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Abstract

The use of isolated ICT solutions in public e-
procurement has led to poor interoperability between
organizations, processes, and systems. Consequently,
data inconsistencies arise, and data cannot be reused
throughout the procedure. While data standardization
is recognized as a key enabler to overcome these
issues, existing approaches often operate in isolation
and thus fail to ensure holistic interoperability. This
paper harmonizes four complementary methodologi-
cal components—the European Interoperability
Framework (EIF), the Framework for Interoperable
Service Architecture Development (FISAD), Require-
ment Engineering in complex public sector structures,
and Simple Semantic Data Modeling in XML
(SeMoX)—into a holistic data standardization metho-
dology (HoDS). Using Design Science Research,
HoDS is grounded in rigorous and relevant founda-
tions and is developed iteratively in coordination with
European and German standardization bodies. With
its modularity and interdependency, HoDS supports
agile adaptation to dynamically changing require-
ments. Applying HoDS to the specification of an e-
catalogue standard shows its practical usefulness.

Keywords: Data Standardization, Interoperability, E-
Procurement, Methodology, Design Science Research

1. Introduction

Recent OECD statistics reveal that public
procurement accounts for roughly 13% of worldwide
gross domestic product as well as 29% of government
expenditures in 2023 (OECD, 2023). Therefore, major
interest is in saving costs and increasing process
efficiency (Prier & McCue, 2008). By utilizing
electronic means such as standardized data formats
and web-based applications, the procurement process
can be conducted electronically (Bobowski & Gola,
2018; Tatsis et al., 2006). While current developments
such as electronic catalogues have the potential to
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make public e-procurement more efficient (Mavidis &
Folinas, 2022; Olivares et al., 2024), still a variety of
challenges must be overcome. Notably, the use of
standalone island solutions hampers interoperability
between existing processes and technologies (Babica
et al., 2019; Ferreira & Amaral, 2016). Furthermore,
unstructured process and data transitions cause media
disruptions and data inconsistencies throughout the
procurement process. Consequently, persistent
procurement information must be re-entered and re-
verified frequently (Siapera et al., 2024). Recent
research has examined the vital role of interoperability
(Campmas et al., 2022; Margariti et al., 2022) and
standardization (Egorova et al., 2021; Schmitz et al.,
2025; Siapera et al., 2024) in overcoming these
challenges. However, the specification of useful, cost-
effective and interoperable data exchange standards
requires holistic considerations on the interoperability
of heterogenous architectures and layers. Such
standardization  efforts must examine legal
requirements, organizational processes and systems,
semantic accuracy, and technical feasibility (European
Commission, 2017; Schmitz et al., 2025). Hence,
several guiding frameworks and methodologies have
emerged from both research and practice in recent
years. Examples include the Framework for
Interoperable Service Architecture Development
(FISAD) (Schmitz & Wimmer, 2023), the European
Interoperability Framework (EIF) (European Commi-
ssion, 2017), and Simple Semantic Data Modeling in
XML (SeMoX) (Kottmann et al., 2024). However,
these frameworks and methodologies are designed to
function only within their specific contexts. Their
integration into a holistic data standardization
approach requires further harmonization.

Thus, the objective of this paper is to align
existing frameworks and methodologies towards a
holistic data standardization methodology in the
domain of public e-procurement. Two research
questions guide the research: RQ1: Which existing
frameworks and methodologies are suitable for the
specification of interoperable data exchange standards
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in public e-procurement? RQ2: How can existing
frameworks and methodologies be harmonized
towards a holistic data standardization methodology?

Using Design Science Research (Hevner, 2007;
Hevner et al., 2004) to answer these RQs (see Section
2), we provide three key contributions to the field: a),
Section 4 provides a consolidated overview of existing
frameworks and methodologies for specifying intero-
perable data exchange standards. b) Section 5 harmo-
nizes this overview in a chronological process that
helps researchers and practitioners alike to specify
interoperable data exchange standards in public e-
procurement. ¢) We apply the theoretical contributions
in the use-case of “XKatalog” in Section 6. This inter-
operable data exchange standard, developed through
the application of HoDS, improves the German
procurement  process by  bridging formerly
unstructured process and data transitions along the
overall procurement procedure. Finally, we synthesize
these key contributions in the context of the research
questions and provide indications on limitations and
future research in Section 7.

