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Abstract. Research Context: Ontologies have been recognized as key enablers
of digital transformation in industry. They are used to assign semantics to infor-
mation items, supporting data and knowledge management based on a common
and shared understanding and representation. They play a paramount role in
the Semantic Web and the implementation of Linked Open Data (LOD). Sci-
entific and/or Practical Problem: Developing and maintaining ontologies may
be complex, time-consuming, and resource-intensive. Additionally, traditional
sequential ontology engineering methods often fail to address industrial needs
such as changing requirements and time constraints. Iterative approaches mit-
igate some challenges but are not always sufficient. Proposed Solution and/or
Analysis: To align ontology development with information systems develop-
ment, both processes must be integrated. An end-to-end flow that integrates
and supports ontology engineering from conception to operation is required to
enable a continuous and industry-aligned process. We propose the use of a Con-
tinuous Ontology Engineering (COE) approach. We define principles that char-
acterize COE, report on its adoption in a multinational chemical company, and
share lessons learned. Related IS Theory: This work relates to the organiza-
tional knowledge creation theory. Ontologies structure and organize knowledge,
help capture tacit knowledge and transform it into explicit, enabling knowledge
integration into information systems and supporting open data publication. Re-
search Method: We conducted a participative case study to investigate the use
of COE. Summary of Results: Findings suggest that COE contributes to align-
ing ontology and information system development. However, challenges remain,
such as the lack of comprehensive and integrated tool support. Contributions
and Impact to IS area: For researchers, this work advances the state of the art
in a novel and relevant topic for developing knowledge-based systems, Semantic
Web, and LOD solutions. For practitioners, it offers knowledge about COE and
an example that may inspire organizations to implement COE practices to align
ontology and information systems development.

1. Introduction

Semantic technologies like ontologies have been recognized as key enablers of digital
transformation in industry [Ragavan et al. 2019, Jaskó et al. 2020, Sandkuhl et al. 2020,



Spoladore and Pessot 2022]. Ontologies can be used to assign semantics to infor-
mation items, supporting data and knowledge management based on a common and
shared understanding and representation [Jaskó et al. 2020, Taher et al. 2022]. By do-
ing so, they enable advanced data integration [El Kadiri and Kiritsis 2015], big data
analysis, and development of agent-based services and knowledge-based systems,
among others [Salkin et al. 2018]. When combined with Artificial Intelligence, they
form a powerful duo that turns data into knowledge and leverages business results
[Hagedorn et al. 2020, Earley 2020].

Ontologies have been recognized as conceptual tools of great importance in Com-
puter Science since the end of the 1960s, mainly in areas such as Data Modeling (con-
ceptual modeling) and Artificial Intelligence [Davis 1998, Mealy 1967]. In the last two
decades, the interest in ontologies has increased in various segments of Computer Science.
This has been motivated by the recognition of the importance of the use of ontologies in
semantic tasks (e.g., system integration, data integration, and development of knowledge-
based systems), in general, and by its role in Semantic Web development, in particular.
For instance, applications that process Linked Data available on the Web are programmed
to understand well-known vocabularies (schemas, ontologies) at the time of their writing.
Defining new vocabularies for every new data set we publish without properly linking
to existing vocabularies makes this data unintelligible to existing applications. Reusing
the appropriate vocabularies reduces heterogeneity by relying on ontological agreement
[Heath 2011].

An ontology is an artifact that represents knowledge by describing a certain reality
with some purpose. Like any artifact, ontologies have a life cycle. They are designed, im-
plemented, evaluated, modified, reused, and so on [Gangemi and Presutti 2009]. Ontol-
ogy engineers are supported by a wide range of Ontology Engineering (OE) methods and
tools. However, building ontologies is still a complex task [Noppens and Liebig 2009,
Reginato et al. 2022]. Furthermore, even though using ontologies has been recognized as
a successful approach to dealing with semantic and knowledge-related issues, it has not
been very common among practitioners yet. One possible explanation is that developing
ontologies may be time-consuming and effort-demanding, and, in many cases, the devel-
opment of a full-fledged ontology before building an ontology-based system is unfeasible
[Yildiz and Miksch 2007].

To overcome these challenges, it is necessary to better align the OE process to dy-
namic, flexible, continuous, and fast processes, like the ones involved in digital transfor-
mation. It is needed to continuously gather and prioritize requirements from several users,
keep domain experts engaged, deliver ontology modules according to time demands, re-
spond to changing knowledge, and evolve the ontology as needed [Copeland et al. 2012].
Some of these challenges are similar to those faced when developing information systems.
Hence, some methods and practices used in that context can be an inspiration.

In the last years, agile and continuous approaches have been used in information
systems development. Agile methods enable responding to changing requirements, pro-
cess adaptability, and customer involvement [Abdelaziz et al. 2017]. Continuous prac-
tices, in turn, go beyond and establish a continuous end-to-end flow between customer
demands and the fast delivery of a product or service. They provide a more holistic view
of the development process and require tight integration between activities and an effec-



tive flow between them [Fitzgerald and Stol 2017].

Some OE approaches have already considered agile practices (e.g.,
[Blomqvist et al. 2016], [Peroni 2017], [Abdelghany et al. 2019]). However, despite the
advancements from a prescriptive approach to one iterative and more aligned with mod-
ern needs, they are not enough to address cases where OE activities have a continuous
nature. For example, when ontologies are developed for an ontology-based information
system whose development process is based on agile and continuous practices, there are
unclear or changing ontology requirements and time constraints. In such cases, the infor-
mation system is developed iteratively, in a continuous and automated flow that goes from
the client’s needs to the delivery of system modules and their use in the production envi-
ronment. The process is continuously performed and repeated until the system is ready
and fully working in production. Therefore, the OE process needs to be aligned with the
system development process. For that, the ontology needs to be developed gradually, and
the OE activities need to be integrated into a continuous and automated flow that covers
from the system knowledge demands (which can change as the system development
progresses) to the delivery of the ontology modules into the production environment (in
this case, the ontology production environment is the system development environment).

