZLH EHL 4XELWV JHQRUPW DXI| (LQKHLWVYHNWRUHQ GHU /IQJH
XQWHQ GHEOIBBEYWKPXVHDPOGKEBWOKULHEHQHQ 6FKULWWHQ GXU
'DEHL HUIROJW ]XU 9HUB @& Y FKDDUGNFAHPODIX QI H. P GUHLGLPHQVLRQ|
5DXRQG LP $QRDQHGLRHVEKOH Y D-Q WHWPWIHAKQX Q J

6XSHUSRVLWLRQ JHRPHWULVFK EHWUDFKWHW

,P GUHLGLPH@XFRADOIHIHOW? PDQ GHQ 9IHSWIRWHHRXMN XP f YR
IXUSFKVH XQG A<EHUODJHUNMEW R W HBHPQ KHF KOLH% HQG ZLUG
GHU 9HNWRU KRFK XP f LQ 5&FKWXQH VGH B JSHROWL W DYH @ \HQW VW
GDV IROJHQGHR GDBHALPBI®@ VL

$SEELOGXQRYBURULWKPOWVYQRHOOXQJ

,Q HLQHU WKHRUHWLVFKHQ $PSOLWXGHQGDUVWHOOXQJ JHJHQ
DQWHLOLJ 1+U MHGH $FKYH BIEQW BRSEMXGAFKYRQJIHQGHYV %LOG
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6 [ O
X y z

