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Abstract

Despite investing heavily in data-related technology and human resources, enterprises are still struggling to derive value
from data. To foster data value creation and move toward a data-driven enterprise, adequate data management and data
governance practices are fundamental. To support these practices, organizations are building (meta)data management
landscapes by combining different tools. Data catalogs are a central part of these landscapes as they enable an overview
of available data assets and their characteristics. To deliver their highest value, data catalogs need to be integrated with
existing data sources and other data management tools. However, enterprises struggle with data catalog integration because
(a) not all data catalog application types foster enterprise-wide data management and data governance alike, and (b) several
technical characteristics of data catalog integration remain unclear. These include the supported data sources, data catalog
federation, and ways to provision data access. To tackle these challenges, this paper first develops a typology of data
catalog applications in the enterprise context. Based on a review of the academic literature and an analysis of data catalog
offerings, it identifies four enterprise-internal and three cross-enterprise classes of data catalog applications. Second, an
in-depth analysis of 51 data catalog offerings that foster enterprise-wide metadata management examines key characteristics
of the technical integration of data catalogs.
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1 Introduction vestments in technology and people. Yet, improvements in

data culture, data value creation, and innovation capability

The relevance of data as an organizational asset with intrin-
sic value is widely accepted. More data are produced and
stored by organizations every year [25]. However, value
from data is only created once they are used for operational
excellence, product innovation, improved business models,
or monetized in the data economy. Therefore, data must be
transformed, enriched, and contextualized to create action-
able information [18].

To realize the promise of data and analytics for com-
petitive advantage, organizations steadily increase their in-
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remain limited [3]. Enterprises continue to struggle in areas
such as data acquisition, data enablement, or data compli-
ance [15, 16, 21, 26].

(Meta)data management and data governance are essen-
tial means to address these challenges and to improve data
usage and thus firm performance [7, 24]. To implement and
support these activities, data catalogs (DCs) play an im-
portant role as they (a) empower users to work with data;
(b) make data-related issues visible; (c) reduce data prepa-
ration time and (d) promote compliant data handling and
usage [1, 8, 28]. For a holistic metadata management ap-
proach, DCs need to be integrated into the existing enter-
prise data ecosystem [14]. This includes the integration with
upstream data sources, downstream analytics applications,
and further tools for data curation as part of a metadata
management landscape.

However, implementing DCs as part of a holistic meta-
data management landscape is currently challenging [19].
First, practitioners are faced with a vast array of commer-
cial and open-source DC offerings that focus on different
application areas with different goals. For example, not all
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DC applications support enterprise-wide metadata manage-
ment [29]. As the spectrum of DC applications and their
capabilities remain undefined, it is demanding for practi-
tioners to select the right tools to build such a tool land-
scape [8]. Second, the successful technical integration of
DCs depends on several factors including automatic data
source integration, DC federation, and data access provi-
sioning [14]. Yet, lacking clarity about these characteristics
hampers the usage of DCs as fundamental components of
metadata management landscapes.

To address the challenge of DC integration, the paper
first develops a typology of DC applications in the en-
terprise context. Typologies allow for a reduction of the
plethora of entities into a lesser number of classes with
key attributes. The theory bases on an extensive survey of
DC offerings and is enriched by an analysis of the scien-
tific state of the art. Second, the paper discusses relevant
issues for integrating DCs into metadata management land-
scapes by analyzing 51 DC offerings fostering enterprise-
wide metadata management in greater detail. The exam-
ined characteristics include (a) deployment types; (b) DC
connectors and integrations; (c) DC federation; (d) means
to provide data access, and (e) further potential modules
of metadata management landscapes. The remainder of the
paper is structured as follows: Sect. 2 introduces DCs and
typologies. Sect. 3 describes the research methodology. In
Sect. 4, the authors present the developed typology of DC
applications, followed by an analysis of the current state of
practice in DC integration in Sect. 5. Sect. 6 summarizes
the main findings and presents further research directions.

2 Background

2.1 Data Catalogs

DCs represent a relatively new data management tool. In-
terest in DCs is rising due to their enabling function for

metadata management, data governance, and data democ-
ratization. Yet, no widely accepted definition of DCs ex-

ists [19]. As synthesis of existing DC definitions in research
and practice [8, 12, 29] this paper defines DCs as follows:
DCs are metadata management tools, that support the cu-
ration of data by providing capabilities to inventorize and
discover data on an integrated platform, thus connecting
data supply and demand. This highlights the platform char-
acter of DCs and underlines the fundamental purpose of
supporting data inventory and data discovery. In this paper,
DC offerings are DCs that are made available for purchase
or under an open source license by a third party. DC ap-
plications are contexts in which DCs are implemented. In
addition to data inventory and discovery, Labadie et al. [19]
outline other capability groups (and capabilities) of DCs.
These include data assessment (e.g., data usage, data qual-
ity, data profiling), data governance (workflows, roles and
responsibilities, rules and policies), data collaboration (tag-
ging, sharing, commenting), and analytics metadata (data
stories, data application repository). The functional capa-
bilities are facilitated by supporting capabilities like visu-
alization, administration, and automation, often including
artificial intelligence features.