Concerned with continuity and a better alignment between information systems
and ontology development, Salamon and Barcellos (2022) raised the Continuous Ontol-
ogy Engineering (COE) term and proposed the COnTE framework, which defines a set
of interrelated processes that describe COE. However, they do not provide fundamental
theoretical aspects that provide knowledge and support processes execution. Therefore,
in this paper, we extend the knowledge about COE by defining a set of principles to char-
acterize COE. This paper contributes in two ways: to the state of the art, by increasing
knowledge about COE, a relevant topic for ontology-based systems, Semantic Web and
LOD solutions; and to the state of the practice by reporting lessons learned from a case
study in a large organization that has adopted COE practices to align information systems
and ontology development. The lessons can help other organizations that want to apply
COE practices.

The paper is organized as follows: Section 2 concerns continuous practices in
information systems development and ontology engineering, providing the background
for the paper; Section 3 increases knowledge about COE by discussing some core aspects;
Section 4 reports on the experience of performing some COE practices in a real setting and
discusses some lessons learned; Section 5 discusses related work, and Section 6 concludes
the paper.

2. Background
In this section, we provide a theoretical foundation of continuous practices and present
basic knowledge about Ontologies and Ontology Engineering.

2.1. Continuous Practices in Information System Development
Characteristics and demands of the modern and digital society have transformed the in-
formation system development scenario and presented new challenges, such as the need
for faster deliveries, frequent changes in requirements, lower tolerance to failures, and the
need to adapt to contemporary business models [Barcellos 2020]. Agile and continuous
practices have been adopted to address these challenges.



The continuous and holistic perspective of system development (particularly
its software component) has been explored in a recent subarea of Software Engi-
neering called Continuous Software Engineering (CSE), which seeks to transform
discrete development practices into more iterative, flexible, and continuous ones
[Fitzgerald and Stol 2017]. CSE involves agile practices and goes beyond. In CSE, de-
velopment is iterative and performed in short cycles, customers are proactive, and stake-
holders are involved in the process, learning from usage data and feedback. Planning is
continuous, as is requirements engineering, which focuses on features, modularized archi-
tecture and design, and fast response to changes. There is continuous integration of work,
continuous delivery, and continuous deployment of releases. Code is carefully managed
through version control, branching strategies, fast commits, code coverage, and code re-
views. Quality assurance involves automated tests, regular builds, pull requests, audits,
and run-time adaptation. Knowledge is shared through continuous learning, capturing
decisions and rationale [Johanssen et al. 2019]. Tooling support is crucial to establish a
continuous and fluid end-to-end flow from the customer demand to the delivery and use
of the product or service [Fitzgerald and Stol 2017, Barcellos 2020].

2.2. Ontology and Ontology Engineering

An ontology is a formal and explicit specification of a shared conceptualization
[Studer et al. 1998]. An important distinction differentiates ontologies as conceptual
models, called reference ontologies, from ontologies as computational artifacts, called
operational ontologies. A reference ontology is a conceptual model constructed with
the goal of making the best possible description of the domain in reality, regardless of
computational properties. Operational ontologies, in turn, are designed with the focus
on guaranteeing desirable computational properties and, thus, are machine-readable
[Guizzardi 2007].

Developing ontologies involves activities such as requirements identifica-
tion, ontology formalization, implementation, and evaluation. OE methods or-
ganize them and provide guidelines to assist ontology engineers. Some, such
as SABiO [Falbo 2014], NeOn [Suárez-Figueroa et al. 2011], and METHONTOL-
OGY [Fernández-López et al. 1997], follow a prescriptive approach. Others, such
as eXtreme Design [Blomqvist et al. 2016], SAMOD [Peroni 2017], and AMOD
[Abdelghany et al. 2019], include agile practices (e.g., incremental development in short
cycles).

A few works have pointed out the need to approach OE also from a holistic and
continuous perspective. Cummings and Stacey (2018) propose Lean Ontology Develop-
ment (LOD), which is inspired by Lean Startup [Ries 2011] and agile development. It
defines a set of principles, such as Continuous Development, Minimum Viable Ontology
via Prioritization, Community Evaluation, Ontology as API, Reuse, and Sustainability, to
make development activities more flexible, continuous, and aligned with the user needs.
Salamon and Barcellos (2022) advance the discussion by advocating that disregarding
continuity hampers collaborative ontology development, which is particularly important
to build ontologies to support information systems development, requiring integrated tools
and automated workflow for an end-to-end flow. Thus, they set the Continuous Ontol-
ogy Engineering (COE) term and propose COntE, a framework containing interrelated
processes to define a workflow that enables agility, continuity, integration, and business



alignment in OE.

3. COE Principles

The COntE framework was introduced in [Salamon and Barcellos 2022], providing an
overview of COE. However, it lacks foundational knowledge to characterize COE and
help organizations adopt it to align ontology and information system development.
Hence, in this section, we define a set of principles that characterize COE. COE is much
inspired by CSE; thus, we draw on CSE foundations. To exemplify initiatives aligned
with COE principles, we also refer to some works related to them.

