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Abstract. Review articles are a means to structure state-of-the-art lit-
erature and to organize the growing number of scholarly publications.
However, review articles are suffering from numerous limitations, weak-
ening the impact the articles could potentially have. A key limitation
is the inability of machines to access and process knowledge presented
within review articles. In this work, we present SmartReviews, a review
authoring and publishing tool, specifically addressing the limitations of
review articles. The tool enables community-based authoring of living
articles, leveraging a scholarly knowledge graph to provide machine-
actionable knowledge. We evaluate the approach and tool by means of a
SmartReview use case. The results indicate that the evaluated article is
successfully addressing the weaknesses of the current review practices.

Keywords: Article Authoring · Digital Libraries · Living Review Doc-
uments · Semantic Publishing

1 Introduction

As more scholarly articles are published every year [9], methods and tools to or-
ganize published articles are becoming increasingly important [12]. Traditionally,
review (or survey) articles are used to organize information for a particular re-
search domain [28]. Research articles, also referred to as primary sources, present
original research contributions. Review articles, or secondary sources, organize
the research presented in the primary sources [23]. The importance of review ar-
ticles becomes apparent in the fact that these articles are often highly cited [31]
which indicates that they are valuable for the community. Although reviews are
important, they suffer from several major weaknesses, which affect the potential
impact review articles can have. For example, once review articles are published,
they are generally not updated when new research articles become available.
This results in reviews that are outdated soon after publication. Furthermore,
scholarly articles are not machine-actionable, which prevents machines from pro-
cessing the contents.
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Fig. 1. Illustration of key features and anatomy of SmartReviews. They are composed
of several building blocks, including natural text, comparisons and visualizations.

In this work, we present SmartReviews, a novel tool to author and publish
review articles. The tool implements the requirements from the equally named
SmartReview approach [21] which addresses the weaknesses from which current
review articles are suffering. Reviews are authored in a community-based manner
and are represented as living documents, meaning that they can be updated
whenever deemed necessary by the community. SmartReviews are implemented
within an existing scholarly knowledge graph called Open Research Knowledge
Graph (ORKG) [8]. The key features and anatomy of SmartReviews are depicted
in Fig. 1. In summary, this article provides the following research contributions:
(i) Detailed description of authoring and publishing semantic review articles
using knowledge graphs. (ii) Implementation of SmartReview authoring tool.
(iii) Presentation and evaluation of an original SmartReview article.

2 Related Work

The current review authoring and publishing method faces numerous limitations
and weaknesses [19]. In recent work [21], we identified these limitations and de-
scribed them in detail. Table 1 summarizes them and includes an extended list
of supporting related work. Based on those weaknesses, we devised an approach
to address them. The two most pressing weaknesses relate to the inability to up-
date articles once published and to the machine-inactionability of the presented
knowledge. Both of these topics are extensively discussed in the literature.

Shanahan advocates for “living documents” and to move away from the tradi-
tional and obsolete print model in which articles are sealed after publishing [25].
The living documents concept also provides opportunities for article retractions
and corrections [2]. This gives the possibility to embrace the features the mod-
ern web has to offer, including semantic web technologies [26]. Berners-Lee et al.
used to term Linked Data to describe the interlinking of resources (i.e., data) by
means of global identifiers, which constitutes the semantic web [3]. The Resource
Description Framework (RDF) is the language used to represent the resources
and provides an actionable format for machines [14]. RDF can be queried using
the SPARQL query language [22]. The use of these technologies improves the
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Table 1. Summarized weaknesses of the current review and their respective related
work. A detailed list of the weaknesses is presented in previous work [21].

