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Over the past few years, the agricultural sector has witnessed a significant transformation, increasingly adopting
a data-driven approach. Adopting an advanced data management system becomes imperative to effectively
manage and govern the vast amounts of data generated in this context. Within the realm of data management,
the FAIR principles provide valuable guidance. These principles aim to make data Findable, Accessible, Inter-
operable, and Reusable (FAIR), ensuring that data can be effectively managed, shared, and reused across
different domains and disciplines. However, implementing the FAIR principles is not a straightforward task,
requiring careful consideration of various factors such as data organization, metadata standards, interoperability
protocols, and accessibility mechanisms. To address these challenges, this paper focuses on presenting a sys-
tematic approach for implementing the FAIR data principles within the data management system of an inter-
disciplinary agricultural project. In this paper, each FAIR principle is analyzed in detail, delving into the specific
requirements and considerations for achieving them in the context of agricultural data. The current imple-
mentation approaches for each principle are identified and synthesized, taking into account both common
practices and variant approaches that may be applicable to different scenarios. To provide practical insights, a
multi-case study approach is applied to an interdisciplinary project involving dairy and fish farming. This
research underscores the importance of metadata, secure data access protocols, semantic interoperability, and
comprehensive documentation for implementing FAIR principles in agricultural data management systems, of-
fering valuable insights applicable to dairy and fish farming domains.

1. Introduction smart farming tools, software, and applications deployed to support

farm activities use their proprietary formats and standards for the

Agricultural sectors have been immensely shifted to the data-driven
domain in the last decade (Mehrabi et al., 2020; Tekinerdogan, 2022).
The volume of digital agricultural data grows exponentially, dominantly
generated by digital technologies used in farming activities, business
and decision-making processes (Tantalaki et al., 2019). On top of that,
the advancements in managing, processing, and analyzing the generated
data to support agricultural decision-making transform agricultural ac-
tivities into more data-driven (Saiz-Rubio and Rovira-Mas, 2020). The
agricultural data consists of information regarding the whole farm’s
conditions and actions, which come from various and multiple tools and
sources (Roussaki et al., 2023; Tantalaki et al., 2019). Most advanced
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generated data (Bahlo et al., 2019). In addition, agricultural data can be
performed in different forms, such as survey data, field records, lab re-
ports, or weather data (Kharel et al., 2020). As a result, it complicates
data exchange and integration among processing systems or stake-
holders. Furthermore, stakeholders’ different needs and interests resul-
ted in group dynamic challenges regarding the use of agricultural data
(Himanen et al., 2019).

To mitigate those issues, proper data management applications are
needed, not only to provide features for storing and handling data but
also to manage and govern the data properly (Rix et al., 2021; Oliveira
et al., 2019), especially for managing and sharing heterogeneous and
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large-scale data is a massive challenge for effective use by users
(Kamilaris et al., 2017). Specifically, a data management system with
proper rules to manage and store data is needed to address the problem
(Arefolov et al., 2021). FAIR data principles provide guidance for
developing data management systems. FAIR principles help to manage
and prepare the data for sharing and reusing among stakeholders across
different domains, disciplines or organizations by making it Findable,
Accessible, Interoperable, and Reusable (FAIR) (Top et al., 2022).

Even though FAIR principles provide valuable guidance, imple-
menting them is not straightforward (Jacobsen et al., 2020a; Wilkinson
et al., 2018). It requires careful consideration of various factors,
including data organization, metadata standards, interoperability pro-
tocols, accessibility mechanisms and stakeholders. To address these
challenges, this paper focuses on presenting a systematic approach for
implementing the FAIR data principles within the data management
system of an interdisciplinary agricultural project. Furthermore, to
provide practical insights, a multi-case study approach is applied to a
multidisciplinary project involving dairy and fish farming. Smart Indo-
nesian Agriculture (smart-in-ag)' is used as a multi-case study, which is
a multidisciplinary and collaborative project between Wageningen
University and Research in the Netherlands, IPB University in Indonesia,
and other stakeholders to introduce and establish a smart farming
technology for Indonesian dairy and fish farming. In this project, as an
interdisciplinary consortium, there are different members’ backgrounds
to improve the quality and production of Indonesian dairy and fish
products.

In this paper, each FAIR principle is analyzed in detail, delving into
the specific requirements and considerations for achieving them in the
context of agricultural data. In specific, the objectives of this study are as
follows:

1. Developing a systematic approach for implementing FAIR principles
for data management systems in an interdisciplinary agricultural
project.

2. Evaluating this systematic approach using an actual multi-case
study, dairy and fish farming in Indonesia.

The structure of the remainder of this paper is as follows: Section 2
explains the FAIR principles, particularly in the context of data man-
agement systems. The next section details the systematic approach for
implementing these principles. Section 4 then delves into our multi-case
study, providing practical insights and applications, while Section 5
discusses the findings. Finally, the last section concludes the paper with
key takeaways and implications of our study.

2. Related work

With the emergence of data-driven agricultural activities, creating a
data management system and following proper procedures have become
essential (Jacobsen et al., 2020a; Thompson et al., 2020). A data man-
agement system is a solution to manage, process, and analyze the
generated data, which can guide farmers and other stakeholders to make
the best decisions that lead to innovative agricultural actions (Andrade
et al., 2021). However, the main challenge in creating a proper data
management system is to ensure the efficiency of knowledge transfer
regarding several aspects of data management (i.e., organizational,
procedural and technical aspects) to the stakeholders from different
backgrounds and domains to maximize opportunities for good data
handling and data reuse (Thompson et al., 2020). Therefore, it is crucial
to implement an effective data management strategy by following the
FAIR data principles since these principles will amplify data utility,
especially for legacy data sets (Ali and Dahlhaus, 2022). Furthermore,
applying FAIR principles enhances the value of data assets by making

1 https://smart-in-ag.com/.
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the data more discoverable and accessible for machines and humans
(Wise et al., 2019).

The first principle of FAIR is to ensure data is easily found, which is a
fundamental aspect of the remaining principles. The diversity of quality
and precision of data sources may lead to various data schemas
(Arefolov et al., 2021; Wise et al., 2019). Consequently, establishing a
uniform approach for cataloging data sources is challenging. To address
this, data sources should be equipped with suitable metadata to enable
the creation of self-reporting data catalogues, providing details such as
access methods, content, and other relevant information (Koers et al.,
2020; Wise et al., 2019). The second aspect of FAIR principles is making
data more accessible with clearly and adequately defined access rules.
Three main components of accessibility are access protocol, access
authorization and metadata longevity (Wise et al., 2019). The next
element of FAIR principles is interoperability, which addresses the need
to express data in a formal, accessible, sharable, and broadly applicable
language (Wilkinson et al., 2016). Finally, the last principle of FAIR is
the reusability of data, which allows data to be recycled for new user
communities, new purposes or needs and new applications (Celebi et al.,
2020).