2. Methodology

The harmonization of data standardization in
public e-procurement requires sound methodological
foundations, rooted in both rigor and relevance. As
such, Design Science Research (DSR) is identified as
a suitable research paradigm for addressing both
research questions (Hevner, 2007; Hevner et al.,
2004). The DSR’s rigor cycle provides scientific
grounding of the harmonization via a systematic
literature review, whereas the DSR’s relevance cycle
ensures identification of the practical needs and the
validation of the proposed methodology from
standardization experts. The rigor cycle’s systematic
literature review combines approaches of Webster &
Watson (2002) and Carrera-Rivera et al. (2022). It is
divided into the phases of planning, conducting, and
results. We query SCOPUS, IEEE, and Google
Scholar. Search strings and concept-related keywords
are derived from the research objective, and a list of
preliminary inclusion criteria as well as a final quality
assessment criteria checklist are defined to evaluate
found literature. In the first cycle of the conducting
phase, concept related keywords are used to query the
specified sources, such as “Data Standardization”. In
the second cycle of the conducting phase, a search
string to identify current challenges and barriers in
public e-procurement that relate to interoperability and
standardization is utilized: (((("electronic
procurement” OR "E-Procurement") AND "public")
OR ("electronic government procurement” OR "e-
GP")) AND ("challenges" OR "barriers" OR "issues")

AND  (“data” OR  “standardization”  OR
“interoperability’))

Lastly, based on the identified problem scope of
the second cycle, required types of methodological
components are queried via another keyword-based
search. Found literature of the three cycles is
subsequently evaluated based on the list of preliminary
inclusion criteria. For an article’s preliminary
inclusion, its abstract must be concerned with this
paper’s research objective, it must be a peer-reviewed
article, and it must be written in English. Afterwards,
the quality of each paper is assessed by analyzing
whether research objectives are clearly defined,
limitations are discussed, verification of proposed
results via use-cases from practice, proof-of-concept
or similar means is conducted, and significant
contributions in answering this paper’s research
objective are made.

In the DSR’s relevance cycle, input and feedback
from experts in data standardization and public e-
procurement are gathered in several practice-oriented
project workshops following (Orngreen & Levinsen,
2017). Supplementing the theoretical findings of the
rigor cycle with insights into practically relevant
problems, needs and solutions aids in grounding the
proposed harmonization in the relevant application
context of public e-procurement in Germany and the
EU. Participants of the workshops include members of
the European Committee for Standardization (CEN),
the German Coordination Office for IT-Standards
(KoSIT), and several federal authorities and private
enterprises active in public procurement solutions,
especially on catalogue standardization. Finally, the
DSR’s design cycle considers the results of the rigor
and relevance cycles to iteratively harmonize existing
frameworks and methodologies towards a holistic data
standardization methodology in coordination with
European (CEN) and German (KoSIT) standardization
bodies. Moreover, the proposed data standardization
methodology is applied to the real-world context of
specifying a national e-catalogue standard for public
e-procurement in Germany. The case of the
“XKatalog” verifies the methodology’s agility,
adaptability and effectiveness in practice.

3. Theoretical background

Public procurement refers to the acquisition of
goods, works and services by public sector
organizations from other organizations, including
private, public and semi-public bodies (Uyarra &
Flanagan, 2010). Public e-procurement digitizes this
process via the use of electronic means, particularly
Web based applications (Tatsis et al., 2006). In the
European Union, the public e-procurement process is
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divided into the pre-award and post-award phases,
where the first denotes the part of tendering, where
economic operators submit their offers, whereas the
second part starts after an economic operator is
awarded with a contract by the contracting authority.
The pre-award phase consists of e-sourcing, e-
notification, and e-tendering, whereas the post-award
comprises e-contracting, e-ordering, e-invoicing and
e-payment (Bobowski & Gola, 2018; OpenPEPPOL
AISBL, 2023; Pratat, 2019).

