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Abstract: In this extended abstract, we present the ongoing work of several researchers on using
research knowledge graphs (RKGs) for sustainable literature reviews (LRs) in software engineering
(SE) and beyond. SE and academia face a significant increase in secondary studies and, in particular,
LRs due to the ever-increasing number of publications. Most LRs are not sustainable as they do not
build on previous ones due to the unavailability of extracted and analyzed data. Our ongoing work aims
to address the challenge of conducting sustainable LRs by utilizing RKGs to ensure their data is FAIR,
open, and long-term available. We developed and still refine an approach for using the Open Research
Knowledge Graph (ORKG), one representative RKG, as a technical infrastructure for sustainable LRs,
based on the KG-EmpiRE use case, which organizes empirical research in requirements engineering.
The KG-EmpiRE use case demonstrates the applicability of our approach for conducting sustainable
LRs by building, publishing, maintaining, updating, and analyzing a knowledge graph of empirical
research in requirements engineering in the ORKG. The use of ORKG and RKGs in general can
significantly enhance the sustainability of LRs, promote collaboration and updating of LRs, and
ensure the quality, reliability, and timeliness of their research results through improved archiving,
retrieval, replication, and (re-)use.
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1 Introduction

Software engineering (SE) and academia are facing a significant increase in secondary

studies and, in particular, literature reviews (LRs) due to the ever-increasing number of

scientific publications [Na22, Au23]. Although LRs often share the same goals, use similar

methods, and even examine overlapping periods, venues, and themes, they rarely build on

or update previous LRs [Ka23]. The underlying problem is the unavailability of extracted

and analyzed data, which represents a substantial obstacle to collaboration and updating

of LRs, as the corresponding analyses and research results are not replicable and reusable.

Most LRs are not sustainable as they do not organize and publish their data according to the

FAIR data principles [Na22, do24] and corresponding to open science in SE [Me20].

While current research mainly provides social and economic decision support and guidance

for updating LRs in SE, researchers need support in the form of technical infrastructures

to conduct sustainable LRs so that all extracted and analyzed data is FAIR, open, and

long-term available [Ka23, do24]. In this way, the FAIR data ensures the reproducibility

and reusability of the corresponding analyses and research results, laying the foundation for
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collaboration and updating of LRs. Research Knowledge Graphs (RKGs) have emerged as a

promising technology in academia to sustainably organize and publish scientific data in a

FAIR, open, and long-term available manner [St22, Au23, Ka23].

In our ongoing work, Karras et al. [Ka23, Ka24b, Ka24c, Ka24d] examine the use of RKGs

and, in particular, the Open Research Knowledge Graph (ORKG) [Au23] as a technical

infrastructure for conducting sustainable LRs as they semantically represent scientific

knowledge. We developed and still refine an approach for conducting sustainable LRs using

the ORKG based on the KG-EmpiRE use case. This use case demonstrates the applicability

of the approach by building, publishing, maintaining, updating, and analyzing a knowledge

graph of empirical research in requirements engineering (KG-EmpiRE) in the ORKG.

In this extended abstract, we first provide a brief overview of the developed approach for

conducting sustainable LRs using the ORKG [Ka23], which received the Best Paper Award

at the 17th ACM/IEEE International Symposium on Empirical Software Engineering and

Measurement 2023. Second, we present the current state of KG-EmpiRE with its replicable

and reusable analysis [Ka24c], which received the Best Artifact Award at the 32nd IEEE

International Requirements Engineering Conference 2024. In this way, we want to raise

awareness for the potential of using the ORKG and more generally RKGs for sustainable

LRs, stimulate discussions on this topic, and enable other researchers to: 1) Replicate the

KG-EmpiRE analysis and its research results, 2) (Re-)use KG-EmpiRE with its latest data,

and 3) Repeat the developed approach for sustainable LRs on other topics.