Hence, the FAIR data principles can be seen as a guideline to enable
digital data infrastructure. A multi-stakeholder community can benefit
from implementing the FAIR data principle (FAIRification) in their data
management system since it will support the data to become easily
reused by machines and people (Borycz and Carroll, 2020). Several
communities, such as the GO Fair organization (GO FAIR, 2022),
Research Data Alliance (FAIR Data Maturity Model Working Group,
2020), and Jacobsen et al. (Jacobsen et al., 2020b), have published
several common routes to implement the FAIR data principles and make
the FAlRification process more robust and consistent. The generic
workflows proposed in (GO FAIR, 2022) are 1) The purpose of FAIR-
ification identification; 2) Data analysis; 3) Metadata analysis; 4) Se-
mantic model for data and metadata; 5) Linked data and metadata; 6)
FAIR data hosting; 7) FAIR data assessment.

Ref. (Singh et al., 2021) followed the FAIRification process to set a
standard for creating image-based datasets and advanced research re-
sources to be more effectively used. They also added metadata, vocab-
ularies, and unique identifiers to the data to simplify data sharing and
retrieval. These strategies aimed to integrate the datasets among
stakeholders in the plant science and phenotyping community since they
will reduce data redundancies and lead to cost savings.

Ref. (Dorich et al., 2020) established The Global N20 Database to
host all datasets of Nitrous Oxide (N20), one of the greenhouse gas
emissions produced by agricultural activities. This database also became
a public resource for researchers or others in the same domain of interest
for analytical purposes. They applied the FAIR principles to their data-
base to follow proper and consistent standards for data sharing since
sampling N20 emissions is expensive and takes too much time to
process.

Several recent studies have demonstrated the benefits of FAIR-
ification on agricultural systems. In (Zhang et al., 2023), FAIR principles
were implemented to help the dissemination of agro-geoinformation
through a cyberinformatics web-based tool. Meanwhile, Ref. (Gacenga
et al., 2024) developed a workflow based on FAIR principles along with
CARE (Collective benefit, Authority to control, Responsibility and
Ethics) principles for the Drought Monitor dataset in Australia for
solving the difficulty of data sharing in agricultural research practices.
According to (Kumar et al., 2024), it was found that to enhance the
digitalization of agri-food and rural development sector practices, the
FAIR principles adoption and data management practices needed to be
standardized.

Despite the benefits offered by FAIR principles, a few published pa-
pers discussing FAIR implementation were found in the literature, spe-
cifically in the agricultural domain (Ali and Dahlhaus, 2022). Therefore,
this study presents a systematic approach to implementing FAIR prin-
ciples within the data management system of an interdisciplinary
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agricultural project. The current study proposes the common practices
and variant approaches of each FAIR principle that may be applicable in
agricultural data management. Furthermore, by studying real-world
examples, the paper examines how to apply the FAIR principles effec-
tively and investigates the potential benefits and challenges that arise in
an agricultural context.

3. Research method

To achieve the goal of this study, the design science research (DSR)
method was deployed. DSR is a problem-solving approach aimed at
producing artifacts that enable the effectiveness and efficiency of in-
formation systems (Hevner et al., 2004). This method consists of several
phases: problem definition, solution design, and validation (Giray and
Catal, 2021). The first step is identifying several practical problem in-
stances, which were analyzed, leading to the development of a problem
statement based on theoretical concepts from existing literature. The
next step is to design a conceptual solution by following a systematic
approach, which involves domain analysis to derive and represent
domain knowledge for the purpose of solution design (Giray and Catal,
2021). Domain analysis consists of domain scoping and domain
modeling activities. Domain scoping aims to identify relevant knowl-
edge sources to derive the key concepts of solution (van Geest et al.,
2021), while domain modeling seeks to unify and represent the domain
knowledge gathered from relevant sources through a feature model
(Tekinerdogan and Oztiirk, 2013). The last step of the method is vali-
dation, and this study utilizes two real case studies to evaluate the
feature model that demonstrates the solution. The DSR method used in
this study is illustrated in Fig. 1, and a detailed explanation is provided
in the following subsections.

3.1. Problem definition

This study was motivated by various cases related to implementing
FAIR principles in the agricultural domain, as seen below.

Problem Case 1: Limited framework regarding FAIR implementa-
tion in the agricultural domain.

Regarding implementing the FAIR principles in the agricultural data
management system, a few publishing papers discussed FAIR imple-
mentation were found in the literature (Ali and Dahlhaus, 2022).
Ref. (Top et al., 2022) presented the FAIRification of data management
systems in agriculture and food science and explored every FAIR prin-
ciple step using three cases. They found that three dominant factors
should be considered before FAIRification and data can be effectively
reused: 1) Advanced tools for data providers and users; 2) Involvement
of community in developing vocabularies and tools; 3) An open-by-
default policy is not the only rule for data sharing. Although it was
found that the FAIR principles could raise the awareness of data sharing
between researchers and professionals in the domain, it still needs a
concrete investigation of several principles that are hard to implement.

Problem Case 2: Complexity of FAIRification process.

According to (Jacobsen et al., 2020a), all community or organization
can define their FAIRification solutions based on their digital resources
and purposes as long as they align with the points of the FAIR principles.
However, the choice of freedom of FAIRification can also lead to a risk of
conflicting solutions among stakeholders in the domain (Jacobsen et al.,
2020a). The literature shows that FAIRification is a complex step in
harmonizing the data for publishing and reusing by other people and
machines. Some steps need to be carefully considered in FAIRification. It
was also found that the purposes of FAIRification of data management,
proper data infrastructure, and community are crucial in implementing
the FAIR principles.
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3.2. The implementation of FAIR principles

3.2.1. Domain scoping

This section discusses our systematic approach to implementing the
FAIR principles to address the problem cases provided in the previous
section. At this stage, we investigated the domain of interest and applied
approaches to achieve the standards of each principle. The first step of
the domain scoping stage is defining the domain of interest, which, for
the current study, is the implementation of FAIR principles in agricul-
tural systems. As a result, the phrase “FAIR data principles” or “FAIR
principles” will be combined with “data management”, “data
ecosystem”, and “farming”, “agriculture” as a search strategy to obtain
relevant papers in the Scopus and ScienceDirect databases. After that,
exclusion criteria were applied to the candidate papers to retain only
those relevant to the study. The papers without full text available, those
not written in English, duplicates, those not involving the agricultural
domain, and those not discussing the implementation of FAIR principles
were excluded from the list of candidate papers. The information was
extracted from the papers, including the title, publication year, and in-
formation regarding FAIRification, which was recorded in an Excel sheet
for further analysis. As the automation search with the search query
resulted in a very limited number of papers, we also conducted a manual
search, including grey literature, such as websites, reports, and books, to
ensure sufficient coverage. The websites included in the study are GO-
FAIR,2 Australian Research Data Commons (ARDC),3 General Data
Protection Regulation (GDPR)" and Research Data Alliance (RDA).° The
relevant literature was used to develop a domain model that represents
the knowledge of the domain. Table 1 shows the list of literature,
including papers, reports, and books.