Weakness Definition Related work

Lacking updates Published articles are generally not updated due to
technical limitations or lacking author incentives

[15,16,19]

Lacking collabora-
tion

Only the viewpoint from the review authors is re-
flected and not from the community as a whole

[19,24]

Limited coverage Reviews are only conducted for popular fields and are
lacking for less popular ones

[19,27,28]

Lacking machine-
actionability

The most frequently used publishing format is PDF,
which hinders machine-actionability

[4, 7, 10, 12, 13,
17,19]

Limited accessibility The articles in PDF format are often inaccessible for
readers with disabilities

[1, 5, 18]

Lacking overarching
systematic represen-
tation

Web technologies are not used to their full potential
because systematic representations are often lacking

[19,26]

machine-actionability of data and provides a means to make data FAIR (Find-
able, Accessible, Interoperable, Reusable) [29]. Semantic web technologies also
play a key role in the living documents concept presented by Garcia-Castro et
al. [6]. This type of document supports tagging and interlinking of individual
article components and embeds ontologies in the core of their approach.

3 Approach

Our approach addresses the previously listed weaknesses. Accordingly, we intro-
duce dimensions to address each weakness individually. The dimensions com-
prise: (i) Article updates (ii) Collaboration (iii) Coverage (iv) Machine-action-
ability (v) Accessibility (vi) Systematic representation. The approach leverages
the SmartReview requirements as presented in [21].

The ORKG is used at the core of our approach. The use of knowledge graphs
enables the reuse of existing ontologies, thus improving the machine-actionability
of the data. To this end, the article has to be represented in a structured and
semantic manner. Research articles are generally composed of multiple (non-
structured) artifacts, among others this includes natural text sections, figures,
tables, and equations. Review articles, in particular, do often include an addi-
tional artifact in the form of comparison tables. These tables present the reviewed
work in a structured manner and compare the work based on a set of predefined
properties. A previous study indicated that approximately one out of five review
articles contains such tables [20]. Due to the structured nature of comparison
tables, they can be processed more easily by machines. Complemented with se-
mantic descriptions of the data, the comparisons can become FAIR data [19].
Therefore, we use comparison tables as the basis of our SmartReview approach.
We leverage the comparisons tables within the ORKG which are specifically
designed to be machine-actionable.
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4 Implementation

The interface is implemented in JavaScript using the React framework, the
source code is available online3. Additionally, a feature demonstration video is
available.4 The knowledge graph is built on top of a Neo4j property graph and
SPARQL support is provided via a Virtuoso endpoint.

4.1 Section Types

The main building blocks of SmartReviews are sections. Each section has a
section type that describes the section’s content and its relation to the knowledge
graph. The article writer has been implemented on top of the ORKG which allows
for reusing artifacts already present in the graph. When adding a section, the
type can be selected (Fig. 2, node 6). The section types comprise:

– Natural language text sections support markup text via a Markdown
editor. References are supported via a custom syntax using the same notation
as R Markdown [32].

– Comparison sections consist of tabular overviews of scientific contributions
from papers that are being compared based on a selected set of properties.
Comparison sections form the core of each review article.

– Visualization sections provide visual views of comparison data.
– Ontology table sections list descriptions of the properties and resources

used within comparisons.
– Resource and property sections show a tabular representation of used

resources and properties and their definitions from the knowledge graph.

4.2 Implementation per SmartReview Dimension

The implementation consists of various components to provide a comprehensive
authoring interface. Among other things, this includes support for in-text cita-
tions, an interactive article outline, and reading time estimation. These features
are ordinary functionalities for authoring tools and are therefore not discussed in
detail. In the remainder of this section, we specifically focus on the dimensions
of the SmartReview approach since they form the basis of the implementation.

Article updates. The requirement of updating articles combined with the
requirement to keep persistent versions of articles introduces a level of versioning
complexity. Especially due to the interlinking of knowledge graph resources,
persistency is a complex endeavor that requires versioning at the resource level.
To reduce the complexity, we added the constraint that only the latest version
of an article can be updated, which we call the head version. The head version is
the only version that is stored in the graph. This implies that always the latest
3 https://gitlab.com/TIBHannover/orkg/orkg-frontend/-/tree/master/src/
components/SmartReview