Interoperability is an important concept within the
domain of public e-procurement, as it enables public
administrations and economic operators to efficiently
share and exchange data with each other (Pardo et al.,
2012). In this paper, we rely on the definition of
interoperability in the FEuropean Interoperability
Framework (EIF): “the ability of organizations to
interact towards mutually beneficial goals, involving
the sharing of information and knowledge between
these organizations, through the business processes
they support, by means of the exchange of data
between their ICT systems” (European Commission,
2017, p. 5). Interoperability is crucial for the
successful  digital transformation of  public
administrations and governments due to its facilitation
of seamless services between public and non-public
bodies across traditionally often rigid public structures
(Margariti et al., 2022; Pardo et al., 2012).

Furthermore, data standardization is a key means
for achieving interoperability (DeNardis, 2010; Gal &
Rubinfeld, 2019). Standardization requires consensus
across all involved parties to regulate aspects of
terminology, structure, attributes and use of data in a
specific context (Gal & Rubinfeld, 2019). Two
important concepts arise within data standardization:
semantics and syntax. Data syntax is necessary to
standardize the structure of messages (Aasa et al.,
1988), whereas data semantics standardize the
meaning and the use of their content (Wood, 1985).
When both syntax and semantics are standardized,
data becomes machine-readable (Janner et al., 2008),
forming the basis for automated processing, validation
and transformation of data (Bowers & Ludischer,
2004). However, when data is insufficiently
standardized, interoperability in intra-organizational
ecosystems becomes severely hampered (Dzierzawa et
al., 2025). In the public sector, the degree to which
technical standards are open and accessible influences
the ability of governments to perform electronic
services efficiently and cost-effectively (DeNardis,
2010). Finally, data standardization is a key facilitator
for public e-procurement as it assists in overcoming
current barriers such as data inconsistencies and
unregulated data transitions in the process (Egorova et
al., 2021; Schmitz et al., 2025; Siapera et al., 2024).

4. Identification and Analysis of
methodological components

In this section, results of the incrementally
structured literature review and workshops, in
accordance with the rigor and relevance cycles of
DSR, serve as the foundation for addressing RQ1. We
analyze the problem environment of data
standardization and map methodological solution
components onto identified needs. Evaluations on
suitable standardization approaches, interoperability
frameworks, and requirement engineering methods are
discussed in the following sections, too.

4.1 Data Standardization Approaches

Based on findings in both literature and practice,
approaches to data standardization utilize either data
modeling, human-readable documents, or a
combination of both. On the one hand, the data
modelling approach aims to collect semantic data in a
structured syntax to enable machine readability
(Peckham & Maryanski, 1988). Resulting data models
are often based on Unified Modeling Language
(UML) (Halpin & Bloesch, 1999) or Extensible
Markup Language (XML) (Ma & Yan, 2007), and thus
facilitate machine-to-machine communication (Gal &
Rubinfeld, 2019) as well as process automation
(Jamsa-Jounela, 2007). In German standardization
practice of the public sector, the Coordination Office
for IT-standards uses XOV (XML in der 6ffentlichen
Verwaltung), a model-driven approach based on
UML, to specify data standards for G2G and G2B.
While this enables automatic validation and
generation of further technical artifacts, domain
experts struggle to read and understand such data
models (Bajaj, 2004; Eichelberger & Schmid, 2009;
Henning, 2018). Consequently, experts with little
technical expertise are unable to comprehensively
review the resulting models, which may lead to seman-
tic inconsistencies and errors in the final data standard.

On the other hand, the semantic-driven document
approach prioritizes human readability by writing
down semantic data in text-based document formats,
such as Microsoft Word or PDF (International
Organization for Standardization, 1996). In practice,
the European Committee for Standardization (CEN)
exclusively uses such textual documents to define
legislative standards within Technical Committees
(TC). In the field of public e-procurement, EN16931
for electronic invoicing has been standardized in a
document approach by TC 434, with further European
norms under development for pre- and post-award
phases by TC 440. These de-jure standards define
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legislative specifications that European Member
States shall adhere to due to the right of primacy of
EU-law over national law (Avbelj, 2011). The
document format of European Norms contributes to
high human-readability and thus ensures that all
domain experts can understand and contribute to the
norms. However, several other issues arise due to the
lack of machine-readability. There are little to no
automation possibilities within the standardization
process. Hence, data inconsistencies in the semantic
data specifications must be validated and maintained
manually across the Norm’s whole lifespan. In
practice, this commonly leads to copy-paste errors and
unnecessary labor for both European TC members
managing, as well as national standardization officers
implementing EN16931. Furthermore, deciding on the
right technical syntax for these semantically driven
specifications has proven difficult. Currently, the
norms semantics must be bound to multiple data
syntaxes simultaneously to ensure practical feasibility.