$EELOGXPBEOLWXGHQGDUVWHOOXQJ

(V JHLJW VLFK GDVV GLH $PSOLWXG'®Y NRUEH BXYW I 2U@NEB R ZH

LVW GHU QIFKVWH-$6ERUWWKBNKY *URYHU

2UDNHO JHR HANNJWLAKAK HEV

*HRPHWULVFK EHW GDNK MHIWOH@Q WVBEEHUPKWJ Q GHQHP 9HNWRU
RUWKRJRQIDWOV]XQG VLFK LQ GHUVHOEHQ (EHQH LP %LOG XQWHQ
r

ZLHEEH{QGHW 'HAtLIsHNHURW OW GLHVH (LJH QBGHK BolMOHXQ

IROJ

S
YHUDQVFKDXOLFKW GLH 6SLHJHOXQIQ GHM BN B HW IS RWE MH.AR XWPY H N

f DXke

$EELOGX6BLHJIJHOXQJ GIH $EELOGX3HUVSHNWLYL\V
RQVYHNW®RUYV DQ 6SLHJOXQJ GHV 6XSHU SE

SHUVSHNWLYLVFK JHIJHLFKQHW LVW GHXWOLFK HUVLFKWOLFK

VWDWW¢QGHW

GELC

(V LVW HUNHQQEDU GDVV VLFK DOOH'HHNMRMARHKHLQ HLQHU (E
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Fs

XL x+¢L—=msqKDW GDQQ LQ GHU $PSOLWXGHQGDUVWHOOXQJ HLQ
S
E HIL

Absenkung des
Mittelwertes

$EELOGXBLHIJHOXQJ LQ GHU $PSOLWXGHQGDUVWHOOXQJ
'XUFK GLHVH 6SLHIJHOXQJ ZLUG VRPLW;@;
5

5
FJ%(FI%NIWHOZHUW GHU $1
7Yl

DEJHVHOQNRVGHU 6XSHUSRVLWLRQ XQG GHP 2UDNHO LVW GLH ,(
GULWWH 6FKUSEWVIMR GIHWVKPRXR/Y HU

, QYHUVLRQ JHRPHWULVFK EHWUDFKWHW

'"HU HUJHXJWH«ZHNWRIQ GHP XUVSU+*QJOLFKtDHBEEHUSRVLWLRQV
JHOW ODQDIRAIWHRBWY GUJHEQLY LQ GLK¢5LFKWXQJ GHV :LQQHUYV

4

$SEELOGXQBKXQ} DQ

,Q GHU $PSOLWXGHQGDUVWHOOXQJ OIVVW VLFKHGDV DOV 6SLHJC



190 Lionel Kehl

VHQNWHQ GLWWHIOIVGMAKDXOLFKHQ 'XUBK GGH RESUNIHOW®J ZLU
"LQQOMWNWRIQWHLO YHUVWIUNW XQG GLH DQGHUHQ =XVWIQGH DE

+

1 1
______________________ —=t==
3V 33

2w

@l
@

3

>
le
il

Spiegelung 1 Spiegelung
an Vs an
1 A==t

1

$EELOGXQIDOH $PSOLWXGHQVSLHIJHOXQJ

,Q GHP KLHU EHVFKULHEHQHQ NRQNUHQWBR ¥ HZKISLHO VWHLJW G

UHGGH DQGHUHQ \ XQG ] $QWHLOH DEJHVFKZIFKW ZHUGHQ 'DPL\
VFKH 'DUVWHOOXQJ GDVV GHU 9HNWRU LP YRUOLHJHQGHQ %H|
VHLQHQ JHZ*QVFKWHQ =LHO]XVWDQG HUUHLFKWH :HLWHUH ,WHUL
KHQ® GDK :DKUVFKHLQOLFXNHUWLEHWURQQHUYV

$Q]DKO EHQ|WLJWHU ,WHUDWLRQHQ

‘HQQJOHLFK LP REHQ GDUJHVWHOOWHQ %HLVSLHO ]XU YHUHLQII
,WHUDWLRQ IU GHQ JHZ*QVFKWHQ =LHO]XVWDQG DXVUHLFKWH
GHU 5HJHO GHOURWIRWKRXY PHKUPDOV GXUFKJHI*KUW ZHUGHQ X
(UJHEQLV [X>HDKB®OWHBUHFKQXQJ GHU $Q]DKO GHU QRWZHQGLJ
EHWUDFKWHW PDQ GLH (EHQ#HX Q3L K6 YR @ XGHIR SRFQWURQVYHNWR L
DXIJHVSDQQW ZLUG

'DPLW PIPQJOLFKVWMAKK QB UHKW3 PX-?/R/&GI—ULO)L:EQMWONOHLQ
ZHUGHQ 'LHVHVVWQWHX PLW GHU 6WDQGDUGIRUPHO I«U HLQHQ ¢
'LQNHOQ EHUHFKQHQ

860;/
s,O

e .
7K@ F aAL
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|s")

A |5)

TR

B

lw)
$SEELOGXQIUHKZLQNHO EHL *URYHU

'D HV VLFK DEHU XP QRUPLHUWH (LQKHLWVYHNWRMMHLUQ KDQGHOW
YHUHLQIDFKW ZHUGHQ

e B C
?KQFaAL S !

'LH DXIJHVSDQQWH {MEXQ& HUZILVEWH®RDV 6a B;GHWS BHRNEW N W
UH;% ‘D I*U GHQ 6XSHUSRVIOMLR@QVYHNWRU
c?5
GL—1 Te
3/5@;@4
XQG I+U :LQQHU )ROJHQGHY YRUDXVIHVHW]W LVW

TULréTMSEJJe\N
TyL s&TL SEJJAN

HUJLEW VLFK ]JZLQJHQG

ScL\

5
BSO;L%#

'DUDXV IROJW GLHVH *OHLFKXQJ
?K@F aAL OEa;L%/ / /

)*U JUR%H 1 HUJLEW VLFK -QbK® & X\QW\EXBHKWH NGBNY LVW YH
ZHQGHW PDQ GLH .OHE®@RL@NHOQIKHUXQJ

— N a

¥0
%YHWUDFKWHW PDQ QRFKPDO GLH 6SLHJHOXQJ LP ]JZHLGLPHQVLF
HLQH "UHKXQJ IROJHQGHV %LOG



192 Lionel Kehl

Is")
Uyls) A

—
|0

|s)

——0 UsUy |s)

»

lw)