4 https://doi.org/10.5446/53601

https://gitlab.com/TIBHannover/orkg/orkg-frontend/-/tree/master/src/components/SmartReview
https://gitlab.com/TIBHannover/orkg/orkg-frontend/-/tree/master/src/components/SmartReview
https://doi.org/10.5446/53601
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Fig. 2. Screenshot of the implemented interface. Black labels represent the RDF types.
Types prefixed with “Ex” are from the scholarly graph used for the implementation.
Node 1 relates to the metadata of the article. Node 2 is the natural text content section
and its Markdown editor. Node 3 shows the DEO type, which can be selected by the
users when clicking on the label. Node 4 is a comparison section and node 5 is a property
section. Node 6 shows the type selection for a new section. Node 7 is the visualization
of the comparison shows in node 4. Finally, node 8 lists the contributors of the article.
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version of the article is present in the graph, leaving version complexity outside
the graph and thus making it easier to interact with the graph. When an article
is published within the system (not to be confused with publishing the article via
a publisher), a snapshot is created of the subgraph used to generate the article.
This approach resembles that of other collaborative curation systems (such as
Wikipedia) that only allow edits of the latest version and keep a persistent
history of all versions. Crucial for this approach is the ability to compare previous
versions and to track individual changes (i.e., the diff view).

Collaboration. Collaboration is supported by allowing edits from any user.
As with the article updates, this resembles the approach Wikipedia takes to
support collaborative authoring. In Wikipedia, this has resulted in high-quality
articles, which is popularly explained by the “wisdom of the crowd” principle [11].
To acknowledge researchers who contributed to the article, and to create an
incentive to contribute, the acknowledgements section automatically lists anyone
involved in writing the article (Fig. 2, node 8). The list of acknowledgements is
generated by traversing the article subgraph.

Coverage. The only prerequisite to be able to contribute to an article is
the need for a user account. Authentication serves for tracking provenance data
(needed for the acknowledgements) and as a basic abuse prevention system.

Machine-actionability. As described, the article content is available in
the knowledge graph. The data itself can be accessed via various methods,
including a SPARQL endpoint, RDF dump, and REST interface. To enhance
machine interoperability, (scholarly) publishing ontologies were used. In Fig. 2,
RDF types prefixed with their respective ontologies are displayed next to sys-
tem components. This includes the Document Components Ontology (DOCO)5
to describe documents components. The FRBR-aligned Bibliographic Ontology
(Fabio)5 to describe the types of published work and the Discourse Elements
Ontology (DEO)5 ontology for specifying the section types. For the latter ontol-
ogy, the article authors are responsible to select the appropriate type from a list
of all DEO types for natural text sections (Fig. 2, node 3).

Accessibility. Review articles are available as HTML files, which makes
them by design more accessible than their PDF counterpart. Furthermore, WCAG
guidelines are followed to enhance accessibility. In particular, semantic HTML
tags are used as well as hierarchical headings. Finally, articles are responsive
(i.e., support different screen sizes) making them suitable for high browser zoom
levels and large font settings.

Systematic representation. Comparison tables form the main component
to support systematic representations (Fig. 2, node 4). The tables are created
in a spreadsheet-like editor. The papers used within the comparison are rep-
resented as structured data in the graph, including the metadata such as title,
authors, and publication date. Furthermore, the properties and their correspond-
ing values are stored in the graph. When creating the comparison table, users
are recommended to use existing properties and resources to further enhance
interlinking.

5 http://purl.org/spar/{doco,fabio,deo}

http://purl.org/spar/{doco,fabio,deo}
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5 Evaluation

To evaluate our approach, we now present a use case with an original SmartRe-
view article to demonstrate how SmartReviews look like and how they differ
from regular reviews. Afterwards, we demonstrate how data presented within
the article can be accessed in a machine-actionable manner.

The SmartReview presents a selective literature review, titled “Scholarly
Knowledge Graphs”, and it published online6. It consists of three comparisons
and reviews in total 14 articles related to various types of scholarly knowledge
graphs (i.e., identifier, bibliographic, domain-specific systems). This use case
highlights the differences with regular static review articles. While regular review
articles generally review the literature in comprehensive (and possibly lengthy)
text sections, the SmartReview example shows how, instead, comparison tables
are used to compare literature. Due to the interactive nature of the tables, they
can contain more information than tables presented in static PDF files. An-
other notable difference is the presence of ontology tables within the article. The
benefit of such tables is twofold: They improve machine-readability by linking
the used properties to existing ontologies and improve human comprehension by
textually describing the meaning of the property.