The harmonization of both data model and
document-driven standardization efforts has the
potential to overcome the barriers inherent in each,
thereby facilitating a more holistic approach to data
standardization (Schmitz et al., 2025). Consequently,
Simple Semantic Data Modeling in XML (SeMoX)
(Kottmann et al., 2024) was created as an open-source
approach to data standardization with the goal of
bridging the gap between domain experts and
technical implementations. By applying a divide-and-
conquer philosophy onto the data standardization
process, domain experts can contribute semantic
knowledge to the standard without reading structured
data models, and technical experts retain full freedom
for technical implementation of the semantics. This is
possible by the separation of a shareable semantic
model in XML from other technical artifacts. At its
core, SeMoX’ semantic XML model consists of five
modular components: “Terms”, “Rules” and
“Structures” are used to capture semantic knowledge
from domain experts, whereas “Semantic Datatypes”
and “Syntax-Bindings” are crucial to the standard’s
technical implementation and aim to bridge the gap
between domain knowledge and technical expertise. A
generator enables the XML model’s conversion into a
human-readable PDF specification, which can
subsequently be read and reviewed by domain experts.
Since the model itself is an XML-instance, the use of
XML-Schema helps to automatically identify data
inconsistencies in large data structures. Furthermore,
the visualization of business documents such as
electronic invoices can be rendered into an HTML-
based web-editor via the use of further tooling.
SeMoX has already proven its viability in practice
through its use for implementing the EN16931 on

electronic invoicing as well as the “Commission
Implementing Regulation (EU) 2022/2303 of 24
November 2022 amending Implementing Regulation
(EU) 2019/1780” on electronic public contract notices
(eForms) in  Germany. Consequently, the
incorporation of SeMoX into the data standardization
process facilitates the contribution of both domain and
technical experts to the standard and overcomes
barriers of purely data model or document driven
standardization approaches (Kottmann et al., 2024;
Schmitz et al., 2025).

4.2 Guiding Interoperability Frameworks

Failing to achieve a sufficient degree of inter-
operability leads to isolated solutions that are unable
to effectively communicate with each other (Babica et
al., 2019; Ferreira & Amaral, 2016). The current lack
of interoperability in public e-procurement causes
media disruptions, data inconsistencies, and conse-
quently, poor reusability of data along the whole
procedure (Schmitz et al., 2023; Siapera et al., 2024).
While data standardization has been discussed as a
potential solution component to address such issues
(Egorova et al., 2021; Schmitz et al., 2023; Siapera et
al., 2024), standardization requires a high degree of
interoperability to achieve meaningful impact in
public e-procurement (Palova & Vejacka, 2022). As a
result, guiding interoperability frameworks have
emerged from both literature (Schmitz & Wimmer,
2023) and practice (Campmas et al., 2022; European
Commission, 2017). Such Frameworks aim to ensure
that public sector systems, tools and standards are
developed to be interoperable with existing laws,
organizations and solutions. Data standards that focus
on only a specific layer of interoperability may
become blind to the overall environment in which they
should operate. Highly technical data standards may
lack adoption due to poor semantic and organizational
interoperability (Amar et al., 2024). Legal standards
may be difficult to bind to existing technical syntaxes
and domain accurate semantics (Ali et al., 2024).
Semantically driven standards may become organi-
zationally or technically unfeasible in practice (Folmer
et al.,, 2011). Hence, the European Interoperability
Framework (EIF) was proposed by the European
Union to guide public services and standards
development to achieve interoperability on all layers
of interoperability: legal, organizational, semantic,
and technical interoperability, alongside integrated
public service governance and interoperability
governance. Furthermore, the EIF provides twelve
guiding interoperability  principles  (European
Commission, 2017). In addition to the EIF, the
European Interoperability Reference Architecture
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(EIRA) offers a reference model for solution
architectures in public administrations (European
Commission, 2024). Since EIF and EIRA aim to
facilitate interoperability on a general level, they
cannot address all niches of public service
development in sufficient detail (Ali et al., 2024).
Notably, the use of Enterprise Architecture is crucial
for considering the impacts of developed ICT
solutions and for  achieving  architectural
interoperability, also in the public sector (Dang &
Pekkola, 2017).