3.2.2. Domain modeling

A feature model is employed to visualize the common and familiar
approaches of FAIRification identified through domain scoping analysis.
Feature modeling is a method for capturing domain knowledge in a
structured way that allows for reuse (Tekinerdogan and Oztiirk, 2013).
The model is depicted as a tree structure, where the root represents the
concept of FAlRification, and its nodes represent the common ap-
proaches to applying FAIR principles. Three types of dependencies,
mandatory, optional, and alternative, illustrate the relationships among
the nodes in the tree (Krisnawijaya et al., 2024).

Fig. 2 illustrates the feature diagram of the FAIR principles. As
mentioned in the previous section, the FAIRification process involves
complexities in ensuring that data is findable, accessible, interoperable,
and reusable (Garcia et al., 2019; Lin et al., 2022). The FAIRification
process includes several aspects that must be implemented in the data-
set. It is essential to understand each aspect to develop concrete steps for
effective implementation. In this study, we identify and synthesize the
current implementation approaches from the literature for each princi-
ple, considering both common practices and alternative methods that
may apply to various scenarios, which will be discussed in the following
subsections.

3.2.2.1. Findable. In the agricultural domain, various data resources
exist to provide data to data consumers. Several options are available to
make data findable, from old-fashioned approaches to the most
advanced ones. Traditionally, data consumers use their networks to
discover (un)published datasets from colleagues, farmers, agricultural
organizations, and even librarians or other data producers or managers
(Gregory et al., 2018). Another way is by searching the literature, such
as conference papers, scientific articles, or work reports, which are

2 go-fair.org.

3 ardc.edu.au/resource/fair-data-self-assessment-tool.
4 https://gdpr.eu/.

5 rd-alliance.org.
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Fig. 1. The DSR method used in this study.
Adapted from Giray and Catal (Giray and Catal, 2021).

Table 1
List of the literature to obtain the FAIR principles adoption (FAIRification).

implementation
approaches

Samourkasidis, A., & Athanasiadis, I. N. (2020). A semantic approach for timeseries data fusion. Computers and Electronics in Agriculture, 169. https://doi.org/10.1016/j.compag.20
19.105171 (journal article)

Dey and Shekhawat (2021). Blockchain for sustainable e-agriculture: Literature review, architecture for data management, and implications. Journal of Cleaner Production, 316.
https://doi.org/10.1016/j.jclepro.2021.128254 (journal article)

Top et al. (2022). Cultivating FAIR principles for agri-food data. Computers and Electronics in Agriculture, 196. https://doi.org/10.1016/j.compag.2022.106909 (journal article)

Petrosyan, L., Aleixandre-Benavent, R., Peset, F., Valderrama-Zurian, J. C., Ferrer-Sapena, A., & Sixto-Costoya, A. (2023). FAIR degree assessment in agriculture datasets using the F-
UJI tool. Ecological Informatics, 76. https://doi.org/10.1016/j.ecoinf.2023.102126 (journal article)

Specka, X., Gartner, P., Hoffmann, C., Svoboda, N., Stecker, M., Einspanier, U., Senkler, K., Zoarder, M. A. M., & Heinrich, U. (2019). The BonaRes metadata schema for geospatial soil-
agricultural research data — Merging INSPIRE and DataCite metadata schemes. Computers & Geosciences, 132, 33-41. https://doi.org/10.1016/j.cageo.2019.07.005 (journal article)

Ali, B., & Dahlhaus, P. (2022). The Role of FAIR Data towards Sustainable Agricultural Performance: A Systematic Literature Review. Agriculture, 2(12). https://doi.org/10.3390/agr
iculture12020309 (journal article)

Bahim et al. (2019). Results of an Analysis of Existing FAIR Assessment Tools. DOI https://doi.org/10.15497/rda00035 (report)

FAIR Data Maturity Model Working Group. (2020). FAIR Data Maturity Model. Specification and Guidelines. DOI https://doi.org/10.15497/rda00050 (report)

MacLeod et al. (2020). The Agricultural Research Federation (AgReFed) Technical and Information Policy Suite. Version 1.0. Endorsed by the AgReFed Council on 13 May 2020. DOI
https://doi.org/10.5281/zenodo.3993784 (report)

Science Europe. (2021). Practical Guide to the International Alignment of Research Data Management. https://www.scienceeurope.org/media/4brkxxe5/se_rdm_practical guide_e
xtended final.pdf (report)

Food and Agriculture Organization of the United Nations (FAO). (2021). AGROVOC - Semantic data interoperability on food and agriculture. https://doi.org/10.4060/cb2838en
(Book)

usually based on data and see if they contain the supplementary dataset.
Besides searching it manually through a network or literature, data
could also be found by using a web search engine. Finding data through
a web search engine could be done either by searching it in the domain-
specific portal or repository (Gregory et al., 2018). There are several

types of repositories, such as local servers, private cloud, public cloud,
and hybrid cloud. A local server repository is data storage that is
developed by the data owner to store the data. A private cloud is a re-
pository dedicated exclusively to one organization, while a public cloud
is a repository made available to the public and shared between
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52)

organizations hosted by cloud computing services vendors. The last re-
pository type is the hybrid cloud, which combines private and public
clouds (Goyal, 2014).

The more advanced approach is finding data using a persistent
identifier. The persistent identifier (PID) is critical in data management
systems to solve the problem of long-lasting finding of cited resources.
PID can be divided into two categories: people and objects. Open
Researcher and Contributor ID (ORCID) is the PID for people and Digital
Object Identifier (DOI) for objects (Bahim et al., 2019; Hauschke et al.,
2021). Thus, PID is strongly recommended as an identifier for data or
metadata since the PIDs can permanently connect with a set of (meta)
data, which contains information about the digital objects, to allow
people and machines to track and find a reliable way to the digital
objects.

The last method to find the data is using metadata. Metadata is a set

of data that provides information about other data (Allemang and Tee-
garden, 2017). Metadata can vary in richness, which is how much of the
data is described and captured in the metadata (MacLeod et al., 2020).
There are three metadata types: basic, specialized, and rich. Basic met-
adata contains basic information about the data, such as authorship,
year, title, and short description of data. Specialized metadata contains
more complex information than the basic one, such as a persistent
identifier, license, and access rights. Meanwhile, rich metadata contains
complete and concrete information and follows the standardized format
and vocabulary to allow the machine to find and read the included in-
formation within the metadata (Australian Research Data Commons
(ARDC) (2022); Thompson et al., 2020). Fig. 3 depicts the family fea-
tures of findability.

3.2.2.2. Accessible. Transforming raw data into FAIR data is not about
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|/ Literature_search 4— Scientific_article

Working_report

{Domah_spedﬁc_portd‘
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| pol Legend:
| Digital_identifier ¢ URL @ Mandalory
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T URI A Or Group
: 2, Alternative Group
~ | Basic Abstract Feature
"'\ Metadata ; Speciaized | Concrete Feature
' T~ : . (— . Collapsed

Fig. 3. Feature diagram of findability.
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making data fully open (Wong et al., 2022). Accessibility, as the second
principle of FAIR, guides people or machines to access the data with
correct rights and proper ways. In this principle, the data owners can
state their data status and choose the protocol or policy to access their
data. Accessibility can be divided into two components: types of access
and access properties (Wise et al., 2019). There are several accessibility
features, which can be seen in Fig. 4.