$EELOGXQRPSOHWWH "UHKXSQJJRHLW KPRYHU
"HQQ QXQ HLQHNSGQIHKE OOR@IHQ G X-WRKEJEHI3 K UOUWVAL U3H U
:LQNHO (ZLoR@yQaGJOHGE 'DEHL VROO P|JOLF:‘I€\AW ZLHGHU H[DN\
HUUHLFKW ZHUGHQ ZHVKDOE GLH+@DKKIROJHQGH %HGLQJXQJ JL:
e
—tFaL G ,ta
e s
— F-L G
va t
6HW]W PDQ QXQ%NH HLIKQHWHAUQJLEW VLFK IROJHQGHYV

e s €& — s
F-L—3% F-NG
— b v t

§20
'DGP3LVW ZLUG JHUXQGHW XQG HV HUJLEW VLFK

GNé%F—oneGl%
\Y

'LHV EHGHXWHW -GDVYRUGWWKPYX\RSHIBRSWRHWDRQRQ XYW XP GDV
JHVXFKWH (UJHEQLV ]X EHNRPPHQ 'DPLW LVW HU ZHVHQWOLFK
$OJRULWKPXV GHUS LWHKNDMORRKHQQ VEWDXFKW XP ]XP (UJHEQLV 1>
%HL HLQHU KRKHQ $Q]DKO DQ 'DWHQEPQNHIFQWWERRV]HLIW GD
HLQHQ NODUHQ *HVFKZLQGLIJNHLWVYRUWHLO 'HU ODWKHPDWLNH
GDVV GHWOURVYHWKPXV LP 9HUJOHLFK ]X DQGHUHQ $0OJRULWKPI
XQVRUWLHUWHQ 'DWHQEDQNHQ GLH JHULKJVMWHMWDOLWKK $Q]DKO
9HUVXFKHQ >0 Z@®LVW

5/ . *URYMNXKK JH]HEOWE DG DASW LEHYP PDW HUZDWWH®@ NDQQ
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S9RUWHLOH XQG 1DFK$DOHRWH VEKIR/ XYW RYHU

'"HU HQWVFKHLGHQGH 9RUWHLO GHV 4XDQWHQFRPSXWHUV LP 9H
WHUQ LWWKZL®GHINHLW (V LVW GHU RSWLPDOHU$SOJRULWKPXV It
WHQ 'DWHSED Q@& HQ

9HUDQVFKDXOLFKHQ OIVVW VLFK GLHV JXWJRQKWEBXFHY HLQOHI
EHKULHEHQHQ %HLVSLHO GHV 7HOHIRQDQUXIVUODQ VLHKW GLF
GLQJV QLFKW ZHU DQJHUXIHQ KDW 'LH XQVRUWLHUWH 'DWHQEL
]XU 1XPPHU JHVXFKW ZHUGHQ KDW EHLVSLHOVZHLVH OLOOLDL
GHU WL@HP %UXWH )RUFH $OJRULWKPXV BUEHUWWWREHQXFKW G

DOVR FD OLOOLDUGHQ 9HUVXFKH XP DXI| GDV ULFKWLJH (UJHE
GD]X EHQ|WLJW HLQ 4XDQWHQFRPBXIWHP XE@ HUHB BIHQ GHRW HQ X U

,WHUDW/QRR FD 9HUVXFKH XP PLW VHKU KRKHU :DKUVFKI
ULFKWLJH (UJHEQLV ]X NRPPHQ 'DV KHL%W GHU 4XDQWHQFR
$OJRULWKPXV LVW UDFEEBHKRFKIMOOHU DOV HLQ NODVVLVFKHU $C

-HGRFK JLEWQRFIGHDPKWHLOH E]Z +HUDXVIRUGHUXQJHQ EHL C
AXDQWHQFRPSXWHUV (LQH +HUDXVIRUGHUXQJ EH]JLHKW VLFK YI
7HFKQLN EHL 4XDQWHQFRPSXWHUQ 8%$098URWKRPKRHDXYLH GHQ

l[*KUHQ ]X N|QQHQ EHOQIWWXQJIDIKLHIHQHOXDBWHQFRPSXWHU PL\
FKHQG YLHOHQ 4XELWV XQG HLQHU ODQJHQ .RKIUHQ]JHLW DOVR
4XDQWHQ]XVWDQG EHKDOWHQ N|QQHQ 'LH .RKIRHQ]]JHLW LVW MH
WI\SHQ YRQ 4XDQWHQFR P SXMWHULY NOHUWU XQG6 WHWUX®IJHQ QRFK EH.
BRPLW NDQQ PDQ QLFKW ODQJH PLW 4XDQWHQFRPSXWHUQ DUEH
XQG IHKOHUUHVLVWH QVRI HAXDWQMWRHID® WRSOHRBGWLHUW ZHUGH
AXELWV ]X PDQLSXOLHUHQ XQG KAH® $OLHRW LWWPERNVVE&MNUFBXFK Q)
EHJUHQ]W>RBELO I@ K

