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Abstract. Metadata consists of elements that describe specific content of data.
When structured according to standards, they contribute to data interoperability.
This study presents a secondary study, a Systematic Mapping (SM), to search
for metadata patterns that can be used in the field of Computer Science (CS),
especially in the subjects of Software Engineering (SE) and Information Systems
(1IS). At the end of the search string execution, 43 studies were analyzed. Of
these, 23 studies were selected. Based on the observed results, a promising
research area is identified, focusing on the adoption of metadata standards in
various activities within the context of CS, SE, and IS.

1. Introduction

Metadata consists of elements that describe details about data, such as content, format,
purpose, and structure. This description can enhance data retrieval and management
[Al-Khalifa and Davis 2006]. When metadata is established and organized according to
standards, it is observed that information exchange between different systems becomes
more efficient [NISO 2017].

In this study, a secondary study, specifically a Systematic Mapping (SM), was
conducted. To develop the SM, other secondary studies were consulted [Tauil 2018];
[Cerrao 2019]; [da Silva 2020], and [James 2020]. The SM was structured based on a
protocol and executed with the aim of identifying metadata patterns that could be used
in one or more research fields within Computer Science, with particular attention to the
fields of Software Engineering (SE) and Information Systems (IS). Over 40 studies were
analyzed during the course of the SM. Among the generated results are a list of identified
metadata standards, fields, and subfields of research in CS that consider the use of the
mentioned standards, as well as a list of related works. The following sections provide
details of the conducted SM. Section 2 presents the Theoretical Foundation. The Research
Methodology is presented in Section 3. Results are outlined in Section 4. Discussions of
the Results, Threats to Validity, and Final Considerations are presented in sections 5, 6,
and 7, respectively.

2. Research Studies about Metadata

Metadata can be defined as data about data [Hayslett 2023]. Metadata describes the con-
tent, format, purpose, and structure of data [Al-Khalifa and Davis 2006]. Moreover, it
consists of elements that aid in data management and contribute to data retrieval. Accord-
ing to [Kaur et al. 2023], “"metadata can be used to determine where data is generated,



stored, and accessed, reflecting the specialization of metadata in recognizing and locating
materials relevant to the user.”

The use of metadata can be considered essential for the performance of a sys-
tem [Gao et al. 2019]. Metadata is utilized in various areas and subfields of science
[Formenton et al. 2018]. An example is the use of metadata in Open Data initiatives
for the publication of large volumes of data [Nogueras-Iso et al. 2021]. Metadata is effi-
ciently utilized when organized into Metadata Standards [Hayslett 2023]. Standards act as
frameworks that enable data interoperability [NISO 2017], such as the Data Catalog Vo-
cabulary (DCAT) metadata standard, used as a framework to describe metadata in various
domains [Nogueras-Iso et al. 2021]. Metadata standards can be classified as Descriptive,
Structural, and Administrative [Formenton et al. 2018].

The literature presents various studies associated with metadata standards. In
[Tauil 2018], a Systematic Literature Review (SLR) is described. The study aimed to
map studies on digital preservation metadata in Cloud Services (CS). The specific ob-
jectives of the study included characterizing the functionalities and applications of CSs,
examining the metadata standards applied in this context, and analyzing research trends.

In [Cerrao 2019], a study on conceptual models and description schemes applied
in the bibliographic domain, specifically in Institutional Digital Repositories (IDRs), is
presented. Using an SLR approach, the study established specific objectives related to
IDR investigation, following an evaluation of the Functional Requirements for Biblio-
graphic Records (FRBR) conceptual model and the guidelines contained in the Resource
Description and Access (RDA). Among the results is the identification of theoretical and
methodological elements for the application of FRBF and RDA in IDRs. Another SLR
is presented in [James 2020]. The study identified metadata elements and metadata stan-
dards employed in the representation of government information. The author emphasizes
that these standards and metadata elements could be employed for various purposes.