Iterative Development: COE evolves agile development to achieve a more inte-
grated and continuous process. Hence, COE includes agile practices. The OE process
is performed iteratively, by cross-functional teams, in short time boxes, and consider-
ing a product backlog containing a prioritized list of work items to develop the ontology
(e.g., ontology requirements). At the end of the iteration, a working product (e.g., an on-
tology module) is delivered to users, establishing close collaboration between them and
ontology engineers. Frequent deliveries help ensure that the ontology meets stakeholder
needs. Iterative development implies ontology modularization and continuous revision
and (re)prioritization of requirements. In each iteration, new requirements are elicited or
further detailed, implemented, tested, and a new version of the ontology is made available.

Alignment between development and operation: The recent increase in the
number and frequency of deliveries revealed the need for a strong collaboration between
development (Dev) and operations (Ops) to avoid long delays in releases to customers.
DevOps [Debois et al. 2011] was proposed to align software development and deploy-
ment into production. It relies on full automation of build, testing, and deployment to
achieve short lead times and, consequently, rapid feedback from users. It involves a set of
activities (plan, code, build, test, release, deploy, operate, monitor) that can be organized
in pipelines to integrate and accelerate tasks in a continuous and automated cycle. In OE,
especially in industry, where ontologies are often developed not to be the end product,
but to be coupled with information systems, engineers need to get development and oper-
ation closer to reduce lead time and deliver high-quality ontologies. Thus, it is necessary
to establish an automated process integrating ontology build, test, and deploy activities
(e.g., by dealing with ontology as code and using CI/CD pipelines). In recent years, some
approaches have been proposed in this direction by providing a set of automation capabil-
ities to support OE tasks. For example, ROBOT [Jackson et al. 2019] provides features
for automated testing, such as reasoning, to ensure that the ontology is logically coher-
ent; querying, to run SPARQL queries and ensure compliance to results; and verification,
to ensure that the ontology conforms to a predetermined set of conditions. OnToology
[Alobaid et al. 2019] provides automated support for documentation, evaluation, releas-
ing, and versioning. OntoMaven [Paschke and Schäfermeier 2018] helps manage ontol-
ogy artifacts in distributed repositories, to support ontology reuse from large repositories,
ontology life cycle management, and transitive dependency management. Allemang et al.
(2021) present a portable open-source infrastructure that manages ontologies as source
code and offers features to automatically run ontology unit-level testing as part of the on-
tology integration and publication process.

Alignment between development and business: Product development should



take the business goals into account to bring the most value out of the developed solu-
tion. In CSE, analogous to DevOps, BizDev aims at alignment and continuity, but now
between business and development [Fitzgerald and Stol 2017]. Therefore, it is necessary
to continuously perform activities to ensure that the product being developed and deliv-
ered is aligned with the organization’s needs and goals. In OE, the product is an on-
tology and is no different. In industry, ontologies are often developed involving stake-
holders from different departments/areas to leverage IT solutions and bring value out of
the data they handle. In COE, BizDev can be achieved by bringing the stakeholders
closer to the OE process and giving them important tasks, such as domain knowledge
gathering, requirements definition, prioritization and evaluation, and continuous feed-
back. This fosters collaboration between developers and domain experts. Besides, to add
value, the ontology development project must be aligned with business constraints such
as budget and schedule. For that, waste must be avoided. According to Lean Thinking
[Womack and Jones 1997], any activity that does not add value is a waste and should be
removed. Overproduction of unwanted or unneeded features leads to a waste of resources
[Womack and Jones 1997, Ohno 1988]. Therefore, collaborating with stakeholders and
getting their feedback is key to ensuring the alignment between ontology development
and business.

Continuous feedback and experimentation: This aspect emphasizes continu-
ous learning through data and experimentation and relies on the Lean Startups’ Build-
Measure-Learn principle [Ries 2011], which establishes a continuous feedback cycle
comprising earlier implementation of ideas, user response evaluation, lessons learned
identification, and idea refinement. The argument for keeping this cycle is that the faster
we understand what constitutes value for the users, the better [Fitzgerald and Stol 2017].
In CSE, tests A/B are often used to get user feedback on new features and choose the ones
to be added to the product. Moreover, user feedback is continuously and automatically
collected during the software use in order to improve it. Continuous feedback is key to
enabling continuous engineering. In COE, experiments can be conducted to evaluate the
ontology and capture continuous feedback by considering user data and feedback. For
example, users (e.g., domain experts, system engineers who use the ontology to develop
a system, and data consumers who use the ontology to represent and analyze data) can
be asked to evaluate different representations of a domain portion and provide feedback
on them. The feedback will help ontology engineers decide which representation to use.
Users can also be continuously stimulated to provide feedback on the ontology in use
(e.g., “is any necessary concept missing?”). User feedback is key to identifying problems
and improvement opportunities, and defining or adjusting plans considering the ontology
modules to be developed or adjusted. Experiments can also be used to evaluate OE meth-
ods, tools, and practices, which helps to choose the most suitable ones to develop the
ontology.

End-to-end flow: A core concept of CSE comes from Lean Thinking
[Womack and Jones 1997]: flow. It refers to a connected set of value-creating actions.
Establishing a continuous flow means leveraging an end-to-end flow that considers the or-
ganizational functions necessary to deliver the desired outcome (e.g., planning, develop-
ment, deployment, maintenance, and operation) [Fitzgerald and Stol 2017]. This percep-
tion of the engineering process as an end-to-end process involving much more than devel-
opment activities is a crucial difference between agile and lean (continuous) paradigms.