Fig. 1 depicts the positioning of DCs in the enterprise
data ecosystem. DCs can automatically ingest metadata
from data sources through built-in integrations. If the DC
runs in a different environment than the data sources, so-
called metadata harvesters can be used to collect and trans-
fer metadata to the main component. DCs integrate with
further data management tools that may be part of a data
management platform [4], enterprise systems, or DCs to
leverage their specialized capabilities and enable enterprise-
wide metadata management. Integration with business in-
telligence and data analysis tools allows metadata to be
provided for model creation and analytical models to be
listed in the DC to describe data usage.

Due to their extensive capabilities, many positive out-
comes along the data lifecycle have motivated the use of
DCs on an enterprise-wide scale. These include gaining vis-
ibility about data assets and potential data issues, reducing
time spent searching for and evaluating data, and enabling
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more users to work with data while supporting governance
and compliance efforts [17, 20, 27, 28].

While the general positioning and role of DCs in an
integrated metadata management landscape is clear, orga-
nizations continue to face challenges in building concrete
implementations. These challenges include mapping capa-
bilities to the variety of metadata management tools, or
integrating those tools with each other and with existing
data sources [9, 14]. Accordingly, there is still a need for
greater clarity about the types and core properties of DC ap-
plications in the enterprise sphere. In addition, more know-
ledge about the technical characteristics of DC integration
is needed to enable better decisions when building metadata
management landscapes.

2.2 Typologies

Typologies classify certain dimensions or characteristics of
entities by abstracting the commonalities found in indepen-
dent observations [11]. According to Nickerson et al. [22],
the terms typology and taxonomy are often used inter-
changeably, with taxonomies usually referring to empirical
and typologies to conceptually derived systems of classifi-
cation. Since this paper addresses both the conceptual and
the empirical perspectives, but essentially focuses on the
types of DC applications, the resulting artifact will hereafter
be referred to as typology. Typologies belong to the class
of ’analytic theory’ and therefore help to organize the body
of knowledge and provide structure for the further anal-
ysis of a phenomenon [13]. They are especially valuable
when describing a relatively new object of concern [11].
Accordingly, a typology of DC applications in the enter-
prise context can help to resolve the conceptual ambiguity
surrounding this relatively new topic. The typology helps
practitioners better understand the types and characteristics
of DC applications, thereby aiding the planning and design
process of metadata management landscapes.

3 Research Methodology

To develop a typology of DC applications this paper adapts
the methodology of Nickerson et al. [22] in three iterations.
First iteration consisted of an empirical analysis of DC of-
ferings in the enterprise context (empirical to conceptual).
DC offerings were identified based on a web search, the
scanning of analysts reports, and the authors’ experience
in the DC context. Only the most comprehensive offer of
a vendor was included as study subject in case multiple
offers were available. Information about each offering was
gathered from the vendor website, provided documentation,
and tutorial videos. Second iteration consisted of an analysis
of the state of the art in scientific DC literature (conceptual

to empirical). Following search string was used to identify
articles in the databases IEEE Xplore, AIS eLibrary, ACM
Digital Library and SpringerLink:

(“data catalog” OR “data catalogue” OR “metadata
management solution” OR “metadata management
tool”) AND (enterprise OR business)

In the third iteration, conceptual and empirical findings
were juxtaposed and the remaining knowledge gaps were
filled (empirical to conceptual). In the end, 73 DC offerings!
and 27 research papers were identified and analyzed. To an-
swer the identified questions in the area of DC integration,
51 offerings fostering enterprise-wide metadata manage-
ment were investigated in greater detail>. The survey results
show only those observations that occurred more than once
in the surveyed population to exclude outliers.

4 A Typology of Data Catalog Applications

Based on the research methodology described above, seven
classes of DC applications were identified. These classes
can be structured according to the following dimensions: (a)
organizational area; (b) integration; (c) metadata manage-
ment scope; (d) data management level, and (e) provider
— consumer relationship as depicted in Table 1. The fol-
lowing section first describes the dimensions and their cha-
racteristics, and then discusses the identified classes of DC
applications in greater detail.