It was found that the dataset can be accessed publicly from re-
positories, and data consumers can freely download the dataset. For
instance, the weather data provided by government websites can be
accessed by the public, or datasets can also be downloaded from public
resources, such as GIT or GitHub (Bahim et al., 2019). Furthermore, the
data owners or managers have to consider their dataset’s sensitivity
level before publishing publicly. The dataset has to align with the ethics

Computers and Electronics in Agriculture 230 (2025) 109855

or policies related to sensitive data. For more sensitive data, registered-
based access (Gregory et al., 2018) could be opted to ensure proper user
authorization, authentication, and control access. For everyone who
needs the datasets, registration to the systems is required. By doing so,
the data managers can control user authentication and authorization
and set every system member an appropriate right to access the dataset.
This approach is more secure in protecting sensitive data within
datasets.

Unspecified conditional access can also be an option for accessing
data, and the data customers need to ask data custodians to retrieve the
preferred dataset directly (Australian Research Data Commons (ARDC)
(2022)). Meanwhile, embargoed access could be chosen for the data
owners who want to make the data available at a predetermined time
(Australian Research Data Commons (ARDC) (2022)). The following

Legend:
O Access_type f— ' Mandatory
[ () Unspecified_conditional_access _ 4 Optional
.'| \ ¢ ;’ Contact_person A Or Group
',' e Abstract Feature
/ \ Embargo_access [[7] Concrete Feature
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/ .g“_:Que’.y .(-—,— _ ’ )
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\ - Email
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* Always_available

) No_preservation

Fig. 4. Feature diagram of accessibility.
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approach to accessing data is using a query. Data users can filter the
dataset with a query to retrieve only the needed information. Data users
can apply queries in several systems, such as local, domain-based, or
general indexing systems (e.g., Google, Bing, Yahoo) (Gregory et al.,
2018; Hauschke et al., 2021).

Other than types of access, data owners or customers have to
consider access properties when accessing the preferred data. The first
access property is access protocols, which are essential for securing
communication between two or more machines to access the data. Open
and secure protocols such as API, HTTPS, and FTP can be chosen
(Hauschke et al., 2021). Secondly, the access devices that are used to
access the data also need to be determined. Sometimes, data can be only
accessed on personal computers and laptops, or it is also accessible
through server systems or mobile devices, such as tablets or smart-
phones. Another critical issue that needs to be addressed is how long
data will be kept and accessible. It could be long-term (e.g., more than
ten years) and/or still available in the organization, although the person
who collected the data has left it. Thus, data preservation is essential to
prevent the potential risk of data loss (Science Europe, 2021).

3.2.2.3. Interoperable. Data exchange is crucial for research and inno-
vation in agriculture (Food and Agriculture Organization of the United
Nations (FAO). (2021)). For instance, it could be a competitive factor
since data sharing enables a more knowledge-based production and
demand-driven to meet different needs of the consumers or stakeholders
(Food and Agriculture Organization of the United Nations (FAO).
(2021)). Thus, enhancing the data exchange practices in the agricultural
sector is necessary. In order to improve data sharing, current practices
need to be analyzed to harmonize it subsequently. Fig. 5 depicts the
feature diagram of interoperability. To achieve organizational
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interoperability, it is necessary to have effective interoperability from
the lowest to highest layer, which consists of technical, syntactic, and
semantic interoperability (Khatoon and Ahmed, 2022).

The first level is technical interoperability, which focuses on basic
exchange capabilities between systems (Lehne et al., 2019). This inter-
operability is related to the protocol between hardware, software, or
networks that allows communication among the machines (Khatoon and
Ahmed, 2022). The second layer is syntactic interoperability, which
specifies the format and structure of data (Lehne et al., 2019). As regards
data format, it consists of non-machine-readable and machine-readable
data. For non-machine-readable data, interoperability can be imple-
mented manually by integrating data in the proprietary format or
consulting it with the data owners. However, recent technologies, such
as big data systems, cloud computing, and machine learning, can change
and improve data exchange in the agricultural domain. In recent years,
these technologies have been the primary data consumers to increase the
quality of the decision-making process; therefore, the digital data must
be in machine-understandable format (Food and Agriculture Organiza-
tion of the United Nations (FAO). (2021)). A standard language such as
RDF, XML or JSON can be used to express the metadata and dataset. The
data structure could be divided into structured, semi-structured, and
unstructured data (Nyoman Kutha Krisnawijaya et al., 2022).

The next dimension of interoperability is semantic interoperability,
which focuses on the mutual apprehension between parties that ex-
change data (Khatoon and Ahmed, 2022). Finding relevant data and
information can be challenging as the data is fragmented or scattered in
digital storage. Therefore, information from data or metadata should be
delivered in a formal, standardized, sharable and applicable language
(Wise et al., 2019). Metadata should contain elements that give clear
information regarding the dataset and follow community guidelines
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Fig. 5. Feature diagram of interoperability.
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with well-defined vocabularies, such as AGROVOC (Food and Agricul-
ture Organization of the United Nations (FAO). (2021)). In addition, the
metadata elements must not be ambiguous to support the interpretation
of the dataset. Thus, metadata should have an explicit ontology, termi-

nology, vocabulary or data dictionary (Allemang and Teegarden, 2017;
Hauschke et al., 2021).

3.2.2.4. Reusable. In this principle, other parties can reuse the dataset
by following data usage conditions and restrictions defined by data
owners. The data should be easy to understand and citable to maintain
the value of data. Fig. 6 shows the reusability feature diagram. This
research divides reusability into two mandatory sub-features: data
ownership and privacy and security. Data ownership is necessary to
make data reusable since data consumers can understand the data usage
and how to cite the dataset. The data ownership properties, such as li-
cense (e.g., open or commercial), open digital rights language, and
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intellectual property rights, should be determined (Allemang and Tee-
garden, 2017). It is necessary to understand data ownership before
reusing others’ datasets or making the data reusable since it explains the
data’s owner(s), policies and procedures, and regulations that influence
dataset usage.
Regarding privacy and security, data managers/producers have to
check datasets before sharing or storing them with other parties to
determine whether they contain sensitive and personal data, ethical
considerations, data privacy, and security laws. The data often becomes
sensitive in agriculture since it is acquired from the field, animal, and/or
the farmer. Such data must be treated special before being shared with
other parties (Allemang and Teegarden, 2017). For instance, the data
owner can restrict their dataset, determine what kind of variables others
can access, and determine which ones cannot or who can have full or
partial access to the dataset. These data-sharing policies should be
clearly mentioned in the metadata so that if other systems or humans
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want to reuse the data, they can easily understand the procedures. In
addition, it is necessary to ensure that the data anonymity and pseu-
donymity are in the right place (Allemang and Teegarden, 2017).
Anonymous data are no longer regarded as personal data, while pseu-
donymous data has been de-identified from the data’s subject but can be
re-identified as needed (Science Europe, 2021).