2 ORKG for Sustainable Literature Reviews

The approach consists of three steps: Data Collection, Data Extraction, and Data Analy-

sis [Ka23]. The Data Collection gathers the relevant publications as PDFs on the topic of

the LR. In this step, we suggest following established guidelines for conducting LRs, such

as Kitchenham et al. [Ki07]. For Data Extraction, we use ORKG templates instead of a

simple spreadsheet. An ORKG template defines and enforces data structures, formats, and

constraints as graph patterns. An ORKG template can be applied to publications added

to the ORKG to define their graph structure. The ORKG parses the ORKG template and

generates an input form based on the graph patterns. In this way, a publication can be

described manually in the ORKG. However, it is also possible to use ORKG templates

programmatically to import data into the ORKG. During manual and programmatic data

entry, the ORKG validates the entries according to the applied ORKG template. This

approach ensures data quality, integrity, and interoperability. As a result, the data to be

extracted can be specified, and it is ensured that all the publications described are comparable

as they have the same structure. For Data Analysis, we use competency questions, i.e.,

natural language questions that represent the information needs of the respective community

on the topic of the LR. Competency questions can be translated into SPARQL, a query

language for RKGs, to retrieve the required data, e.g., in Jupyter Notebooks, enabling

replicable and reusable analysis and answers to the questions, including visualizations.
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This approach allows anyone to easily and consistently describe publications using ORKG

templates. When new publications are described with existing ORKG templates, an associated

analysis only needs to be executed again to obtain the updated research results. ORKG

templates can also be extended to describe collected publications more comprehensively. In

this case, an associated analysis needs to be extended accordingly to include the new data.

3 KG-EmpiRE and its Replicable and Reusable Analysis

KG-EmpiRE is a knowledge graph for a sustainable LR on the state and evolution of

empirical research in requirements engineering [Ka24c]. It is maintained in the ORKG

using an ORKG template developed for this use case, which currently covers the six themes

research paradigm, research design, research method, data collection, data analysis, and

bibliographic metadata, with an expansion planned for the future. To date, KG-EmpiRE

consists of 46,501 triples with 65,554 resources and 27,448 literals from currently 705

research track papers of the IEEE International Requirements Engineering Conference (1993-

2022). KG-EmpiRE has already been updated twice. The second update is still in progress

to cover all 753 research track papers of the IEEE International Requirements Engineering

Conference (1993-2024). The replicable and reusable analysis [Ka24b] currently answers

16 out of 77 competency questions derived from the published vision of how researchers

should conduct empirical research in all fields of SE in 2020–2025 [Sj07]. KG-EmpiRE, all

77 competency questions, the analysis, and the research results (answers with visualizations

and explanations), as well as all supplementary materials, are openly available on the ORKG,

GitHub [Ka24a], Zenodo [Ka24b], and Binder for interactive replication and (re-)use.

4 Conclusion

Our approach, illustrated by the KG-EmpiRE use case, lays the foundation for sustainable

LRs in SE and beyond. KG-EmpiRE and its analysis enable the replication of the results

from the related publications [Ka23, Ka24c, Ka24d], the (re-)use of the latest data, and

the repetition of our approach for sustainable LRs on other topics. Our ongoing work

demonstrates how RKGs, such as the ORKG, can be leveraged as innovative infrastructures

to make data from LRs FAIR, open, and long-term available. In this way, researchers can

collaboratively build on and update LRs, enabling sustainable LRs for comprehensive,

up-to-date, and long-term available overviews, true to the principle: Divide et Impera.

In summary, the unique feature of our developed approach and the KG-EmpiRE use case

is the demonstration that data from LRs can already be prepared during data extraction in

such a way that they are understandable and processable by both humans and machines,

facilitating its update, replication, and (re-)use. The presented approach has the potential

to be used on a large scale to establish sustainable LRs. In this way, we can ensure the

quality, reliability, and timeliness of research results from LRs and enhance their archiving,

retrieval, replicability, sand reusability in SE and beyond.
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