Without Enterprise Architecture, data standards
that only focus on data interoperability may fail to
operate in a productive environment: without baseline
and target architecture models on the business layer,
data standards cannot be integrated into processes;
without considering applications, they cannot be
adopted by tools and systems; without evaluating
suitable technical components and networks, they
cannot be sent and received properly (Schmitz &
Wimmer, 2023). For this reason, the Framework for
Interoperable Service Architecture Development
(FISAD) has been proposed in literature (Schmitz &
Wimmer, 2023). Rooted in Design Science Research,
in the Open Group Architecture Framework (TOGAF)
and in the EIF, FISAD provides a domain-specific
methodology for interoperable Enterprise Architecture
development in the public sector. FISAD has proven
to be particularly suitable for data standardization in
public e-procurement (Schmitz et al., 2025).

In line with Schmitz and Wimmer (2023), FISAD
consists of five main perspectives of architecture
development: (1) foundation, (2) business, (3) data, (4)
application, and (5) technical. In the (1) foundation
perspective, the architecture’s problem scope and
target vision are established. To do so, scientific
literature and relevant practical sources are analyzed
alongside legal frameworks and high-level decisions
to establish scientific best-practices and legal
interoperability. In the (2) business perspective,
baseline and target processes as well as their
information flows are captured to ensure
organizational interoperability. Information flows are
subsequently mapped to standardized data specifi-
cations in the (3) data perspective, thereby establishing
semantic and syntactic interoperability to existing
standards. The (4) application perspective aims to
identify application components that are suitable for
supporting the identified work- and information flows.
Together with the (5) technical perspective that
defines the target infrastructure, both perspectives
enable technical interoperability. The resulting
artefacts can be defined as either a solution or a
reference architecture (Schmitz & Wimmer, 2023).

4.3 Requirement Engineering

In line with ISO/IEC/IEEE 42010, to ensure that
a standard complies with architectural perspectives,
requirements should be engineered, and the standard’s
specification measured against them (International
Organization for Standardization, 2022). Requirement
engineering requires the incorporation of demands
from a vast number of stakeholders, viewpoints, and
objectives into the software, system, and standard
development process (Pandey et al., 2010). In the
context of the public sector, Klier et al. (2017)
highlight that ICT requirements evolve dynamically in
the requirement engineering process due to their
complex and  ever-changing sociotechnical
environment. In public e-procurement specifically,
conflicting demands from legal norms, public and
private sector organizations, and legacy and target
systems pose a significant challenge to the
specification and coordination of requirements (Moe
et al., 2017). Consequently, Klier et al. (2017) propose
a holistic view on requirement engineering. This
approach can adapt to evolving requirements by
prioritizing iterative and extensive communication
between stakeholders and establishing a central
requirement steering group. Notably, this steering
group is tasked with coordinating the requirements and
exercising IT-governance functions that span across
different levels of nationality. Hence, resulting
requirements exhibit both high quality and high
interoperability (Klier et al., 2017). The integration of
actors from a European, national, federal and scientific
level has been identified as a suitable constellation for
coordinating requirements on standardization efforts
in public e-procurement in Germany.

In line with Klier et al. (2017), the core
requirement engineering process itself consists of six
main phases. First, during the requirement elicitation
(Pandey et al., 2010), input from the customer/user,
the environment, the process and data exchange to be
supported, and the technicality of the system should be
carefully considered. Afterwards, elicited
requirements are further structured, classified and
prioritized. A subsequent analysis evaluates whether
the consolidated requirements are written in clear
language and do not face any obvious legal or
technical limitations. Lastly, a highly iterative
demonstration, evaluation and re-engineering process
loop takes place. Requirements and their prioritization
are discussed within the central steering group, and
conflicting perspectives on certain requirements are
resolved through mediation. The process ends with a
list of substantiated requirements that are evaluated to
be complete, correct, consistent and feasible in
practice (Klier et al., 2017).
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5. Towards a Holistic Data
Standardization Methodology (HoDS)