Besides data ownership, privacy, and security, it is also essential to
consider the preferred data format to ensure the reusability of the
dataset. For instance, in image data, jpeg, png, and tiff are the preferred
formats since all machines can read this format. Another necessary
reusability feature is data documentation to accompany existing data-
sets and enable reusable data. In the data documentation, several pieces
of information, such as policy, constraint, and rules of reusing the
dataset, must be stated clearly and explicitly. For instance, providing
support for data versioning is crucial in reusability. Data versioning
properties, such as file naming, version number, and date, must be
determined to distinguish between versions of the file. Additionally, the
details of data volume are also essential to estimate how much data
storage is required when reusing the data. They can be expressed in
numbers of objects (files, rows, and columns) and/or in storage space
required (bytes).

3.3. Validation using A multi-case study approach

To address the second question, the multi-case study was designed to
assess the FAIRification in the smart-in-ag project. The main purpose of
this section was to evaluate and validate the systematic approach pre-
sented in Section 3.2.2. To achieve this, the case study approach was
applied, following the protocol proposed by (Runeson and Host, 2009).
The case study protocol includes five key procedures that need to be
followed (Runeson and Host, 2009):

1. Case study design.

The goal of the case study research was initially defined. As
mentioned earlier, the case study was employed to evaluate and validate
the proposed systematic approach for FAIRification.

2. Data collection preparation.

Two different case studies were chosen in the current research:
Indonesian dairy and fish farming. Both studies involved researchers,
experts, and data analysts with sufficient experience managing and
using datasets for their business or research. Since the smart-in-ag
project is collaborative research between Wageningen University and
Research in the Netherlands and several universities in Indonesia, the
selected respondents were from the Netherlands and Indonesia and were
directly involved in the project as they represent the most relevant
stakeholders. Furthermore, this study also involved several industrial
experts in Indonesia who were involved in the smart-in-ag project to
provide a more comprehensive insight into precision farming.

3. Evidence collection.

In this step, the survey instruments were initially designed to
accommodate all approaches in Section 3.2.2 through an iterative dis-
cussion and process among the authors. The current study used an online
questionnaire through the online tool Google Forms to obtain the
opinions of dairy and fish farming experts regarding FAIRification ap-
proaches. The online questionnaire method was chosen since the re-
spondents were in the Netherlands and Indonesia. Thus, the survey was
distributed through participants’ email addresses. Furthermore, the
questionnaire introduced the research objective, accompanied by an
explanation of FAIRification procedures and how the data obtained from
the questionnaire would be used. The questionnaire consists of five
sections. The first section includes a set of introductory questions to ask
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about respondents’ background and experience in smart farming sys-
tems. The following sections asked and evaluated the main questions
regarding FAIR principles and each approach to achieving FAIRification.

The questionnaire consists of close-ended questions, such as
multiple-choice questions with one or multiple answers allowed, and
rating scales. Furthermore, in some questions, this study used a combi-
nation of close-ended and open-ended questions by providing pre-
defined options and an “Other” option, allowing respondents to add
their own choices. This will enable participants to provide additional
responses that may not be covered by the given options. Before
distributing the questionnaire to the targeted participants, a pilot test
was conducted to gain the preferred level of the questionnaire’s content.

As regards ethical considerations, personal data was not requested to
maintain the confidentiality and anonymity of the respondents. It was
explained in the general description section of the survey that partici-
pants would not be asked to provide any information related to their
name, company name, or address anywhere in the questionnaire. The
questionnaire only asked about participants’ backgrounds (i.e., dairy or
fish farming) and their experience with smart farming systems, as well as
their opinions regarding the implementation approaches of FAIR prin-
ciples in their domains.

4. Data analysis.

After collecting data, the feedback from the survey was organized,
analyzed, and interpreted by looking at the frequency of the answers to
determine mandatory and optional approaches based on experts’ opin-
ions. The approaches with high-frequency responses indicate that many
experts suggest they are important approaches; hence, they were
selected as mandatory approaches to achieve FAIRification. Meanwhile,
the approaches that the experts did not choose were chosen as optional.

5. Reporting.

The final step is reporting the data analysis results. After identifying
important approaches based on survey results, the next step is present-
ing the selected approaches in the table. Based on experts’ opinions, the
table summarizes the mandatory approaches to achieve FAIRification in
dairy and fish farming.

The following sections discuss the survey results using feature dia-
grams to depict the mandatory approaches from experts’ opinions for
the FAIRification process in a certain domain.

4. Results
4.1. Participants characteristics

The participants in this study are the stakeholders of the smart-in-ag
project, consisting of project members and industrial experts involved in
this project. The survey was conducted over one month, from September
to October 2023, with a total of 18 people participating in the survey.
However, three of the participants had limited experience in the dairy or
fish farming domains, and one was unsure about their expertise.
Therefore, 14 questionnaires obtained from the survey were used for
further analysis. Out of the 14 respondents, five are dairy farming ex-
perts, eight are fish farming experts, and one is an expert in both fields.
In dairy farming, most of the experts have up to two years of experience,
while in fisheries, the respondents mostly have from three to ten years of
experience, with expertise in both theoretical and practical aspects. The
details of the respondents’ background and experience are shown in
Table 2.

Based on Table 2, it can be seen that this study included respondents
who represent both domains quite equally. They are the key stake-
holders involved in the smart-in-ag project, so they have sufficient
knowledge of the project and its requirements. Furthermore, by
excluding those with limited experience in dairy or fish farming, this
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Table 2
Background and experience of respondents.
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Table 3
FAIR implementation approaches in dairy farming.

Domain Experience Time of Experience
Upto2 3-10 Total
Years Years
Dairy Experience  Theoretical 3 0 3
Experience
Practical 0 0 0
Experience
Both Experience 2 0 2
Total 5 0 5
Fishery Experience  Theoretical 1 2 3
Experience
Practical 1 0 1
Experience
Both Experience 1 3 4
Total 3 5 8
Both Experience  Theoretical 0 0 0
Experience
(Dairy and Practical 0 1 1
Fishery) Experience
Both Experience 0
Total 0 1 1
Total Experience  Theoretical 4 2 6
Experience
Practical 1 1 2
Experience
Both Experience 3 3 6
Total 8 6 14

study ensures that only respondents with substantial experience in both
domains provide their opinions regarding the implementation ap-
proaches of FAIR principles in their respective fields. Their feedback or
preferences are used to evaluate and validate the proposed systematic
approach for FAIRification.

4.2. Case study 1- Indonesian dairy farming

The first study was conducted with experts from the dairy farming
domain who are involved in the smart-in-ag project. About 84 % of the
respondents agreed that data exchange amongst data producers/owners
is vital for their research or business. The summary of mandatory ap-
proaches to achieve FAlRification in dairy farming can be seen in
Table 3.