While the former is mostly focused on performing development activities iteratively, the
latter aims to “see the whole” and has a very explicit focus on the end-to-end process
from customer to delivery [Petersen 2011]. In COE, there must be a continuous flow in-
volving all OE activities, from the ontology conception as the chosen strategy to achieve
business goals, passing through development activities (e.g., requirements definition, con-
ceptual model development, implementation), to the evaluation of the ontology use to ver-
ify whether the established goals have been achieved. It is important to notice that this
flow goes beyond the repetition of development activities organized in iterations. There
is a continuous concern with the motivations for developing the ontology and also with
what happens after the ontology is delivered (e.g., how it has been used, and how it has
impacted its users and the organization). This information is a vital input to the next it-
erations. Budget, schedule, and other organizational functions must also be involved in
the flow. Moreover, in cases where ontologies are built in the context of system informa-
tion development, the ontology and system development processes must be in harmony.
Hence, it is necessary to consider them holistically to properly understand the whole flow
between the production of the ontological artifacts and their use by the applications.

Integrated tool support: Continuous engineering depends heavily on automa-
tion to enable end-to-end flow and built-in quality. Different from non-continuous ap-
proaches, isolated tools are not enough for continuous engineering. The tools need to be
integrated in such a way that outcomes produced in a task are inputs for the next ones,
in a continuous and automated flow. Moreover, it is necessary to closely monitor qual-
ity during the production process (e.g., software organizations often have an indicator
that turns red as soon as the build fails and proofing mechanisms to help eliminate er-
rors and identify problems as soon as possible) [Fitzgerald and Stol 2017]. In OE, some
tools have been proposed to help built-in quality. For example, Fonseca et al. (2021)
propose a plugin in Visual Paradigm2 that aids in developing conceptual models in On-
toUML [Guizzardi 2005, Guizzardi et al. 2021] and relies on proofing mechanisms that
avoid or eliminate errors. Chávez-Feria et al. (2022) , in turn, provide a drawing li-
brary and a diagram converter to OWL language, helping find and fix errors faster. Be-
sides tools like these, in COE, an integrated suite of tools is needed to support the en-
tire process. However, achieving full automation in OE is challenging. There are some
promising initiatives towards an integrated suite. They have tackled mostly implementa-
tion, testing, and delivery activities (i.e., DevOps). For example, Allemang et. al (2021)
propose a collaborative ontology development platform based on software tools, includ-
ing CI platforms, version control systems, testing platforms, and review workflows. Ma-
tentzoglu et. al (2022), in turn, present the Ontology Development Kit (ODK), which
contains a set of executable ontology-engineering workflows and a toolbox to aid in the
ontology life cycle management. The workflows are delivered as a Git repository, while
the toolbox is delivered as a Docker image and includes the tools necessary to execute
the workflows (from command-line utilities to ontology pipeline tools such as ROBOT
[Jackson et al. 2019] and dosdp-tools [Osumi-Sutherland et al. 2017]). Similarly, Vo-
Col3[Halilaj et al. 2016] supports collaborative ontology development and uses Git repos-
itories to maintain ontology-related files. It supports ontology evaluation, documentation,
visualization, and publication.

2https://www.visual-paradigm.com/
3https://github.com/vocol/vocol



Holistic continuous improvement: To produce better outcomes, a continuous
improvement cycle is needed. Improvements can happen incrementally or through rad-
ical steps to start the transformation and, thus, follow with incremental improvements.
The improvement must be holistic, i.e., consider all the organizational functions involved
in the product development, as well as other stakeholders. Otherwise, tension points with
the not considered parts can cause barriers to improvements [Fitzgerald and Stol 2017].
Therefore, the focus of improvement actions must go beyond ontology development ac-
tivities and take into account all other activities, their interactions, and the involved par-
ties. Continuous improvement depends on continuous feedback from stakeholders (about
both product and process). Hence, it is crucial to regularly check if stakeholders feel
themselves as an important part of the process. Moreover, holistic continuous improve-
ment relies on communication among all the organizational functions involved in product
development, so that strengths and weaknesses in the OE process can be identified.

4. Investigating COE in Practice
In Section 3 we presented the main COE principles. Now, we discuss COE in practice. In
this section, we report a participative case study carried out at BASF. Participative case
study was selected as the research method in this study because two researchers work at
BASF and were participants in the process being observed [Baskerville 1997].

BASF is a European multinational company and the largest chemical producer in
the world. Its headquarters are located in Germany, with over 111.000 employees world-
wide. Like many large organizations, in BASF there are data silos resulting from data
stored in different systems. Data silos can lead to inefficiencies, inconsistencies, and
missed opportunities for data analysis and insights. They pose a challenge for organiza-
tions that want to leverage their data assets and gain a competitive edge [Kumar 2023].
To deal with this scenario, BASF has developed and used ontologies for describing data
across the organization and interoperating systems to leverage decision-making and im-
prove data quality.

The study goal was to investigate the adoption of COE principles in practice.
Aligned with this goal, the study seeks to answer the following research question: How
have COE principles been adopted in an organization?

The procedure followed in the study included four steps: (i) explaining the COE
principles to the study participants (a team of employees, who work developing ontologies
to support the development of computational solutions); (ii) gathering information about
the ontology development approach adopted at BASF; (iii) applying a questionnaire and
perform interviews to obtain feedback from the participants regarding the adopted prac-
tices; (iv) analyzing collected data and recording lessons learned.

The instrument used in the study consisted of a form created in Microsoft Forms
to collect the participants’ answers. It was composed of a consent term for participation in
the study and two sections of questions. The first section contained six closed questions
to characterize the participant. The second section was composed of fourteen questions
related to the research question. Eleven were closed questions. The participant was asked
to justify their answer or provide clarifications in three of them. There was also an open
question for the participant to provide general comments and suggestions.