In the study conducted by [da Silva 2020], the documentation of artistic collec-
tions in national and international contexts was addressed. Among the recorded obser-
vations is that, on the international scene, there are more initiatives related to the topic
compared to Brazil. The following international guidelines were analyzed and compared:
Categories for the Description of Works of Art (CDWA), International Committee for
Documentation of the International Council of Museums (CIDOC ICOM), and Standard
Procedures for Collections Recording Used in Museums (SPECTRUM). The aim of the
analysis and comparison was to select elements considered fundamental to propose a
metadata schema that could serve as a basis for museological procedures.

3. Research Methodology

The methodology adopted for this study consists of the following stages: defining the
research questions, developing the search strategy and selecting research sources, con-
structing the search string, and defining the selection criteria. Each stage is described
below.

3.1. Research Questions

After defining the study’s objective, the following research questions were established:



Table 1. Search strings used in the bibliographic databases.

Database Query
ACM “computer science” AND “metadata” OR “metadata standards”
Scopus “computer science” AND (“metadata” OR “metadata standards”)
ScienceDirect | “computer science” AND “metadata” OR “metadata standards”
SpringerLink | “computer science” AND (“metadata” OR “metadata standards”)
IEEE “computer science” AND “metadata” OR “metadata standards”

* RQ1: What metadata standards have been used in Computer Science?
* RQ2: Which research fields in Computer Science have considered the use of meta-
data standards?

3.2. Search Strategy and Research Sources

To address the research questions, a search strategy based on automated search was de-
fined. The following databases were considered as research sources: IEEE Xplore, ACM
Digital Library, SpringerLink, ScienceDirect, and Scopus. These databases are globally
recognized in Computer Science, allowing for advanced queries and featuring studies with
high-impact factors (JCR and/or H-index).

3.3. Search String

In this study, the search string used incorporated the following expressions or terms:
“computer science,” “metadata,” and “metadata standards.” These expressions were com-
bined using logical operators ”AND” and “OR.” Table 1 provides details of the search
string applied across the databases. Table 1 presents the search strings used in the ACM,
Scopus, ScienceDirect, SpringerLink, and IEEE databases. Variations in the composition
of the strings can be observed due to the characteristics of each database.

3.4. Selection Criteria

During the reading, analysis, and selection process, different selection criteria were con-
sidered. These criteria assisted in the inclusion and exclusion of studies. Below, the
inclusion and exclusion criteria are presented.

For inclusion, the following criteria were considered:

* Explicit citation of one or more Metadata Standards being used in Computer Sci-
ence.
» Explicit citation of one or more research fields in Computer Science.

For exclusion, the following criteria were considered:

* Studies not within the context of Computer Science.

» No explicit citation of one or more Metadata Standards being used in Computer
Science.

* No explicit citation of one or more research fields in Computer Science.

* Studies not described in English (impedes dissemination and reproducibility).

* Studies not published in conferences or journals.

* Duplicate studies.

 Studies unavailable, even after contacting the authors.

* Secondary studies.



4. Results

The study selection process considered activities such as reading the title and abstract,
checking keywords, and applying selection criteria. At the end of the process, a set of
selected studies was established. The selected studies are presented in Table 2.

Table 2. Selected studies

Title

Mentioned Standard

A generic framework for the integration of heterogeneous
metadata standards into a multimedia information retrieval sys-
tem

Dublin Core (DC), Large-Scale Concept Ontology for Mul-
timedia (LSCOM), Digital Imaging and Communications in
Medicine (DICOM), TV-Anytime Set, Exchangeable Image
File Format (Exif), Extensible Metadata Platform (XMP), In-
ternational Press Telecommunications Council Information In-
terchange Model (IPTC IIM), ISO/IEC 15938 - MPEG-7, MXF
(Material Exchange Format), Text Encoding Initiative (TEI) e
ID3 Standard

Metadata standards for data warehousing open information
model vs. common warehouse metadata

Open Information Model (OIM), Common Warehouse Meta-
model (CWM), Structured Query Language (SQL) Standard,
Structured Query Language for Java Applications (SQLJ) Stan-
dard

Metadata Standards for Semantic Interoperability in Electronic
Government

Dublin Core (DC)