.RQNUHW EH]RJHQ-BRIRAIHWKBBYHUHLIJHQWOLFKH +HUDXVIRUGH L
2UDNMB2 @ PXVV HV]JLHQW XQG XPNHKUEDWWNEBRQHED® EHGHXW
EHUHFKQHW XQG OHLFKW UsFNJIQJLJ JHPDFKW ZHUGHQ NDQQ 'L
2UDNHOV LVW MHGRFK VHKU DQVSUXFKVYROO LQVEHVRQGHUH
)XQNWLRQHQ (V VLQG PDQFKPDO ]XVIW]JOLFKH 4XELWV RGHU 4X
GDV 2UDNHO ]X LPSOHPHQWLHUHQ ZRGXUFK ZLHGHUXP GLH .RI
HUK|KW ZLUG :HQQJOHLFK-$QHR URUKHX G HWD EKRROW]LHKEDU LVV
LQ GHU 3UD[LV GHU]JHLW EHL NRPSOH[HUHQ )UDJHVWHOOXQJHQ
PD@DV 2UDNHO AEDXW?3 (V ZLUG QRFK =HLW XQ® )RUVFKXQJVDUE
ULH GHV$QURYHWKPXV DXFK le+U NRPSOH[HUH $QZHQGXQJHQ LQ ¢
WHQFRPSXWHUQ XP]XVHW]HQ

7TUR®/NHVHU +HUDX¥RHULENMN XGHITHQRWR YHWP X @IH QH/HLQHV
*HVFKZLQGLIJNHLWVYRUWHLOV JHIVMAKEHYLNO DMV VBRKH®& QG RUQ(
KD&DV 3RWHQ]LDO LQ ]JXN*QIWLIJHQ %HUHLFKHE GHU 4XDQWHQI
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ZDQGW ]X ZHUGHQ

)D]JLW XQG $XVEOLFN

=XVDPPHQIDVVHQG OIVVDW W LGAKH | HHOMW VBRI O4XQD QGVHQFRPSXWH U
EHU*KPWHQ :RUWHQ YRQ 5LFKDUG )H\QPDQ LP -DKU JUR%H )|
‘:DV HLQVW DOV XQYHUVWIQGOLFK XQG P\WWHUIHV JDOW LVW KF
PDWLVFK DQDO\WLHUW YRLXKKD @ HWUHLWWY Q6 NWHLNGFKH K P BIHV HW W

(LQHU GHU EHGHX$\HRGH QY KXDQ WY FBH W KPRYH YU JLHOW GDUD X
DE LQ XQVRUWLHUWHQ 'DWHQEDQNHQ GLH ULFKWLJH /|VXQJ H\
TXDQWHQPHFKDQLVFKH 6XSH WS REXWLKR QUWHU® W IURPQJ ¥ REKWUB NH O
,QYHUVLRQVVSLHJHOXQJ GLH EHQ|WLJWHQ 6FKULWWH I+U GLH 6X
JOHLFK ]X NODVVLVFKHQ 6XFKDOJRULWKPHQ GUDVWLVFK ]X
$OJRULWKPXV ZXUGH GLH ]XJUXQGH @UDHIWQ & H VOUXQIGHPAWIH LP
HLQIDFKXQJ LP GUHLGLPHQVLRQDOM @ GHXP) BVIFKEMFK HUOIXWI|
GLH YHUHLQIDFKWH DOJHEUDLVFKH %HWWRZEKWXIOY LP GUHLGLPI
]XU SUDQWHIUWFKHIXQJ GHUBLIPRDWIWN.R@&HV $OJRULWKPXV PLW
AXEIPWW +LOIH HURMERREWHU