The study’s participants needed to be people from the organization who have



Figure 1. Overview of the OE process at BASF.

worked in the organization’s ontology engineering process and its interaction with the
system development process. Nine employees participated in the study. Regarding the
academic background, four have a doctoral degree, three have a master’s degree, and two
are doctoral students. Regarding practical experience, four have worked with ontologies
for 5 to 10 years, two for 3 to 5 years, two for 1 to 3 years, and one for less than a year.

Next, we present an overview of the OE process adopted in BASF (Section 4.1),
analyze it in light of COE principles (Section 4.2), and summarize the main lessons de-
rived from the collected data, experience at the organization, and feedback from partici-
pants (Section 4.3). Due to confidentiality reasons, the collected data cannot be published.

4.1. OE process adopted at BASF

To ensure that ontology development follows common rules, BASF defined a process
model that provides a set of principles, standards, and best practices to guide ontology
development. When following it, BASF has implemented some practices towards COE.
Figure 1 presents an overview of the model. The figure was created by the authors based
on the steps taken by the practitioners when following the company’s process model. For
simplification reasons, we omit some steps (e.g., in the first iteration, there is a kickoff step
to launch the project, present the starting points and initial timeline, and create the project
repository on a git-based application). Following, we briefly describe the macro-steps.

Requirements Specification: In the first iteration, ontology engineers identify
the ontology community, which comprises the project stakeholders. Initial conversations
result in an overview of the domain to be covered. Requirements are defined through use
cases and competency questions (CQs) that are recorded in a document. The ontology
portion to be developed in the iteration and the resources to be considered are identified.
In each iteration, the use cases and CQs to be addressed are selected, reviewed, and new
ones are defined according to the stakeholders’ needs. Documents are stored on the git
repository and a project management tool is used to store requirements and track their



status and prioritization.

Implementation: Ontology engineers gather domain knowledge from ex-
perts and develop the reference ontology for the module to be addressed. The
conceptual models (diagrams) are created, for example, in Draw.io7 and Chowlk
tools8[Chávez-Feria et al. 2022]. Once the reference ontology is validated (the require-
ments and the conceptual patterns that answer them are evaluated by domain experts
in meetings using, for example, slide presentations), the operational ontology is imple-
mented. For that, the diagrams are exported and converted into a machine-readable on-
tology language. Alternatively, the ontology can be implemented on an ontology editor
(e.g., Web-Protégé9[Musen 2015]), or programmatically (e.g., via Python scripts). The
ontology module produced is integrated with those already developed. Modular develop-
ment can be made in a single file (i.e., integration involves one master ontology) or using
different files and repositories (i.e., integration involves one master ontology and other
ontology branches/files). Tests are carried out to ensure fulfillment of requirements, com-
pliance with standards, consistency regarding non-contradiction, and syntax, semantics,
and modeling correctness. SPARQL queries and reasoners (e.g., Hermit10) are used to
evaluate the operational ontology. Diagrams and the operational ontology are stored on
the git repository to allow automated tasks. The SPARQL queries derived for each CQ
are recorded on the project management tool for traceability and unit testing.

Publication: A license document is produced defining the terms of the use of
the ontology. Tools like WIDOCO [Garijo 2017] are used to automatically generate the
ontology documentation. A merge request is made and the files are evaluated by the
ROBOT tool [Jackson et al. 2019] and some internally developed scripts. Verification
includes analysis of ontology metadata and quality assurance. Validation involves the
execution of SPARQL queries validating the requirements and execution of reasoning
tools. When the artifacts pass the evaluations, the ontology is published as an ontology-as-
a-service, which enables the use of the ontology in different use cases (it can be searched
for, downloaded, or accessed via API).

Maintenance: Once the ontology is published, users can use it and report bugs
that require corrective maintenance, which are recorded as Bug Reports. Users can also
request minor changes (e.g., add comments, synonyms, alternative labels in another lan-
guage), which are recorded as Issue Reports on the git repository. Moreover, based on
user feedback, ontology engineers can identify the need to address new requirements in
new versions of the ontology.

4.2. Analyzing BASF OE practices in light of COE

In this section, we discuss the OE practices adopted in BASF in light of the COE princi-
ples introduced in Section 3.

BASF adopts iterative development, with small and cross-functional teams (e.g.,
including ontology engineers and domain experts) building modular ontologies based on
an ontology backlog that contains prioritized CQs. Time boxes are short but may have

7https://www.drawio.com/
8https://chowlk.linkeddata.es/notation.html and https://chowlk.linkeddata.es/
9https://protege.stanford.edu/

10http://www.hermit-reasoner.com/



different durations depending on the complexity of the module to be developed and the
availability of domain experts to answer questions and participate in sessions to evaluate
the knowledge represented in the ontology module. Requirements are reviewed and re-
prioritized by the experts at each iteration to accommodate new understandings of the
domain. At the end of the iteration, the built module is made available through a service
that enables ontology use.

To ensure alignment between development and business, ontologies are developed
considering use cases that describe specific applications (e.g., data analytics, software
development) desired by the organization. Domain experts and people from other orga-
nizational functions (e.g., system engineers who use the ontologies in their projects) are
given responsibilities in the OE process to foster closer collaboration. For example, do-
main experts participate in meetings to prioritize requirements and evaluate the produced
artifacts. System engineers can be asked to evaluate the ontology in use. This allows iden-
tifying expectation misalignments as soon as they occur and taking action to realign them.
Especially when developing very complex ontologies, which may take many iterations to
complete, BASF finds it imperative to keep in touch with domain experts and application
owners to ensure the ontology remains a priority and there is a clear plan for its use. To
meet budget and time constraints, the OE process follows a standard workflow that aims at
reducing waste with overproduction. Moreover, as the ontology development progresses,
alignment with expected costs and time is monitored and reviewed if necessary.