Findability. Findable is the first principle asked to the respondents
in this study. Fig. 3 shows several approaches that can be used to find the
preferred data for the data seekers. This study found that about 50 % of
the respondents usually use a literature search, their network (e.g.,
colleagues or librarians), or metadata to find a relevant dataset for their
research. Specifically, all participants stated that metadata is mandatory
and crucial to get and explain the data, and they agreed that metadata
should be included in data sources. The appropriate metadata, such as
specialized metadata, is a minimum requirement to establish the FAIR
dataset, and half of the respondents agreed that rich metadata, which
can be self-reported to the machine by using appropriate metadata
schema, is essential. As regards data storage, participants mentioned
private cloud repositories as the preferred systems.

Accessibility. The survey results showed that the respondents had
adequate knowledge related to data security to access the data. More
than half (83 %) of participants chose registered-based access, with user
authorization being preferred the most, with a 67 % response rate.
Another way to access the data is using a query, and it was identified
that the domain-based system (e.g., specific domain repositories) and
general indexing system (e.g., Google, Yahoo) are the most popular
query systems. Regarding access devices, most participants tend to
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FAIR Principles Implementation Mandatory Approaches
Approaches
Findability Own network Colleagues
Librarians
Literature search Scientific article
Conference paper
Working report
Metadata Specialized metadata
Rich Metadata
Accessibility Registered-based access User authorization
Query Domain-based system
General indexing system (e.g.,
Google, Yahoo)
Access protocol HTTPS
FTP
Access devices Personal computer
Mobile devices
Data preservation Always available
Interoperability ~ Technical Software (e.g., API)
interoperability
Network (e.g., HTTPS)
Syntactic Structured data
interoperability
Semantic Ontology
interoperability
Terminology
Vocabulary
Reusability Data documentation File naming

Version date

Methods and tools used for
collecting data

Data object

Recorded date

Location of data collection
Number of objects (e.g., files, rows,
columns)

Data citation

Intellectual property rights
Data backup scenario

Data ownership

Data privacy and
security

Ethics

Sensitive data security

Data anonymity

Data pseudonymity

Fully recorded in a text format
Fully recorded in a machine-
readable format

Data provenance

access the data through their mobile devices (e.g., tablets and smart-
phones) or personal computers. Furthermore, they opted for HTTPS and
FTP as the access protocol. By doing all the data protection scenarios, the
respondents would like to have their dataset always available, although
they have left the organization.

Interoperability. Data interoperability can allow data providers and
seekers to exchange the data’s information properly. The process is not
easy to do as several factors have to be considered, such as data struc-
ture, data type, etc. In the current study, for the data exchange approach,
about 67 % of the respondents selected to use software (e.g., API) and
through the network (e.g., HTTPS, FTP) instead of using hardware de-
vices such as external hard disk or USB to exchange the data. Almost all
respondents preferred data elements with standardized descriptions,
such as ontology, terminology, and vocabulary, and only one person
opted for a data dictionary to make data interoperable. Furthermore, the
survey participants mostly worked with structured data in proprietary or
non-machine-readable data format.

Reusability. Data information is crucial to reusability in order to
allow other people, groups, organizations, or machines to understand
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the data. Hence, in the data documentation, the detailed information
such as file naming, version date of the file, methods and tools used for
collecting data, data object, recorded date, location of data collection,
and number of objects (e.g., files, rows, columns) are mandatory items to
be included. Furthermore, data ownership properties are also essential
to get an insight into data reusability. Data citation and intellectual
property rights are mandatory data ownership properties based on re-
spondents’ opinions. Furthermore, to make data ready for reuse, data
privacy and security rules or scenarios have to be prepared, such as data
backup, the protection of sensitive data, data anonymity or pseudo-
nymity, and defined data ethics from the community and government.
The respondents also considered fully recorded data provenance infor-
mation in human and machine-readable formats.

4.3. Case study 2- Indonesian fish farming

The second case study involved fishery experts to gather their
opinions regarding FAIRification in the fish farming domain within the
project. Survey results indicate the participants have substantial expe-
rience working with data for their research or business. Similar to the
first case, almost all respondents agreed that data exchange is genuinely
needed to enrich the information of the data for the research. For find-
ability, metadata is still essential to help data seekers find relevant in-
formation about the data. Thus, the experts opted for specialized and
rich metadata to accompany the dataset so that the machine could un-
derstand it. In addition, web search engines are also a popular approach
for finding data. As regards accessibility, the experts preferred to query
domain-based and local-based systems to access the preferred dataset,
while the general index, such as Google, is optional to get relevant
datasets using their personal computers or mobile devices. Regarding
data access security, user authorization and access control are manda-
tory approaches, as almost all participants (89 %) chose to use the
registered-based system to give other people access to the data.
Furthermore, they used internet protocols such as HTTPS and FTP to
access the dataset instead of using old-fashioned practices such as email
or telephone.

Regarding interoperability, 89 % of respondents considered the data
exchange could be done using software (e.g., API) and network protocols
(e.g., HTTPS) instead of hardware, such as an external hard disk or USB.
In terms of syntactic processes, most of them worked with non-machine-
readable data formats and with all types of data structures. They
considered that the datasets should be able to explain using standardized
descriptions, such as ontology, vocabulary and terminology. For reus-
ability, data documentation is an important part of the FAIRification
process, which contains file naming, recorded date, methods and tools
for collecting data, data collection location, etc. The other things that
need to be considered to make the data reusable are data citation and
intellectual property. Data security and privacy scenarios, such as data
backup, sensitive data protection, ethics, and constraint rules of data
access protocol, should be carefully and properly governed. Finally, fully
recorded provenance information in machine-readable format must be
provided. Table 4 shows the summary of mandatory approaches for
FAlRification in fish farming.

4.4. Comparing FAIR approaches in dairy and fish farming

Based on the previous section, the preferences for potential ap-
proaches to implementing FAIR principles were discussed. To further
understand the process of FAIRification, a comparative analysis between
the two domains is essential (Lupu et al., 2023). In this section, expert
opinions from both domains were analyzed and compared to identify
similarities and differences in their preferred approaches. In the context
of findability, participants from both domains agreed on the importance
of metadata in finding data, as shown in Table 5.