'RFK MHQVHLWY GHU PDWKHPDWLVFKHQ (OHJDQ] OLHJW GLH HLJ
WLIJHQ $QZHQGXQJVP|JOLFKNHLWHQ *HUDGH I+@® GDWHQLQWHQV
WXQJVLQIRUPDWLN XQG 5HFKWVLQIRUPDWLN N|QQWHQ 4XDQWH ¢
HQWVFKHLGHQGHQ )RUWVFKULWW GDUVWHOOH® 6R N|QQWHQ VI
@VHQ GHU $QDO\WH NRPSOH[HU 9HUZDOWXQJVSUR]JHVVH RGHU
MXULMWLRRNKPHQWH QHXH (VILHQ]SRWHQ]JLDOH HU|UQHQ $XFK E
QHXHU NU\SWRJUD¢VFKHU 9HUIDKUHQ-]X®G6 BK¥WWVERWHEOHU 9
ZHUG@KQ QWHQLQV S IHLLQH BRIOQMN WBLHH O H Q

,Q HLQHU =HLW LQ GHU 'DM®JH LYH UP-RED U W|I%HLU HHIU [uQHW GLH ¢
VFKH 1XW]XQJ YRQ 4XDQWHQFRPSXWHUQ PLW +LOIH YRQ $QZHQ!
*URYHOWRULWKPXV ZHLWUH L FKIHVOVEH @0 ) DQ KM MIXEKQ H L Q
,QWHUQHW GHU 4XDQWHRRRPRNWIBIYMRWLWE OIREDIQZHQGXQJIHC
QRFKRDDWLWHUQ : Z+U@HH (UIRUVFKXQJ XQG (QW@LFNOXQJ YRQ 4)
FRPSXWHUQ LP $O0OJHPHLQHQ VRZLH $OJRULWKPHQ ZLH GHP YR
GDKHU YRQ HQWVFKHLGHQGHU %HGHXWXQJ XP GDV YROOH 3RW]|
HUVFKOLH%HQ
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ILWHUDWXUYHU]JHLFKQLYV

> % D@

> % W@
>(% @

>* @
>*U@

>*U@

>+R@

>. D@

>/ @
>/H@

>32 @

>5 @

>66@

>66: @

%DQNMXDQWXP OHFEKDQMWYRGXFWLRQ 7D\ORU )UDQFLV %RFD
5DWRQ /RQGRQ 1HZ <RUN

ULHIHOHWARDQWXP FRPSXWLQJ ZLWK QHXWUDO DWRPV

(LQVWHLQ $ $OERHLUQV OLQVWHLQ OD[ %RUQ %ULHIZHFKVHO
/IDQIEQOOHU 0:QFKHQ
*HKUNH -3 .|EHOREBHBQHUMIYWIXNWH U

*URYHU & IDVW TXDQWXP PHFKDQLFD/HDOBRUEWKP IRU GDWDE
+

*URYHU 4XDQWXP OHFKDQLFV +HOSV LQ 6HDUFKLQJ IRU D 1HHC
+D\WVWDKHANVLFDO 5HYLHZ /HWWHUV 6

+RPHLVWAXD QWXP &RPSXWLQJ Y HUQEZHIQHX QUUHQ GODJIHQ
3HUVSHNWLOHKU ®E HZHJ :LHVEDGHQ +HLGHOEHUJ

.DVLUDMBQG®HPHQWDOV RI TXBRWXP FR& BSHXOFMWQLFH
6SULQJHU 1DWXUH &KDP 6ZLW]JHUODQG

/. *URYHDGHRuV LQ WKH TXDQWXP VHDUFK DOJRULWKP 6

/HQ]H OBWKHPDWLN XQG 4XDR\RAP IGRIFEXWhLBUOLQ %H
oLQ

BURQLQ & % 2VWYRRXRBLYIDDWKHPDWLFDO 2UDFOH )XQFWL
IRU *URYHU 4XDQWXP 6HDUFK $OJRULWKP DU;LY

5 JHKQPBD@KDUDFWHU RZ SK\VERBMNBVY ODVVDFKXVHWWYV

BWXUP 7 ) 6FAKX@WMKP-&RPSXWDWLRQ DXV DOJRULWKPLVFKH L
20GHQERXUJ 0:QFKHQ

6ZDQ 0 6DQWRYV 5 43X D® W XPVRMRPS¥WANIEORF
FKDLQV DQG GHMS ®HWIRWLY VRDOG 6FLBQWLLF 1HZ -HUVH\
GRQ 6LQJDSRUH %HLMLQJ 6KDQJKDL +RQJ .RQJ 7DLSHL &K

‘HKQHU 6 (ONRXVV4XD@WXPRIQWBHUQHW $ YLVLRQ IRU WKH
DKHDG 6FLHQFH 1HZ <RUN 1 <

=DONDUKYHUYV TXDQWXP VHDUFKI1QY IDFDI®R BHWKIRZLYV RSWLPDC
$ 6 =+
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$QKDQY¥OIJHEUDLVFKH %YHWUDFKWXQJ GHV *URYHU $0.