To achieve alignment between development and operations, BASF implements
DevOps practices. For example, to ensure fast delivery of ontology modules and feed-
back, a CI/CD pipeline is used. Quality is monitored through internally defined metrics.
A culture of shared responsibility for the delivery of quality ontologies is institutionalized.

Despite BASF capturing user feedback, this is not done automatically and contin-
uously. Hence, BASF has not yet implemented continuous feedback and experimentation.
Feedback on the ontology in use is mainly provided during the Maintenance step, when
users point out bugs, issues, and new requirements. Users can also report needs to be
addressed in future projects. The provided feedback helps improve the ontology under
development and contributes to identifying improvement opportunities in the OE process,
tools, and methods used, among others. Feedback is also collected during the Require-
ments and Implementation steps to ensure that the developed modules correctly represent
the desired knowledge.

BASF has taken the first steps toward an end-to-end flow. The adopted OE pro-
cess organizes activities in a flow in which outputs of one activity are used as inputs
for the next, involves different organizational functions, manages stakeholder needs and
feedback, evaluates ontology usage, and is supported by automation CI/CD pipelines (De-
vOps). However, some aspects can be improved. For example, user feedback could be
continuously and automatically captured, and the alignment between the ontology project
and the organization’s strategy, budget, and deadlines could be more explicit (e.g., through
activities devoted to it). Moreover, the process still lacks automation in some activities. It
relies on an integrated infrastructure comprising several tools and guidelines, and on other
tools outside this infrastructure. However, integrated tool support still has some limita-
tions regarding the tools’ scope and the integration itself. Concerning scope, there is no
tool devoted to ontology requirements activities and continuous/automatic feedback. Re-



garding integration, the integrated infrastructure includes pipelines for automatic verifica-
tions, validations, documentation, and deployment, Web-Protégé, endpoints for querying
and searching, etc. Other tools (e.g., project management tools) are not part of the inte-
grated infrastructure provided by BASF, but are used in several projects to complement
the infrastructure features. As they are not part of the infrastructure, they work in isola-
tion, hampering full integration. The lack of full tool support impacts the end-to-end flow
because of the strong bond between flow and automation.

Aiming at holistic continuous improvement, in addition to user feedback, BASF
collects feedback from other stakeholders, considering all organizational functions in-
volved in the OE process. They are asked to participate in surveys and express their opin-
ion about the ontologies, built solutions, OE process, and their participation in it. This
helps get a holistic view of the OE process, its products, and how they are perceived in
the organization. Moreover, there are frequent meetings involving several development
teams when they share ideas, feedback, and so on, and join efforts to improve OE prac-
tices, tools, and guidelines.

4.3. Perceptions from the Field and Lessons Learned

In this section, we share lessons learned identified from the collected data, feedback from
participants, and our experience at the organization.

Providing a comprehensive and integrated suite of tools is needed but chal-
lenging: Automation is key for enabling a workflow throughout the OE process. How-
ever, achieving a comprehensive and integrated toolset is not trivial. As seen in BASF,
despite having a suite integrating several tools, organizations may need to incorporate
other tools to get more comprehensive support. However, tool integration is challenging
and may take time. OE involves activities that handle artifacts of different natures (e.g.,
text, model, code), which makes it difficult to achieve full integration. When using tools
to support implementation, testing, and publication, artifacts are machine-readable, which
facilitates integration. In contrast, when dealing with tools to support requirements elic-
itation and conceptual modeling, it is harder to integrate requirements recorded in docu-
ments and management tools with modeling tools. Hence, organizations can spend effort
on integrating the tools or use some of them separately (as is currently the BASF case)
and manage integration manually, considering the produced artifacts (e.g., by ensuring
that the requirements recorded in a document are addressed in the ontology models and
code). Considering the difficulties in achieving a fully automated end-to-end flow, organi-
zations should choose the tools suitable for their needs (i.e., those that are most beneficial,
deliver value faster, and build up from that) and integrate them as much as possible. For
the ones not integrated into the automated flow, it is necessary to set rules and procedures
to ensure integration through the produced artifacts. Besides achieving a satisfactory tool-
ing suite for ontology development itself, it is also important and a current challenge to
ensure that ontology development pipelines and resulting artifacts can be seamlessly inte-
grated into information systems pipelines, providing a unified view of the workflow. The
artifacts resulting from ontology development must be available for consumption by other
systems to allow exchange during the steps of both processes.

Defining use cases helps align ontology development and business: Use cases
are useful to clarify why the ontology is developed (e.g., support data analytics, structure



knowledge for system development) and how it will be used. Defining them helps verify
if the ontology development fits the business needs. To identify use cases, some key
business questions can be asked, such as “what benefits (e.g., in terms of time, effort,
money) will the ontology bring to the company?”, “which pains will the ontology help
solve?”, “will the ontology impact the core business or a business unit?” or “what if
we do not develop the ontology?”. Such questions are useful to guide stakeholders in
identifying use cases where the ontology will deliver business value and help avoid waste
and overproduction. These use cases also support the development of ontology-based
systems, helping stakeholders visualize how they want to consume the ontology inside
the systems and discover new system requirements. This ensures the ontology usage will
bring value to the business by continuously improving the system. On the other side,
the system usage can also bring new requirements to the ontology, creating a living and
evolving ecosystem.