The METAFOR project - preserving data through metadata
standards for climate models and simulations

XML Metadata Interchange (XMI)

A Study on Various Semantic Metadata Standards to Improve
Data Usability

Learning Object Model (LOM), Dublin Core (DC), Darwin
Core (DwC), Linked Data (LD), Directory Interchange Format
(DIF), Gateway of educational materials (GEM), Metadata ob-
ject description schema (MODS), Friend of a Friend (FOAF)
Standard, Web Ontology Language (OWL)

An Automatic Learning Contents Selector Based on Metadata
Standards

IMS Global Leaming Consortium leaming object, Sharable
Content Object Reference Model (SCORM), Learner Informa-
tion Package (LIP), Simple Ontology Extension (SHOE), QTI
(Question & Test Interoperability)

Customizing Discipline-based Metadata Standards for Digital
Preservation of Living Epic Traditions in China

Dublin Core (DC)

Motion Imagery Metadata Standards Assist in Object and Ac-
tivity Classification

Key-Length-Value (KLV), Motion Imagery Standards Board
(MISB), STANAG 4609

Practical problems of implementing metadata standards in offi-
cial statistics

ISO standards

Research on Information Metadata Standards of Knowledge
Organization - A Case Study of Chinese Digital Library

Dublin Core (DC), Web Ontology Language (OWL)

Sar Metadata Standards - Single-Look Complex Data

Sensor Independent Complex Data (SICD), ISO 19115-1, ISO
19115-2,1SO 19130-1, ISO 19130-2, Synthetic Aperture Radar
(SAR)

The role of metadata standards in EOSDIS data search and re-
trieval

NASA’s Earth Observing System Data and Information System
(EOSDIS), Directory Interchange Format (DIF), Hierarchical
Data Format - Earth Observing System (HDF-EOS)

An international analysis of the extensions to the IEEE
LOMVv1.0 metadata standard

Learning Object Model (LOM)

Metadata Standard and Data Exchange Specifications to De-
scribe, Model, and Integrate Complex and Diverse High-
Throughput Screening Data from the Library of Integrated
Network-based Cellular Signatures (LINCS)

Medical Subject Headings (MeSH), Gene Ontology (GO)

Metadata standard interoperability - application in the geo-
graphic information domain

Dublin Core (DC), Machine Readable Cataloging (MARC),
ISO 19115

Specifying metadata standards for metadata tool configuration

Dublin Core (DC), Government Information Locator Services
(GILS)

EVENTSKG: A Knowledge Graph Representation for Top-
Prestigious Computer Science Events Metadata

Resource Description Framework (RDF)

Analyzing the evolution of computer science events leveraging
a scholarly knowledge graph: a scientometrics study of top-
ranked events in the past decade

Resource Description Framework (RDF), and Web Ontology
Language (OWL)

Computer Science: New Problems and Promising Methods
(Review)

IEEE.802.15.4 Standard

The Role of Metadata Standards in EOSDIS Data Search and
Retrieval

NASA’s Earth Observing System Data and Information System
(EOSDIS)




Title

Mentioned Standard

Across WAN

Metadata Feedback and Utilization for Data Deduplication

Advanced Video Coding (AVC) or H.264

Improving Metadata Caching Efficiency for Data Deduplica-
tion via In-RAM Metadata Utilization

Advanced Video Coding (AVC) or H.264

Table 2 describes the selected studies in terms of their titles and the cited standards.
The following sections will describe additional results associated with the established

research questions.

4.1. Metadata Standards Used in Computer Science

Once the studies were selected, the stage of recording the necessary information for the
research questions began. Considering the results presented in Table 2, specific charac-
teristics can be observed. In addition to the application of standards, it was noted that dif-
ferent studies adopted models, schemas, metamodels, linked data, ontologies, languages,
and packages for metadata standardization. Given this scenario, these results were con-
sidered, even if they do not exactly represent a metadata standard. Table 3 provides more
information about the standards and structures used.

Table 3. Standards and structures used as metadata standards.