Furthermore, Fig. 7 illustrates that participants consider metadata
important for explaining datasets. As a result, the need for either
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Table 4
FAIR implementation approaches in fish farming.
FAIR Principles Implementation Mandatory Approaches
Approaches
Findability Metadata Rich Metadata
Web search engine Domain-specific portal
Repository
Repository Private cloud
Accessibility Registered-based access User authorization
Access control
Query Domain-based system
Local-based systems
Access protocol HTTPS
FTP
Access devices Personal computer
Mobile devices
Interoperability ~ Technical Software (e.g., API)
interoperability
Network (e.g., HTTPS)
Syntactic Structured data
interoperability
Semi-structured
Unstructured
Semantic Ontology
interoperability
Terminology
Vocabulary
Reusability Data documentation File naming
Version date
Data unit
Methods and tools used for
collecting data
Recorded date
Location of data collection
Data ownership Data citation
Intellectual property rights
Data privacy and Data backup scenario
security
Ethics
Sensitive data security
Constraint policies
Data provenance Fully recorded in a machine-
readable format
Table 5
Experts opinions on the preferred approaches in finding datasets.
Which approach(es) Dairy Fish
would you prefer to Frequency Percentage Frequency Percentage
find other people’s
datasets relevant to of responses of responses
your business/
research
Network 3 50 % 4 44 %
Literature search 3 50 % 4 44 %
Web search engine 2 33% 7 78 %
Using digital 2 33 % 3 33 %
identifiers
Metadata 3 50 % 7 78 %
Other: Combine 1 17 % 1 11 %
Other: Field database 0 0% 1 11 %

specialized or rich metadata is evident, as depicted in Fig. 8. Regarding
alternative methods for discovering data, network and literature
searches are popular in dairy farming, while experts in fish farming tend
to use web search engines.

According to Table 6, user authorization was the most popular
method for protecting access to the data. Respondents from both do-
mains agreed that it is crucial to secure data access. As shown in Fig. 9,
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Fig. 7. The respondents’ opinion on the importance of metadata.
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Fig. 8. The preference of Metadata types.
not about opening access to the data; instead, it is the principle that
;‘Eble 6f d dat n b governs how people can access or grant access to the dataset.
¢ preferred data securlty approaches. No respondent wants to exchange their data through hardware tools
Which one of the data  Dairy Fish (e.g., USB drives or external hard disks). Instead, they tend to choose
zzc;ziypjz;);o:;hes Frequency Percentage  Frequency Percentage safer options, such as using software (e.g., APIs) or networks (e.g.,
protect access to your of responses of responses HTTPS). Table 7 shows the respondents’ opinions on data exchange
data approaches.

User authentication 2 33 % 2 22 % Furthermore, Table 8 shows Fhat prov1d1n$ a det.alled explanation of
User authorization 4 67 % 8 89 % data elements using a standardized format, including vocabulary, ter-
Access control 2 33% 5 56 % minology, and ontology, was the most preferred approach for inte-

the registered-based access method was the most commonly chosen
approach for granting data seekers access to the data. It indicates that
stakeholders considered it essential to have a safe and proper way to
manage access to or exchange their datasets. As a result, HTTPS and FTP
were the preferred internet protocols for data exchange. Accessibility is
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grating the data. None of the respondents wanted to choose data
elements without any description. In fact, data elements with simple
descriptions, like a data dictionary, were more commonly chosen by
fisheries experts than those from dairy.

Regarding the reusable principle, dairy and fish farming experts use
various file formats, making data documentation essential. Both do-
mains agreed that file naming and the methods and tools used for data



N.N. Kutha Krisnawijaya et al.

Computers and Electronics in Agriculture 230 (2025) 109855

Data Access Preference

Embargoed access

Unspecified conditional access

Registered-based access

Publicly accessible

0%

Fish

20%

40%  60%  80%  100%

Dairy

Fig. 9. The preferences of respondents on data access approaches.

Table 7
The preferred data exchange approaches.
Which one(s) of the Dairy Fish
following approaches
do you prefer to Frequency Percentage Frequency Percentage
exchange your data of responses of responses
Hardware 0 0% 0 0%
Software 4 67 % 8 89 %
Network 4 67 % 8 89 %
Table 8
The responses of the experts on the data elements information.
Which one(s) of the Dairy Fish
following information Frequency Percentage  Frequency Percentage
do you prefer when
. X of responses of responses
integrating your
dataset with others
Data element without 0 0 % 0 0%
description
Data element with 1 17 % 4 44 %
simple description
Data element with 5 83 % 6 67 %
standardized
description

collection are important documentation elements. In dairy farming,
experts emphasized that documenting the number of objects (e.g., files,
rows, columns) is particularly significant, as they primarily work with
numerical data. Meanwhile, experts in fish farming highlighted the
importance of recording the date and location of data collection, as they
also frequently work with image and textual data in addition to nu-
merical data. For data ownership, both domains favored data citation
and intellectual property rights as the key ownership attributes.
Regarding privacy and security, both domains agreed on the importance
of data backup and complying with ethical guidelines set by the com-
munity or government. Furthermore, in fish farming, constraint policies
and rules defining data access protocols were identified as one of the
most popular methods for managing privacy and security, although this
was the least preferred method in dairy farming. The details of the
survey results, including tables and figures comparing FAIR approaches
in dairy and fish farming, are provided in Appendix.
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5. Discussion
5.1. General discussion

FAlRification is not a straightforward process. It needs to consider
several detailed and highly specific approaches for each principle. The
stakeholders’ opinions and considerations are also crucial to the FAIR-
ification task. In this study, each principle of FAIR was analyzed sys-
tematically. Thus, the current study presents a novel systematic
approach for implementing FAIR principles (FAIRification) in data
management systems of two different Indonesian agricultural domains:
dairy and fish farming.

The domain analysis was used to systematically derive information
from the literature regarding the adoption of FAIR principles in agri-
cultural systems. Several research papers from the domain analysis
discussed the FAIRification process in agricultural systems were ob-
tained. To enhance our understanding of the FAIRification process,
various grey literature, including websites, books, and reports, were also
incorporated into the analysis. Thus, the domain modeling resulted in a
feature diagram to depict the various possible approaches for meeting
each point in the FAIR principles. All potential FAIRification approaches
found in the literature were included in the feature diagrams to ensure a
comprehensive analysis.

For both case studies, all variant approaches and practices for
implementing FAIR principles from the feature diagrams were presented
to the dairy and fish farming experts. Experts from universities and in-
dustries involved in the smart-in-ag project participated in the survey to
provide their opinions on the FAIR approaches in the feature diagrams.
The online survey was conducted from September to October 2023 using
Google Forms. There are 14 experts who participated in the study and
shared their views. The approaches chosen by at least 50 % of the ex-
perts in each domain were considered mandatory for the FAIRification
process in the project.

The survey results revealed that experts from both domains unani-
mously agreed that metadata is essential for ensuring findability,
particularly metadata containing rich dataset information. At this stage,
the respondents demonstrated sufficient awareness of FAIR principles by
acknowledging the critical role of metadata. It is a positive sign from the
survey results as the awareness of the stakeholders is one of the chal-
lenges in FAIRification process (Gacenga et al., 2024). In addition to
metadata, web search engines were among the most popular tools for
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finding desired data through repositories or domain-specific portals. The
respondents preferred using private repositories to store their datasets,
as these repositories are provided by domain organizations, and they are
governed by strict access protocols. Accessing trustworthy datasets is
critical for researchers, as they rely on such data to conduct their
research and draw reliable conclusions (Allemang and Teegarden,
2017).