Planning needs to be rechecked with stakeholders regularly to maintain de-
velopment and business alignment: Business needs can change rapidly, leading to read-
justments in project priorities and budget. In ontology development, these changes may
cause, for instance, domain experts to reduce their participation, ontology engineers to be
reallocated, and requirements considered key to become secondary. Often, business needs
are discussed internally in the business unit. Hence, it is crucial to stay close to business
stakeholders to follow changes in business needs and priorities so that ontology develop-
ment can be re-planned accordingly. Similarly, the use cases initially identified should be
revisited in each iteration. It is common that, as ontology development progresses, stake-
holders have clearer ideas of ontology usage. Therefore, use cases, requirements, and
prioritization need to be revisited to enable development plans to be adjusted promptly,
contributing to better resource management. Moreover, ontology development planning
and prioritization must be coupled with information systems development planning and
prioritization to ensure that the ontology modules being delivered are in tune with the in-
formation needed by the system at each point in time, in order to organize and streamline
the deliveries.

A well-established flow between the development of reference and operational
ontologies contributes to the continuous evolution of these artifacts: Translation of a
reference ontology into an operational one should be as smooth and automated as pos-
sible to facilitate continuous evolution. The operational ontology should not be created
from scratch by a human mirroring the knowledge from the reference ontology, which is
error-prone and difficult to maintain. An environment that enables the reference ontology
model to be automatically transformed into the operational ontology is necessary. This
can be achieved by using tools such as Chowlk or model transformation approaches (e.g.,
Model-Driven Development) that translate the reference model into an operational model
by following transformation rules. When this transformation is seamless, operational ar-
tifacts are produced faster and can be tested more frequently, contributing to continuous
built-in quality and evolution. As the ontology acts as a pillar for developing ontology-
based systems, faster and reliable delivery of operational artifacts impacts the system de-
velopment. Additionally, the integration of the new ontology modules can be tested faster
and more frequently, improving the quality and evolution of the information system.

Continuity requires culture change: Besides technical changes, COE involves



a cultural change of a well-established end-to-end flow and jointing responsibility to de-
liver high-quality and ready-to-use ontologies. Continuity requires the involvement of
people from different organizational functions, and they are not mere spectators but re-
sponsible for the results. Achieving cultural change may not be easy. Starting with small
changes and gradually adding new ones is a good approach. Once people experience
the benefits, they become disseminators, helping to spread the culture to other members
[dos Santos Júnior et al. 2022]. At BASF, the changes started in the core development
activities. People perceived the benefits and became eager for the next changes, which
have been implemented gradually. Furthermore, outreach activities are useful to create a
collective awareness of the importance of adopting new OE strategies. In addition, com-
mitment from the top levels of the company hierarchy is necessary to establish the new
strategies. Ontology development needs to become a business value to ensure a commu-
nity commitment to a long-lived ontology journey. This journey travels through the valley
of information systems development as well, where the integration of ontologies must be
seen by the roles with decision-making capabilities as a high-value weapon for the deliv-
ery of interoperable and sustainable systems. Ontologies ensure that the data foundations
are solid to enable the systems to go through the changes necessary to evolve and continue
to leverage the business capabilities as the world and market change.

Clear communication is essential: Communication problems are a recurring
bottleneck in systems development. For instance, gathering feedback and reaching an
agreement among different stakeholders often involves communication challenges (e.g.,
conflicts and expectations management). With COE, communication challenges can be
accentuated because many stakeholders are involved in the OE process, from different or-
ganizational functions and with different backgrounds, viewpoints, and needs. To address
communication challenges, it is necessary to establish communication strategies and in-
form the interested parties. The strategies must address all stakeholders and consider the
entire OE process. For example, as at BASF, after identifying the stakeholders, meetings
can be performed with each stakeholder or with the ones playing the same role to get their
needs and understandings. After analyzing all the perspectives, ontology engineers can
present the results to the stakeholders and discuss conflicts and disagreements to reach a
consensus on what needs to be met.

The ontology concepts can also be evaluated by the stakeholders individually to
reduce bias. The consensual concepts can be communicated, and the divergent ones can
be discussed with all. Another communication challenge stems from the domain complex-
ity, which may lead ontology engineers not to ask the right questions to the right people.
SE requirements engineering techniques can help in this matter. Likewise, works such as
[Norris et al. 2021], which describes techniques from behavioral sciences to engage ex-
perts in ontology development, can be applied to ease communication. After all, commu-
nication demands soft skills to understand stakeholders’ profiles and behaviors and find
the best way to approach them. Finally, as many people are involved in the end-to-end
flow that aims at delivering valuable ontologies, it is paramount to communicate the OE
process clearly to all involved parties. This involves representing the process graphically
to provide an overview of it and describing its phases, activities, involved roles, inputs,
outputs, and supporting tools, as has been done at BASF.

In the context of systems development, communication needs to be clear, effi-



cient, and frequent among the multidisciplinary team to ensure that all those involved in
the development processes are aware of the artifacts being delivered, timelines, and how
the processes align and cross each other. When clear communication is not enforced or
communication channels do not exist, both processes can diverge, creating solutions that
are not valuable for the business and wasting resources.

Continuous experimentation and continuous feedback are not usual in OE:
When developing an information system, it is common to get automatic and continuous
feedback from users during application usage. In OE, in turn, collecting feedback in
such a way is not usual because the ontology does not run or is not used as a software
application. In OE, feedback is often captured to support product decisions (e.g., ontol-
ogy enhancements) and feed new business (e.g., prioritization of new ontology projects).
However, capture is not necessarily continuous or automated. Collecting feedback re-
quires commitment from all organizational functions involved in the OE process. Getting
closer to the way CSE addresses user feedback might improve feedback capture in COE.
But it is still necessary to investigate this in-depth. Concerning experimentation, it can be
beneficial to decide on methods and tools to be used. However, if they have already been
defined by the organization, there is less opportunity to experience new ones. Even so,
depending on the project or team characteristics, other methods or tools may be more suit-
able and should be considered. Thus, providing an environment that allows for running
experiments and collecting feedback is desirable. Moreover, when addressing continuous
feedback in ontology-based information systems, the ontology can be influenced by the
system feedback, as a side effect of the changes made in the system due to the feedback.
Furthermore, when adapting and continuously experimenting on the system, the ontol-
ogy will serve as a reliable backbone to ensure that changes to the system or new features
remain coherent across modules and do not hamper global consistency.