Organizational area describes the subcontext of DC ap-
plication. DCs can be applied for data curation within (intra-
organizational) or across (inter-organizational) enterprises.
In an intra-organizational setting, actors are usually rep-
resented by business users, whereas in an inter-organiza-
tional setting actors consist of organizations or principals
acting on their behalf. Further, inter-organizational settings
usually require stricter data protection regimes. Integration
refers to the delivery of DC functionality to the respec-
tive environment. DCs can either be implemented as stand-
alone solution or as module of a wider solution offering.
For example, a DC can be seen as a modular part of a data
marketplace [10]. The scope dimension describes the ex-
tent to which metadata management and data governance
are supported by a DC application. Specific refers to the
support of a specific environment (e.g., a cloud platform)
or data application (e.g., business intelligence) by providing
specifically fitted capabilities. Holistic refers to support for
metadata management across all types, sources, and poten-
tial data applications in the organizational area. DC applica-

! For more details on the DC offerings included and the survey ap-
proach, see https://doi.org/10.24406/fordatis/257.

2 See footnote 1.
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Table 1 Typology of DC applications

Dimensions

Types Organizational area Integration Metadata Data Management Provider —
Management Level Consumer
Scope Relationship

Enterprise Data Catalog Intra-organizational Stand-alone Holistic Metadata Many-to-many

Context-specific Data Catalog Intra-organizational Stand-alone Specific Metadata Many-to-many

Enterprise Data Management Intra-organizational Module Holistic Data and Metadata Many-to-many

Platform

Enterprise Data Marketplace Intra-organizational Module Holistic Metadata Many-to-many

Data Spaces Data Catalog Inter-organizational Stand-alone Holistic Metadata Many-to-many

Data Portal Inter-organizational Module Holistic Data and Metadata One-to-many

Ecosystem Data Marketplace Inter-organizational Module Specific Both options possible ~ Many-to-many

tions can be further divided into those that primarily curate
metadata and those that also have the ability to manage
or deliver the actual data. This is characterized by the data
management level dimension. Lastly, provider-consumer re-
lationship refers to the amount of entities interacting with
each other based on the DC application as a platform. Most
applications foster many-to-many relationships of providers
and consumers, while data portals are typically deployed by
a single data provider to address the data needs of multiple
consumers.

The first DC application class identified in the intra-or-
ganizational context are Enterprise Data Catalogs. They
provide data cataloguing capabilities for all data-related
roles in an organization and across departments or busi-
ness units, enabling enterprise-wide data curation [19]. To
this end, many data providers register the metadata of data
assets from diverse systems, which can be leveraged by data
consumers for different data applications. Enterprise Data
Catalogs can be deployed as stand-alone solutions without
the need to integrate with further data management tools.

In the Context-specific Data Catalog class, DCs only
serve in a specific environment or for a specific data appli-
cation. Examples of DCs that primarily serve a specific en-
vironment include AWS Glue or Cloudera Navigator. Both
are limited to automated metadata ingestion from their re-
spective cloud platform resources and focus on processes
such as orchestration and ETL-processes. The survey also
reveals DCs that provide data discovery capabilities only
for a specific use case, such as data analytics (e.g., Tableau
Catalog) or data privacy (e.g., Immuta Data Security Plat-
form). While all of these offerings allow actors to leverage
DC capabilities in a familiar environment, federation and
interoperability are needed to avoid duplication of efforts
and the creation of data silos.

The class of Enterprise Data Marketplaces was identi-
fied during the literature review phase. Researchers see the
main function of Enterprise Data Marketplaces in providing
data or data services brokerage features [10, 14]. To pro-
vide these capabilities, same researchers design Enterprise

@ Springer

Data Marketplaces built on top of Enterprise Data Catalogs.
However, this needs to be reconciled with the findings of
Labadie et al. [19] who see brokerage functions such as
data access requests as part of Enterprise Data Catalogs.
Based on the analysis of real-world DC offerings, the au-
thors of this paper argue that Enterprise Data Marketplaces
are modular solutions that include an Enterprise Data Cat-
alog module and an additional brokerage or marketplace
component, which allows for the description and purchase
of data products. Conversely, Enterprise Data Catalogs may
support similar functionalities in a single module. Yet, this
view is not represented in the overview of examined DC ap-
plications as no explicit commercial or open-source Enter-
prise Data Marketplace offering could be identified. How-
ever, an Enterprise Data Marketplace may be provided by
implementing Enterprise Data Catalog and brokerage mod-
ules of Data Management Platform offerings.