$OWIIQIXQJ XU JHRPHWULYV F OH® | REDIGHH O O RRY Bl Z 1I$0G Q
ULWKRXVHUHLQIDFKWHU )RUW DRQBEJZDILVER B H\W UDUFHIW 6IF KU LW\
6XSHUSRVLWLRQ 2UDNHO XQG ,QYHUVLRQ

6XSHUSRVLWLRQ DOJHEUDLVFK EHWUDFKWHW

0DQ EULQJW HLQHQ (LQKHLWVYHNWRU GDV 4XELW LP GUHLG
6XSHUSRVLWLRQ LQGHP GLH %HWUIJH GHU [E\ XQG ] (OHPHQW!
UDLVFK OIVVW VLFK GLHV IROJHQGHUPD%HQ GDUVWHOOHQ

c?5 725 s r r s
O;L—SI' égL—si égL—s qu—s msq E— nrq LS msq
¥0 @ 3/ué@4 yu o, 7V EZVIN EZV N

2UDNHO DOJHEUDLVFK EHWUDFKWHW

s
=XU 'DUVWHOOXQJ GHV 2UDNHQM 5 DG W OWVAUNHK WHIHOHOHNWR U

.
WRU GH¢QLHUW 8P GLHVHQ 9HNWRU HUIROJUHLFK ]X PDUNLHU
GHU 2SHUDXRIQ]XZHQGHQ 'LHVH W FKRW JDLGUH HOHPB OW W X G H
VSLHJHOXQJ GHV JHVXFKWHQ (OHPHQWY ZBI® JIRBUMVFK NDQQ
GDUJHVWHOOW ZHUGHQ

x L & X@X ;
s ror s s ror S,srr;
x & s riFtmqgé:srr;L e s riFtLr,:srr;ML
r r s r r r s r,:srr;
s ror s ror s ror tror
xLea s riFt,a r riLea s riFe r ri
r r s rror r r s roror
Fs r r
xLer s ri
r r s

$QJHZDQGW DXI| GHQ 6X8HU&RVWWRLRQ \GHHNWRYSLHIHOWHQ 9HI
«*¢ DXREJHQDQQW PLW QHJDWLYHU $PSOLWXGH

XEL x ¢
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Fs r r s S s Fs,sEr ,sEr,s
XL er s ri,,? m;qL? mr ,sEs,sEr,sq
ror s Mg /M SEr,sEs,s
s Fs
XEL cL — ms
X 7 sq

, QYHUVLRQ DOJHEUDLVFK EHWUDFKWHW

8P GHQ 9HMNWRUSLFKWXQJ M :GQBKHY ZLUG/GLH ,QYHUVLRQ
VSLHIHPXP® D QIIQJOLFKHQ 6XS KMICORMLN HRQWYWHN'WRYVH OIVVW
VLFK GXUFK GHQ IR Q&DUWMAH @ OHIQD W R U

oL 1t3E®; F+L
s s s s Sp
{TF3ZJ|§ F cvu’ YO YU Ya g
L~ Se S s S . s s s s =&
th U'\_"__':e |—_—_—_p'_F+Lt pt = wl—= — —p=F +
'Eﬁ?/uﬁ SZVIE7V| 3/41'E EYU YU YU Yu g
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gEal i Evw" yu vu va'
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is s sk "S5 ot otp TS
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'DPLW LVW GHJERSHBRQYRW 6RGDQQ ZHQRGBW APQ GLHVHQ DXI
GHQ *UROYFRWLWKPXV [+U GLH HUVWH ,WHUDWLRQ DE]XVFKOLH%t

s tt S t t
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