To demonstrate the machine-actionability of SmartReviews, we now present
four SPARQL queries that are used to query the underlying data (cf. Query 1.1,
1.2, 1.3, and 1.4). The first query is for metadata, whereas the other queries are
for the actual knowledge presented in the respective articles. The prefixes orkgc,
orkgp and orkgr represent the class, predicate and resource URIs respectively.

SELECT DISTINCT ?smartReview
WHERE {
?smartReview a orkgc:SmartReview;

orkgp:P30 orkgr:R278.
}

Query 1.1. Return all SmartReviews
with research field (P30) information sci-
ence (R278).

SELECT DISTINCT ?paper
WHERE {
?contrib a orkgc:Contribution;

orkgp:P32 orkgr:R49584.
?paper orkgp:P31 ?contrib.

}

Query 1.2. Return paper contributions
(P31) addressing Scholarly Communica-
tion (R49584) as research problem (P32).

SELECT DISTINCT ?section
WHERE {
?review a orkgc:SmartReview;

orkgp:P27 orkgr:R8193;
orkgp:P31 ?contrib.

?contrib orkgp:HasSection ?section.
?section a orkgc:Introduction.

}

Query 1.3. Return all introduction sec-
tions from SmartReviews related to infor-
mation science (R278).

SELECT DISTINCT ?paper
WHERE {
?contrib a orkgc:Contribution;

orkgp:P32 orkgr:R49584;
orkgp:P7009 "T"^^xsd:string.

?paper orkgp:P31 ?contrib.
}

Query 1.4. Return all scholarly commu-
nication systems (R49584) with RDF sup-
port (P7009).

6 https://www.orkg.org/orkg/smart-review/R135360

https://www.orkg.org/orkg/smart-review/R135360
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6 Discussion

We acknowledge that our proposed approach is radical and will unlikely be
immediately adopted in every aspect by the research community. While some of
the weaknesses originate from technology limitations, the main challenge is not
technological in nature. Rather it is rooted in researchers’ habits and mindsets
and being comfortable with familiar methods. This relates to the open access
movement [30] which does not face a technical challenge but complex change
that involves many aspects of traditional publishing.

Our proposed approach does not solely address review authoring but also
impacts the publication and dissemination process. Articles can be published and
accessed via the platform’s user interface or directly via the graph. Therefore,
the platform serves as a digital library for review articles. As discussed, any
user can author new articles and contribute to existing articles. This means that
articles are not peer-reviewed in the traditional sense, rather a community-based
continuous review method is performed. However, traditional peer-review is still
possible. For example, as soon as an article is mature enough (which is decided
by the authors), it can be published with traditional publishing means. However,
we want to stress that a traditional publishing body is optional and is therefore
not part of our approach.

An extensive user evaluation is required to access the interactions and actual
use of the system. Additionally, this user evaluation can focus on the usability
aspects of the system. For future work, we have planned an evaluation with
domain experts who will be asked to create a SmartReview for their field of
expertise. This includes the creation of relevant comparisons and visualizations.

Our approach can be generalized to research articles. Concretely it means
that the article writer can be used to author any type of scholarly article. We
focused on review articles because several of the weaknesses are most apparent for
this type of article. Furthermore, we deem the limitation of static non-updated
articles as a key limitation for reviews.

7 Conclusions

We presented the SmartReview tool, an application to author and publish schol-
arly review articles in a semantic and community-maintained manner. With the
implementation, we address the current weaknesses of review article author-
ing and demonstrate a possible future of publishing review articles. A schol-
arly knowledge graph is used at the core of our approach, which increases
the machine-actionability of the presented knowledge. The presented use case
demonstrates how SmartReviews look like and it shows that the contents within
articles is published in a machine-actionable manner.

Acknowledgements This work was co-funded by the European Research Coun-
cil for the project ScienceGRAPH (Grant agreement ID: 819536) and the TIB
Leibniz Information Centre for Science and Technology.
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