Enterprise Data Management Platforms (EDMPs) sup-
port the management, storage, and distribution of data assets
in the enterprise [4]. They are not tied to a specific context
or use case. While the specific composition of EDMPs is
up to each implementation, they typically consist of sev-
eral modules including Enterprise Data Catalogs or Enter-
prise Data Marketplaces, to provide a listing of available
data [14]. Data quality, data integration, or data privacy
can also be modular components of EDMPs. EDMPs are
deployed as an overarching layer that is agnostic to under-
lying databases, data lakes, or data warehouses. While they
do access actual data for processes such as data integration,
data quality, or data privacy assessments, they do not persist
or replicate these data.

In the inter-organizational sphere, Data Space Data Cat-
alogs enable the metadata-based inventory and discovery
of data products to be shared between organizations in data
spaces. Next to the functional semantic description of avail-
able data sources they allow for the definition and assess-
ment of accessibility information and usage conditions for
other organizations [6]. They do not hold the data itself as
organizations want to preserve their data sovereignty and
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therefore neglect the transfer of data to central platforms
before the actual exchange. In general, Data Space Data
Catalogs are agnostic to environments and use cases fos-
tered by the data exchange.

Data Portals are leveraged to enable the reuse of data
for societal or economic benefit. They are set up by the
data providing entity and allow the discovery and access of
data for multiple stakeholders including natural persons and
enterprises. Data can be directly accessed or downloaded
from the Data Portal. While most Data Portals base on
CKAN, different modules are implemented as added benefit
(e.g., data visualization) [23].

Lastly, Ecosystem Data Marketplaces match organiza-
tional data sellers and buyers and manage data exchanges
and transactions [2]. In this sense, they can act as a trustee
and manage access to data according to rules defined by the
data seller. Metadata management, and thus the use of DC
components, is seen as an essential module of Ecosystem
Data Marketplaces. But, to fulfill the scope of data mon-
etization, additional modules such as billing and invoicing
are required. A comprehensive overview of Ecosystem Data
Marketplaces is provided by Azcoitia et al. [2].

5 Insights into the architectural Integration
of Data Catalogs

Having outlined the range of DC application classes suit-
able for enterprise-wide metadata management, this section
examines how DCs falling into these classes are integrated
into the enterprise data ecosystem from a technical perspec-
tive. Relevant questions for practitioners and research are
investigated in seperate subsections?.

5.1 Deployment Types

As depicted in Fig. 2, cloud, on-premises and hybrid de-
ployments are supported by DCs. While cloud and on-
premises deployments are the most provided options, each
has its advantages and disadvantages, leading vendors to of-
fer more than one option or advocate hybrid scenarios. On-
premises deployments have drawbacks such as upfront in-
frastructure investment and user responsibility for updates,
bug fixes, and backups. On the other hand, cloud deploy-
ments may not be able to access all on-premises systems
because they are protected by restrictive firewalls or be-
cause of data security policies. Therefore, hybrid deploy-
ments are used as a solution to mitigate the disadvantages
of both sides. Hybrid deployments use metadata harvesters
to collect metadata from source systems and forward them

3 For a comprehensive summary of the questions, approaches, and re-
sults for each subsection, see https://doi.org/10.24406/fordatis/257.
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Fig.2 Deployment Types of DCs

to the main cloud service. However, hybrid deployments
are currently the least offered deployment type.

5.2 Connectors and Integrations

The ability to automatically ingest metadata from exist-
ing data systems into a DC is another important issue for
DC integration [10]. To support holistic metadata manage-
ment, batch as well as streaming systems need to be in-
tegrated [14]. Not only upstream data sources but also
downstream data use in data analytics or business intel-
ligence tools is of interest (see Fig. 3). In terms of up-
stream data sources, nearly all DC offerings support on-
premises databases, cloud resources, and data lake or data
warehousing systems to some degree. Metadata ingestion
from data transformation or modelling platforms is often
supported because it reveals important data lineage infor-
mation. However, the support for metadata ingestion from
streaming and messaging systems is currently limited. In
addition, DC offerings currently lack comprehensive sup-
port for on-premises enterprise information systems such
as ERP and CRM software, which are important parts of
the data ecosystem in many enterprises. On the downstream

Upstream
On-premises databases
Cloud resources A
data warehouse
transformation, virtualization
Streaming and messaging 1 _

On-premises enterprise |
information systems

Integrations
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Business intelligence and |
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Fig. 3 Integrations of DCs
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side, about 80 percent of DC offerings integrate with busi-
ness intelligence tools. In addition, some DC offerings sup-
port the integration of communication and collaboration
software.