Standard Description

Dublin Core (DC) Set of metadata elements planned to facilitate the description of electronic resources
Extensible Metadata  Platform | Technology that allows embedding metadata into files during content creation
(XMP)

International Press Telecommuni-
cations Council Information Inter-
change Model (IPTC IIM)

Defines each field purposes and how values are stored as binary data

Text Encoding Initiative (TEI)

Consortium developing and maintaining a standard for digital text representation

Open Information Model (OIM)

Provides a clean and simplified model for XBRL, not supporting all XML-based syntax
possibilities

Metadata object description schema

MODS is a schema for a set of bibliographic elements that can be used for various pur-

(MODS) poses, especially for applications in libraries
Common Warehouse Metamodel | Standard for exchanging metadata between modeling tools and databases
(CWM)

Structured Query Language for
Java Applications (SQLJ) Standard

It consists of a translator and a runtime component and seamlessly integrates into your
development environment

XML Metadata Interchange (XMI)

Integration framework for the exchange of models and any type of XML data. XMI is used
in tool integration, repositories, applications, and data warehouses

Web Ontology Language (OWL)

Designed to represent rich and complex knowledge about things, groups of things, and
relationships between things

IMS Global Learning Consortium
Learning Object

Facilitate the discovery and retrieval of learning objects stored in more than one collection

Sharable Content Object Reference
Model (SCORM)

Set of technical standards for eLearning software products

Learner Information Package (LIP)

Describes how students can interact with an online learning environment based on their
preferences and needs

Simple Extension

(SHOE)

Ontology

Allows web page authors to annotate their web documents with machine-readable knowl-
edge

Question and Test Interoperability

(QTD

Enables the exchange of item content and test and results data between authoring tools,
item banks, test construction tools, learning platforms, assessment delivery systems, and
scoring/analysis engines

Key-Length-Value (KLV)

KLV is a data encoding standard used to embed information or data in video feeds

Earth Observing System Data and
Information System (EOSDIS)

Provides end-to-end capabilities for managing NASA Earth science data from various
sources - satellites, aircraft, field measurements, and various other programs

Synthetic Aperture Radar (SAR)

Provides the means to describe the instrument, acquisition mode and operation, as well as
the processing algorithms applied to the data and any parameters related to these algorithms

IEEE Learning Object Metadata
(LOM)

Specifies a conceptual data schema that defines the structure of a metadata instance for a
learning object

Resource Description Framework
(RDF)

Facilitates data merging, even when the underlying schemas are different, and specifically
supports schema evolution over time




Standard

Description

IEEE.802.15.4 Standard

Specifications for the physical layer and medium access control sublayer for low-rate wire-
less data connectivity with fixed, portable, and mobile battery-powered or very limited
battery devices

Advanced Video Coding (AVC) or
H.264

Metadata standard for video compression that provides video quality at low bit rates

The results presented in Table 3 allow for the analysis of standards, models,
schemas, metamodels, and packages in terms of their contribution to metadata standard-

ization.

4.2. Research Fields in Computer Science that Consider Metadata Standards

To answer RQ2, we conducted the association of studies that explicitly mentioned Meta-
data Standards in CS. The classification system adopted by ACM was considered (ACM,
2023). Table 4 presents the outcome of this association.

Table 4. Associations between studies and research fields in CS.

Subject

Article Title

Information Systems

”Metadata Standards for Semantic Interoperability in Electronic Government”

Computing Methodologies

”A generic framework for the integration of heterogeneous metadata standards into a
multimedia information retrieval system”

Applied Computing

”An International Analysis of the Extensions to the IEEE LOMv1.0 Metadata Stan-
dard”

Networks

”A Deep Learning Classifier for Sentence Classification in Biomedical and Computer
Science Abstracts”

In the association presented in Table 4, eight different research fields were consid-
ered. The research fields included Information Systems, Applied Computing, Computing
Methodologies, and Networks. The same association was performed for subfields of re-
search in CS. Table 5 presents the results.

Table 5. Associations between studies and subfields of research in CS.