The results of RQ1 are synthesized next to
subsequently discuss how existing frameworks and
methodologies can be harmonized in a holistic data
standardization =~ methodology = (HoDS).  Data
standardization efforts in Public E-Procurement opera-
te in complex, multi-actor environments (Klier et al.,
2017; Moe et al., 2017) and depend on the interopera-
bility of several layers (Ali et al., 2024) and archi-
tectural perspectives (Schmitz & Wimmer, 2023).
Both domain and technical experts must be able to
contribute without being forced into unfamiliar tools
(Henning, 2018). Creators of data standards should
review all layers of interoperability to not become
blind to legal regulations or semantic feasibility (Ali et
al., 2024; European Commission, 2017). Baseline and
target architecture of the standard’s environment must
be evaluated to understand how integration into both
existing and future processes, systems and networks is
possible (Schmitz & Wimmer, 2023). To ensure com-
pliance with all considerations, requirements should
be formulated, coordinated, and implemented (Klier et
al., 2017; Moe et al., 2017). In adhering to these
considerations, several methodological components
have emerged from literature. SeMoX can be used to
bridge the gap between domain and technical experts
(Kottmann et al., 2024; Schmitz et al., 2025). The EIF
provides guidance in achieving overarching
interoperability across legal, organizational, semantic
and technical layers (European Commission, 2017).
FISAD facilitates the standard’s architectural
interoperability in accordance with the EIF and along
DSR to ensure rigorous, relevant and interoperable
development of architectural models (Schmitz &
Wimmer, 2023). Requirement engineering enables the
documentation, management and implementation of
identified requirements (Klier et al., 2017). Yet, when
developing data standards, it is imperative to utilize
methodological components in a cohesive manner. If
not done correctly, data standards will fail to deliver
value at scale, and they risk becoming isolated “island
solutions” that further contribute to the lack of
interoperability in public e-procurement (Babica et al.,
2019; Ferreira & Amaral, 2016; Margariti et al., 2022).
To overcome these issues and answer RQ2, existing
methodological components must be aligned and
integrated into a coherent and actionable
methodology. In line with the DSR’s design cycle, the
Holistic Data Standardization Methodology
(HoDS) presented hereafter was incrementally
developed based on the rigorous and relevant
foundations of RQ1 and iteratively validated by

members of the CEN and KoSIT. An overview of the
proposed HoDS methodology is depicted in Figure 1.

The European Interoperability Framework
(EIF) (European Commission, 2017) provides the
overarching structure and foundational principles that
inform all downstream methodological activities. The
framework ensures that standardization initiatives are
not limited to purely technical considerations but
instead remain aware of the broader sociotechnical
context in which they operate. Although not part of the
core methodological components, the EIRA
(European Commission, 2024) can act as a
complementary resource to the EIF by offering
standardized interoperability architecture building
blocks. While EIF and EIRA offer a strong conceptual
foundation, these do not offer sufficient operational
guidance for structuring the architecture of standardi-
zation endeavors. Therefore, we use the Framework
for Interoperable Service Architecture Develop-
ment (FISAD) (Schmitz & Wimmer, 2023) to
conduct further architectural evaluations on the
standard in a Design Science Research approach to
avoid architectural blindness. Since FISAD is rooted
within principles of the EIF already, the combined
application of both frameworks yields a comprehend-
sive understanding of the needs, constraints, and
systemic interdependencies that should be addressed
in a data standard. To ensure that such insights are
systematically translated into actionable specifica-
tions, a robust requirement engineering process as
proposed by Klier et al. (2017) is added. To manage
the landscape of dynamic policies, heterogeneous
stakeholders, and multi-layered standardization
approaches in public e-procurement, the proposed
methodology adopts an iterative, governance-based
requirement engineering approch. A central steering
group with an IT-governance function should be
established to coordinate the elicitation, negotiation,
and consolidation of all requirements across
international, national, and federal levels. Through
repeated cycles of analysis, validation, and revision,
the standard’s requirements can be refined until they
are complete, consistent, and practically feasible
(Klier et al., 2017). This enables the development of
the actual data standard using SeMoX (Simple
Semantic Data Modeling in XML) (Kottmann etal.,
2024; Schmitz et al., 2025). SeMoX enables both
machine and human-readability of the data standard by
writing the core model in XML and using
transformation tools to convert markup into PDF
specifications, Excel tables and HTML visualizations.
Consequently, human-readability of the data standard
facilitates its iterative review from non-technical
domain experts. Machine-readability results in
automatic transformation and validation capabilities.
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Figure 1. Holistic Data Standardization Methodology (HoDS)