5.3 Federation

Integrating information across multiple domains and orga-
nizations to enable data discovery is a challenging task [5].
In large enterprises, there may be multiple DCs in differ-
ent domains, business units, or contexts that need to be
integrated to avoid redundant maintenance [9]. Fig. 4 sum-
marizes the findings regarding the potential for federating
different DCs. More than half of the examined offerings
provide the option to federate with at least one other DC
offering. Currently, DC federation focuses on the integra-
tion of metadata from cloud environments by integrating
with the respective context-specific DCs. Typically, DC ap-
plication programming interfaces are leveraged for data ex-
change. Endeavours for metadata federation like Apache
Atlas, Egeria, and Great Expectations are only supported
by a some DC offerings.

5.4 Data Access

Currently, how to gain access through DCs is still an open
research question [8]. Fig. 5 depicts the current status of
data access via DCs. More than half of the surveyed of-
ferings provide one of the data shopping functionalities
mentioned by Eichler et al. [10], including service-access-
management, transaction management, or subscription and
order management. The actual process of data delivery de-
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Fig.4 Federation of DCs
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pends on the DC offering. Following methods for data ac-
cess provisioning were identified:

® Push to pre-configured environment. DC with access to
actual data can push data to a previously set-up third-
party environment with access for the user, e.g., a data
warehouse.

® Push to DC provider system: DC can push data to an en-
vironment provided by the DC vendor.

o Workflow system integration: DC integrates with an ex-
ternal workflow or ticketing system and triggers a work-
flow, data access is provided manually, e.g., by creating
a new account.

o Workflow within application: DC provides options to de-
fine and execute workflows internally, data access is pro-
vided manually.

® Message outside application: DC triggers a data access
request message to a data owner or data steward in an
integrated tool outside of the DC.

® Message inside application: DC generates and sends
a data access request message to a data owner or data
steward internally.

Conducting a push of data to pre-configured environments
was identified as the most frequent mean for data provi-
sioning. However, this way is mostly provided by DC of-
ferings in the EDMP application class by leveraging ad-
ditional modules. For metadata-only applications, integrat-
ing or providing workflow capabilities is the most common
method of data provisioning.

5.5 Metadata Management Landscape

The last survey item aims to clarify the constituents of
a comprehensive metadata management landscape [8].
Therefore, modules beyond the DC functionality (data
discovery, data lineage, data governance and data collabo-
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ration) of the 17 identified EDMPs were analyzed. The
results in Fig. 6 show that data quality modules constitute
the most common addition to DCs. Master data manage-
ment modules are frequent parts of EDMPs as they enable
to create so-called “golden records” of data objects used
in many business processes. Data integration is another
popular add-on module for making data available for anal-
ysis. At the metadata management level, data privacy and
security modules complement DCs by ensuring that data
are protected and handled in accordance with business
and regulatory requirements. Some EDMPs also include
modules for data analytics. In addition, data transformation
and data modeling modules are often provided.

6 Conclusion

Despite ongoing high investments in data technologies and
human resources, the promise of data-driven enterprises has
yet to be realized. As a step toward improving data value
creation and ultimately supporting data-driven businesses,
DCs are being integrated with other metadata management
tools into metadata management landscapes that support
holistic metadata management and data governance across
the enterprise. However, implementing DCs as part of such
a metadata management landscape is challenging due to
the variety of DC application classes and a general lack of
understanding of DC integration.

To mitigate these challenges, this paper first develops
a typology of DC applications in the enterprise context.
Seven classes of DC applications could be identified and
were structured along five dimensions. The typology helps
practitioners to focus on the right DC application classes
when building enterprise metadata management landscapes.
It further supports future research by resolving the concep-
tual ambiguity around different classes of DC applications

and their relationship. Additionally, important concerns for
creating comprehensive metadata management landscapes
were analyzed by a survey of 51 Enterprise Data Catalog
and EDMP applications.

The study reveals several open challenges for research
and practice. First, Enterprise Data Marketplaces seem to
be a promising DC application class as they enable the
description and provisioning of data in a more consumer-
centric way. However, further conceptual and practical re-
search is needed to clarify and demonstrate the capabilities
and value-adds. Second, the current state of providing data
access is unsatisfying as it demands high manual efforts
on the data provider side. The automatic provisioning of
data access based on pre-defined access conditions across
all enterprise data sources therefore seems to be a promis-
ing research direction. Ultimately, more attention should
be directed towards the development and implementation
of methods and standards for the federation of metadata
management tools as organizations move towards greater
decentralization in data management.
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