Subfield Article Title
Information Storage Systems ”Metadata Standards for Semantic Interoperability in Electronic Government”
Computer Graphics ”A Generic Framework for the Integration of Heterogeneous Metadata Standards

into a Multimedia Information Retrieval System”

Information Retrieval

” A Generic Framework for the Integration of Heterogeneous Metadata Standards
into a Multimedia Information Retrieval System”

Information Systems Applications | ”A Generic Framework for the Integration of Heterogeneous Metadata Standards

into a Multimedia Information Retrieval System”

Computers in other Domains

” A Generic Framework for the Integration of Heterogeneous Metadata Standards
into a Multimedia Information Retrieval System”

Multimedia Information Systems ”A Generic Framework for the Integration of Heterogeneous Metadata Standards

into a Multimedia Information Retrieval System”

Data Management Systems

”Metadata standards for data warehousing open information model vs. common
warehouse metadata”

Education

”A Study on Various Semantic Metadata Standards to Improve Data Usability”

World Wide Web

”A Study on Various Semantic Metadata Standards to Improve Data Usability”

Life and Medical Sciences

“Metadata Standard and Data Exchange Specifications to Describe, Model, and
Integrate Complex and Diverse High-Throughput Screening Data from the Li-
brary of Integrated Network-based Cellular Signatures (LINCS)”

Network Protocols

”Computer Science: New Problems and Promising Methods (Review)”

In terms of subfields, various possibilities were observed, associated with Informa-
tion Storage Systems, Computer Graphics, Information Retrieval, Information Systems
Applications, Computers in other Domains, Multimedia Information Systems, Data Man-
agement Systems, Education, World Wide Web, Life and Medical Sciences, and Network



Protocols. In this association, it was noted that the same work was associated with differ-
ent fields. This multiple association occurred because, in the respective study, different
standards, models, and packages were presented.

5. Discussion of Results

From the presented results, it is possible to extract important information regarding the
use of Metadata Standards in CC. The concept of standards considered by the selected
studies can be interpreted as flexible, given that models, schemas, linked data, ontologies,
languages, and packages were used to standardize metadata representation. This diversity
of artifacts used for standardization purposes may indicate the absence of consolidated
Metadata Standards in CC. Different standards were identified for different fields and
subfields of research in CC. The classification adopted by ACM aided in associating stud-
ies with specific fields and/or subfields.

6. Threats to Validity

During the conduct of secondary studies, specific threats can be observed
[Ampatzoglou et al. 2019]. In this study, the following categories of threats were con-
sidered and mitigated.

e Selection Validity: This category considers threats that could compromise
the search and evaluation of studies. Examples of threats include the selec-
tion of databases and the construction of search strings. To minimize such
threats, only databases deemed relevant to the fields of CS were considered
[Nakagawa et al. 2017], and multiple tests were conducted with the established
search string.

» Data Validity: This category considers threats that may be identified in data ex-
traction and analysis. Examples of threats include errors that may occur during
data collection and publication. To mitigate such threats, there was a separate and
individual assessment by each of the authors of this study regarding the collected
data.

e Research Validity: This category encompasses threats related to the overall
research design. Examples of threats include the generalizability of results
and the coverage of research questions. To minimize such situations, pro-
tocols established in the literature for Systematic Mappings were considered
[Kitchenham et al. 2007]; [Petersen et al. 2008].

7. Final Remarks

This study presented a Systematic Mapping conducted to identify Metadata Standards for
use in Computer Science. Initially, 43 studies were evaluated, of which 23 studies were
selected for meeting the inclusion criteria. In addition to the explicit citation of standards,
it was observed that other artifacts, such as models, schemas, linked data, ontologies,
languages, and packages, were used to standardize the representation of metadata.

The authors understand that the results of the Systematic Mapping may indicate
that standards and artifacts are considered in the description and/or representation of meta-
data, even if there is not yet a consolidated standard. Initial studies are being conducted



to investigate the application of Metadata Standards in specific fields, such as Software
Engineering and Information Systems.

This project can be useful for studies related to metadata registration. It also can
be relevant for studies that evaluate the utility and feasibility of metadata standards in
specific applications.
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