Since the modeling process is directly based on the
previously defined requirements, every core
component of SeMoX’s semantic model (terms, rules,
structures, datatypes and syntax bindings) serves a
defined purpose in implementing the requirements and
aligning the standard with the broader interoperability.
The combined application of FISAD and SeMoX
enables synergies, as SeMoX can provide a semantic-
driven bridging between the different perspectives of
FISAD, while FISAD can position SeMoX into a
comprehensive architectural consideration. As a
result, the final data standard is aligned with the
overarching vision of interoperability, can be validated
against its consolidated requirements, and reviewed in
line with the EIF’s interoperability principles. It is
only when a standard has been demonstrated to
successfully pass all evaluations that it can be regarded
as a mature and deployable solution that fosters
interoperability in practice.

Given the complex and interdisciplinary nature of
data standardization in the public sector, HoDS is
designed to be flexible and adaptive, recognizing that
change requests and conflicts of interest can occur
frequently in the standardization process. The inter-
connectivity between its standalone methodological
components, achieved through the definition of clear
references and dependencies, enables the agile
identification of downstream implications whenever

upstream changes occur. For example, when new legal
requirements arise from the EU, such as the release or
revision of an EN, the central steering group can
analyze and coordinate necessary changes across the
architecture, requirements and SeMoX specification.
During SeMoX-based expert workshops, if domain
experts identify semantic inconsistencies, new
requirements can be formulated, consolidated, and
integrated into both the semantic model and enterprise
architecture. Consequently, the proposed
methodology can quickly and accurately respond to
inevitable errors, gaps, or changes during the
standardization process without compromising its
overall integrity. Through the harmonized, modular,
and adaptive approach of HoDS, it becomes possible
to not only develop meaningful data standards, but to
also maintain and evolve them sustainably over time.

6. Specification of the XKatalog as a use-
case from practice

To validate the proposed methodology in practice,
the XKatalog has been specified as a national e-
catalogue standard for public e-procurement in
Germany. In line with legal and scholarly definitions,
e-catalogues generally refer to information that is
organized electronically in a catalogue-like format for
utilization during both pre- and post-award phases of
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the procurement procedure (European Parliament,
2014; Pekolj et al., 2019; Siapera et al., 2024).
Notably, e-catalogue standards are a crucial solution
component for regulating the transition between pre-
and post-award phases (Siapera et al., 2024). Their
implementation has been shown to increase process
efficiency and competition while simultaneously
reducing administrative costs (Hartati et al., 2020;
Olivares et al., 2024; Vaidya & Campbell, 2016;
Varney, 2011). Hence, the specification of the
XKatalog addresses overarching interoperability
issues and contributes towards the harmonization of
public e-procurement in Germany. In applying the
HoDS methodology to the XKatalog’s specification,
several implications arise. First, the overarching
context of the EIF alongside the architectural
considerations of FISAD have been vital in examining
the required interoperability of the standard. Legal
interoperability was analyzed by consulting European
and German law, organizational interoperability was
iteratively reviewed with external enterprises and
contracting authorities from practice, semantic
interoperability was incrementally captured in expert
workshops on public e-procurement and e-catalogues,
and technical interoperability was achieved by
integrating exclusively open specifications and
standards into the XKatalog, which is set to become an
open standard itself in 2026. Furthermore, overarching
public service governance is implemented via the
central IT-Governance steering group that coordinated
the standardization effort across all interoperability
layers. The steering group further coordinated the
standard’s enterprise architecture resulting from the
application of FISAD and ensured utmost architectural
interoperability with legacy and target processes,
applications and systems. The flexible and iterative
requirements engineering approach maintained agile
responsiveness to an ever-changing environment of
moving targets across all layers of interoperability and
architecture. SeMoX has proven to be exceptionally
viable in capturing semantic knowledge from domain
experts that have no technical expertise while
simultaneously simplifying the XKatalog’s technical
implementation and tooling for technical experts.
Although HoDS has offered conceptual benefits,
notable barriers to its adoption for XKatalog include
the reliance on a pre-established expert network,
securing political funding and commitment, and
stakeholder engagement across all phases of the
standardization process. Nevertheless, the proposed
HoDS methodology has demonstrated to be very
robust towards the ongoing legal development of
EN17015-2 in CEN TC 440, the mediation of
requirements between domain and technical experts,
and changes to the XKatalog’s architecture and