5. Related Work
Although there are several works that propose OE methods aiming at fast and iterative
development, and reinforce the need for integrated tools to support the OE process
(e.g., [Poveda-Villalón et al. 2022] and [Allemang et al. 2021]), only a few are con-
cerned with the integration of OE into systems development. Besides our work, only
[Cummings and Stacey 2018] and [Salamon and Barcellos 2022] advocate the connec-
tion between the development of an ontology and the application that intends to use it.
Cummings and Stacey (2018) propose Lean Ontology Development (LOD), providing
a set of principles to adapt agile and lean software development to ontology develop-
ment. Salamon and Barcellos (2022), in turn, propose a framework composed of a set of
interrelated processes that describe COE.

Different from our work, the cited works do not define fundamental principles
that provide knowledge to support OE continuously and aligned with the development
of ontology-based systems. Moreover, they do not discuss aspects such as the im-
portance of an end-to-end flow connecting different organizational functions and align-
ment between development and business, among others. Our work focuses on the
overall process, providing the conceptual foundations to understand COE and improve
both the ontology development process and the connection between the ontology and
the system development processes, and discussing aspects that flow from one to the
other and around the organization. With this work, we complement the LOD principles



[Cummings and Stacey 2018] and provide knowledge that is not available in the COntE
framework [Salamon and Barcellos 2022], which is only focused on processes.

Another distinction of our work is that we present a real case describing the ap-
plication of continuous practices in projects that involve both ontology and information
systems development. Additionally, we bring a set of actionable lessons learned from this
case that can be implemented in organizations that want to improve their processes.

6. Final Considerations
Data, as the core resource of corporate digital transformation, is becoming increasingly
important in decision-making, enabling companies to more accurately grasp market dy-
namics, optimize resource allocation, and improve operational efficiency, thereby gaining
a competitive edge in fierce market competition [Yang 2025]. To maximize its value, it
must be interconnected, and first, it is important to strengthen its foundations. For that,
we can use ontologies. However, developing ontologies and integrating them into infor-
mation systems that handle the data is not trivial. To ease this load, both development
processes must be carried out in harmony. Thus, we need to improve the alignment be-
tween ontology and systems development. For that, in this paper, we discussed principles
of COE, a novel approach to ontology engineering, its application in a large company, and
lessons learned from that experience.

This paper contributes to advancing research on a recent topic. The implications
for researchers include opportunities to advance the topic based on the identified gaps and
challenges. For practitioners, in turn, the implications include the possibility of applying
the principles, practices, and lessons discussed in this paper to implement OE practices or
improve existing ones. This work is a pioneer and opens the road to discussing the need
to integrate OE and system development better and provide advances in this matter.

As discussed, COE evolves agile development by preconizing an end-to-end flow
that goes beyond development activities and considers a more comprehensive view of the
OE processes, involving several organizational functions. By doing that, COE includes
agile practices plus other practices (e.g., DevOps) and concerns. This perspective is par-
ticularly necessary for industry settings that adopt continuous practices in the develop-
ment of ontology-based systems. COE is a recent topic and further research is necessary
to address aspects such as tools integration, culture change (e.g., shared responsibility,
focus beyond the development activities), and soft skills development.

As for the limitations of this work, we must highlight its generalization capability.
The information shared in the paper is case-based (i.e., we reported the experience of a
single organization). A recognized limitation in this context is the ability to generalize
from the case-specific to different cases. Wieringa and Daneva (2015) argue that in such
cases generalization can be established for similar cases and, although are not universal,
they are useful in practice. Another limitation refers to the participation of two authors
who work at the company. On one hand, this helps get a deeper understanding of how the
company works and can facilitate collecting information from other employees. On the
other hand, bias cannot be eliminated. Therefore, new studies are necessary to produce
robust evidence on the use of COE and its influence on information systems development.

In this sense, as future work, we plan to study other organizations. It should also
be noted that there are still no well-established practical guidelines on how to carry out



COE. The COntE framework proposed by Salamon and Barcellos (2022) provides an
overview of COE processes, but does not detail them. Therefore, we intend to describe
guidelines and develop a diagnostic instrument to support organizations in implementing
COE practices. As future steps at BASF, we plan to address gaps and improvement op-
portunities to help the company evolve in the COE journey and improve the integration
between ontology and system development.
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methodology for ontology engineering. In Ontology engineering in a networked world,
pages 9–34. Springer.

Taher, A., Vahdatikhaki, F., and Hammad, A. (2022). Formalizing knowledge representa-
tion in earthwork operations through development of domain ontology. Engineering,
Construction and Architectural Management, 29(6):2382–2414.

Wieringa, R. and Daneva, M. (2015). Six strategies for generalizing software engineering
theories. Science of computer programming, 101:136–152.

Womack, J. P. and Jones, D. T. (1997). Lean thinking—banish waste and create wealth in
your corporation. Journal of the Operational Research Society, 48(11):1148–1148.

Yang, X. (2025). The role of data-driven decision-making in corporate digital transfor-
mation. Studies in Social Science & Humanities, 4(3):18–25.

Yildiz, B. and Miksch, S. (2007). Ontology-driven information systems: Challenges and
requirements. In Int. Conf. on Semantic Web and Digital Libraries. Indian Statistical
Institute Platinum Jubilee Conference Series, pages 35–44.