In agriculture, the sensitivity of data has become a critical issue that
must be addressed when sharing and accessing agricultural datasets
(Allemang and Teegarden, 2017; Dey and Shekhawat, 2021). Platforms
designed to handle, manage, and secure data are essential to ensure the
security of data sharing among users. For security reasons, most re-
spondents preferred secure methods for accessing datasets. This pref-
erence is reflected in the survey results, where the majority of
respondents favored systems requiring user permission to access data-
sets. Consequently, user authorization received the highest number of
responses. Experts also prefer safe resources to obtain datasets, such as
domain-based systems provided by domain-specific organizations (e.g.,
dairy organizations or aquaculture communities). Furthermore, as web
search engines have become one of the most popular approaches for
finding datasets, internet protocols such as HTTPS or FTP were chosen as
mandatory methods for accessing the dataset, rather than contact pro-
tocols that involve directly contacting data owners via email, telephone,
or Skype.

Furthermore, as the respondents agreed that the data generated by
the project should remain accessible even after the researchers have left,
data elements with standardized descriptions are especially important
for facilitating data integration (Bahlo et al., 2019) and reducing
dependence on the researchers (Ali and Dahlhaus, 2022). Therefore,
participants agreed that rich metadata is required to provide informa-
tion that humans and machines can read. To achieve this, data docu-
mentation plays a significant role by providing descriptions of data
versioning, data collection, and data volume, which aligns with the
survey results.

In addition to data documentation, aspects such as data ownership,
data privacy and security, and data provenance are also important
considerations when reusing data (Allemang and Teegarden, 2017),
which aligns with the participants’ view. According to the survey, data
citation and intellectual property rights are mandatory approaches to
ensure data ownership. This is especially relevant in the case of dairy
farming, as some participants still use traditional methods to find data,
such as through colleagues or literature. Therefore, data citation should
be ensured. Furthermore, data backup scenarios and adherence to ethics
defined by the government and community are crucial to ensuring pri-
vacy and security. Regarding data provenance, all participants require
fully recorded provenance information, especially in machine-readable
format. However, as most participants still use non-machine-readable
data, they also prefer fully recorded provenance information in text
format.

5.2. Benefits and challenges

Several potential benefits and challenges were identified through a
systematic approach to investigating FAIR principles applications. The
first benefit is that the study carefully analyzed each aspect of the FAIR
principles, providing valuable insights into their practical implementa-
tion. By doing so, the study highlights various strategies for making a
FAIR data management system. Second, stakeholders play a pivotal role
in data management systems, so their opinions and perspectives on each
proposed approach are invaluable. The study shows that by involving
stakeholders in choosing the appropriate approach, the mandatory
practices for FAIRification can be derived based on their requirements.
This process is highly beneficial for future data management
development.

To the best of our knowledge, research articles in the literature
addressing the adoption of FAIR principles in agricultural systems are
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very limited. Therefore, this study was conducted to explore various
potential FAIRification approaches that can inform the development of
FAIR data management strategies. The investigation applies a system-
atic approach to identify potential FAIRification strategies using the DSR
method, which can be easily adapted and reused in other domains.

Since the DSR method provides systematic steps, it allows re-
searchers or practitioners from other domains to follow the same process
when investigating FAIRification in their fields. First, they need to
conduct a domain analysis, which consists of domain scoping and
domain modeling. Domain scoping is used to identify relevant knowl-
edge sources to derive the features, while domain modeling is used to
visualize common and familiar features through a feature model. After
that, validation is conducted by asking stakeholders involved in the
domain to identify the necessary approaches to achieve FAIRification in
their fields.

Aside from the benefits, several issues were identified in the study.
First, nearly all stakeholders from the dairy or fish domain still used a
proprietary data format. This poses a significant challenge for FAIR-
ification, as additional efforts are required to address this issue, such as
transforming these data into more interoperable formats (Allemang and
Teegarden, 2017). Moreover, transforming datasets is a complex process
that requires close collaboration between data owners and data engi-
neers. However, the transformation process from proprietary to non-
proprietary or machine-readable data formats offers the advantage of
enhancing data maturity, as it enables data longevity and allows broad
communities to access the data (Allemang and Teegarden, 2017; FAIR
Data Maturity Model Working Group, 2020).

Although metadata is the preferred method for finding data, experts
still consider conventional methods, such as contacting colleagues or
librarians. From this finding, several aspects need to be considered for
FAlRification purposes, especially when the dataset is created without
metadata or proper documentation (Jacobsen et al., 2020b; Top et al.,
2022). The first aspect that needs to be considered is the privacy and
security of the data, including ethics and sensitive data protection. After
that, to integrate the data, the dataset should be accompanied, at a
minimum, by a data dictionary or, even better, by vocabulary, termi-
nology, and ontology. To make the data more findable, the use of open
data platforms is encouraged, such as institution repository, along with
proper data citation. All these efforts can significantly enhance trust in
data sharing between data seekers and providers (Food and Agriculture
Organization of the United Nations (FAO). (2021)).

Another issue is that the respondents’ experience in the domain must
be carefully considered in order to implement FAIR principles (Gacenga
et al., 2024). To address this, the study excluded participants without
sufficient experience in smart farming systems from the survey. By doing
so, the study ensured that the expected level of FAIRness could be reli-
ably achieved and trusted.

5.3. Potential improvements

Although the process of selecting and defining potential FAIR-
ification approaches was thorough and -carefully executed, we
acknowledge that many FAIRification approaches were not covered in
the current investigation due to the scope of our research. Additionally,
while the involvement of domain experts from the project provided
sufficient input to derive the mandatory approaches, including experts
from outside the smart-in-ag project could offer different perspectives
that might improve the results of this study. Furthermore, incorporating
interviews with experts to verify the FAIRification process could com-
plement the survey data and enhance the overall understanding of the
process.

6. Conclusion

This research presented and examined how the FAIR principles can
be effectively applied by studying real-world examples using an



N.N. Kutha Krisnawijaya et al.

interdisciplinary project involving dairy and fish farming. Each FAIR
principle is analyzed in detail, delving into the specific requirements and
considerations for achieving them in the context of agricultural data.
Overall, it was demonstrated that dairy and fish farming stakeholders
have similar requirements for achieving FAlRification. All experts in
both domains highly valued the significance of metadata in explaining
and obtaining datasets. Furthermore, they emphasized the importance
of a strict and secure data access protocol, semantic interoperability, and
rich information of data documentation to implement FAIR principles.
This insight is valuable for guiding FAIR principles implementation
within data management systems for dairy and fish farming to ensure
that data can be effectively managed, shared, and reused. However,
further research is needed to examine FAIR principles in different do-
mains. This study adopts the DSR method to identify potential FAIR
approaches, which offers a highly adaptable and reusable framework
applicable across various fields. The DSR method’s systematic steps
enables researchers or practitioners from other domains to replicate the
process when investigating FAIRification within their specific contexts.
Thus, this study encourages a further investigation and implementation
of FAIR data principles, particularly in smart farming systems.
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