specification throughout the whole standardization
process. As a result, the XKatalog mitigates data
inconsistencies by migrating structured data from the
pre-award phase to the post-award phase. Moreover,
the standard facilitates the transformation of this data
into downstream documents such as electronic orders
and invoices by binding to the same syntax-family
(UBL). Thus, administrative costs can be reduced
through automatic validation and transformation
capabilities. Consequently, HoDS has proven to be
both feasible and successful in practice.

7. Discussion & Conclusion

We used Design Science Research (Hevner, 2007,
Hevner et al., 2004) to harmonize existing
methodological components towards a holistic data
standardization methodology in public e-procurement
(HoDS). To achieve this research objective, two
research questions are discussed. In RQI1, suitable
frameworks and  methodologies  for  data
standardization in public e-procurement are identified
by analyzing rigorous and relevant foundations
(Section 4). In the DSR’s rigor cycle, a structured
literature review is carried out in line with Carrera-
Rivera et al. (2022) and Webster & Watson (2002).
Synthesizing these findings with practical insights
from workshops with data standardization and domain
experts within the DSR’s relevance cycle (Orngreen &
Levinsen, 2017) has enabled the identification of four
methodological components: the EIF (European
Commission, 2017), FISAD (Schmitz & Wimmer,
2023), the requirements engineering process by (Klier
et al.,, 2017), and SeMoX (Kottmann et al., 2024;
Schmitz et al., 2025). RQ2 harmonizes these findings
within the design cycle of DSR by incrementally
developing and evaluating the proposed HoDS
methodology with standardization experts from
practice (Section 5). The EIF provides overarching
interoperability across multiple layers and principles
that all further methodological components adhere to.
FISAD provides baseline and target architectural
considerations to ensure rigorous and relevant
grounding of the architectural environment in which
the standard should operate, thereby preventing
blindness towards required processes, applications and
networks. A dynamic requirements engineering
process is utilized alongside a central IT-Governance
steering group to systematically translate these
considerations into actionable and measurable
specifications while being flexible towards changing
demands at any point in the data standardization
process. Based on the requirements, the data
standard’s specification is written in XML via
SeMoX, whose tooling enables the automatic
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generation of human-readable specifications in PDF
format. Hence, SeMoX enables domain experts to
iteratively review and validate the semantic content of
the data standard while simultaneously retaining full
machine readability for further transformation and
validation. Because the four methodological
components are defined as modular artifacts with clear
and close references to each other, the proposed
methodology is highly agile and adaptive to changes
at any point in the data standardization process.
Instead of considering the data standardization process
as a sequential waterfall, HoDS considers
standardization as several parallel process instances
that may influence each other at any given time.
Consequently, as outlined in the case of the XKatalog
as a German e-catalogue standard (Section 6),
resulting data standards align with the overarching
vision of interoperability, can be validated against
their consolidated requirements, and adjusted to meet
continually changing requirements over time.

In consideration of these findings, three
limitations arise from the scope of this research. First,
this paper has only addressed the barriers of data
standardization in public e-procurement to a limited
extent. Hence, it is recommended that future research
develops a comprehensive overview of challenges for
data standardization in the public sector. Second, this
paper does not provide a systematic review of existing
interoperability frameworks and methodologies
regarding their strengths and weaknesses for data
standardization in the public sector, which should be
addressed in subsequent research. Third, the proposed
methodology (HoDS) has only been validated in one
use-case thus far. Therefore, future research should
evaluate its feasibility in further data standardization
scenarios, encompassing both public e-procurement
and a broader range of e-government domains. One
potential scenario could be the application of HoDS to
standardize data exchange transactions between data
trusts and data spaces in the context of Germany.
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