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Abstract

Due to the ubiquity of unstructured biomedical data, signif-
icant obstacles still remain in achieving accurate and fast
access to online biomedical content. In lieu of the grow-
ing volume of biomedical content on the web, embedding
semantic annotations has become key to enhancing search
engine context-aware indexing, thereby improving search
speeds and retrieval accuracy. We introduce Semantically: a
socio-technical framework for semantic biomedical content
authoring and publishing. Identifying the appropriate seman-
tic vocabulary for biomedical content annotation is a time-
consuming and technically challenging process. Semantically
automates this search by recommending highly accurate an-
notations from a wide range of biomedical ontologies. Fur-
thermore, the framework is integrated with a knowledge-
sharing system which allows biomedical authors to collabo-
rate on identifying precise annotations during the content au-
thoring process. Similarly, preserving content-level semantics
during and after publishing to foster semantic search remains
a research challenge. Semantically addresses this barrier by
extending Schema.org, a community-agreed and research en-
gine endorsed guideline for publishing structured content on
the web. https://gosemantically.com/
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Background

Semantic Content Authoring (SCA) is the process of em-
bedding semantic annotations with content to improve its
machine interoperability and overall FAIRness (Findability,
Accessibility, Interoperability, and Reusability) (Khalili and
Auer 2013). The process of embedding semantic annota-
tions is mainly composed of 1) finding the reference on-
tologies, 2) availability of annotator system, and 3) user-
friendly interface(s). The reference ontologies, also known
as a knowledge base, act as a repository of semantic vocabu-
laries from which the system draws from. More comprehen-
sive and robust taxonomy repositories such as Unified Med-
ical Language System (UMLS) and NCBO BioPortal on-
tologies yield more accurate annotations (Aronson and Lang
2010). The primary responsibility of an annotation system

Copyright © 2022 by the authors. All rights reserved.

or annotator is to map entities found in the content to spe-
cific ontology concepts (Aronson and Lang 2010). The role
of the user interface is to mainly provide a point of control
for the various semantic options in the system to abstract the
underlying mechanisms.

Introduction

Due to the rapidly expanding research in the biomedical
sciences, a massive volume of unstructured biomedical lit-
erature has been made available over recent years. There
are over 1700 large-scale biological databases and over 30
million citations for biomedical literature on PubMed alone
(Jonquet et al. 2009). The rapid growth in the biomedi-
cal domain has introduced an access-level challenge for re-
searchers and practitioners (Shah et al. 2009). Despite there
being vital information freely available on the web, the
lack of machine-interoperable metadata (semantic annota-
tions) renders it ambiguous for search engines to perform
information retrieval and knowledge extraction. The abil-
ity to disseminate routinely composed and generated med-
ical data into a form of interoperable knowledge is neces-
sary to achieve optimal search accuracy and speed (Bukhari
2017) (Bukhari et al. 2018). The incorporation of machine-
interoperable semantic annotations before publication, i.e.,
while authoring content and maintaining it during its dis-
semination and publishing, is required to achieve FAIRness
in the biomedical domain (Shah et al. 2009). However, ex-
porting and sharing ontological enriched documents in a
manner that preserves embedded semantics is complicated
and requires advanced technical skills and subject expertise.
A cutting-edge, freely accessible biomedical semantic con-
tent authoring and publishing framework would change the
landscape. To that aim, we introduce Semantically, a web
framework designed for biomedical researchers and content
creators of all experience levels to compose and export se-
mantic biomedical content. Additionally, the second goal of
this study is to present the design and development of a pub-
licly available complimentary system that allows Semanti-
cally users with varying levels of competence in the biomed-
ical domain to collaborate on authoring and to publishing
biomedical semantic content. Such a knowledge-sharing ap-
proach is ideal for achieving more accurate annotations be-
cause it pulls from the experience of a group of domain ex-
perts to identify annotation candidates while leaving the au-
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Figure 1: A diagram of the biomedical content authoring and publishing workflow on Semantically

thor with the final decision on which is best for their content
(d’Aquin et al. 2008).

The rest of the paper is organized as follows. First, the
related work section evaluates other available systems and
explains where our proposed approach differs from them.
Next, the methodology section covers implementation de-
tails of Semantically, including the knowledge sharing sys-
tem. Then, we run through some use cases and demonstrate
how to utilize the platform effectively. Lastly, we conclude
and discuss future work.

Related Work

The current standard for biomedical semantic content au-
thoring (SCA) is through word processors, which do not
produce semantic annotations compatible with the web. Fur-
ther, the majority of these word processors fail to adhere
to Schema.org, a semantic annotation standard for the web
endorsed by many search engines, including Google (Ser-
inghaus and Gerstein 2008). This disconnect has brought
about the rise of semantic web tagging schemes such as
Merkle’s Schema Markup Generator, Schema Builder from
Schema.dev, and Google’s Structured Data Markup Helper.
Semantic tagging utilities come in forms ranging from full-
fledged web applications to browser extensions, but they all
function to retroactively produce and apply semantic anno-
tations to content after publication. Technicians usually per-
form these tasks intending to boost the content’s Search En-
gine Optimization (SEO), often with little knowledge or in-
volvement in creating that content. A tremendous blocker on
the progress of semantic authoring and publishing research
is that researchers failed to recognize the importance of in-
volving the original content creator: the author (Mbouadeu
et al. 2022). Instead, they concentrated on technological so-
phistication, limiting system interactions to technical indi-
viduals. Often, only the author(s) understand why a certain
phrase was employed to convey an idea. Third-party techni-
cians are not privy to such insider information, making them
poorly equipped to oversee the SCA process (Abbas et al.
2021). However, most authors lack technical and/or subject
(domain) expertise, leaving a steep learning curve to acquire
the requisite skills. For them to undertake the process unas-
sisted would be highly time-consuming and distracting.

Proposed Methodology

Our proposed methodology aims to assist biomedical practi-
tioners and researchers uplift their unstructured biomedical
content quickly, accurately, and intuitively. The goal is to
automatically suggest the appropriate ontology vocabularies
for annotation while balancing the accuracy and speed of the
entire SCA process. Meanwhile, several Schema.org com-
pliant web publishing options are provided, such as JSON-
LD and HTML (with embedded meta tags), which can main-
tain the content’s semantic integrity. The following sections
explain our system’s semantic content authoring and pub-
lishing workflows (Figure 1).

Semantic Content Authoring

The Semantically framework was designed for users ranging
from bench scientists and medical doctors to writers sim-
ply involved in medical journalism. The process starts when
the user creates a new document on the platform. They can
choose to either start from scratch or import pre-existing
content. Following creating a document, the user is redi-
rected to a text editor to view and edit their content before
annotating it. To help users make the most out of the plat-
form, Semantically provides two annotation modes to get
started with the process: all and select ontologies. The all
option instructs the annotation system to consider all Bio-
portal ontologies, whereas select ontologies allows users to
specify which taxonomies to reference.

Semantically utilizes Bioportal’s Recommender API
(Jonquet et al. 2009) to perform concept recognition and
information extraction. The primary reason we chose Bio-
portal’s annotator rather than alternatives such as Metamap
(Aronson and Lang 2010) is that it uses Mgrep for concept
recognition which has the advantage of being faster and lan-
guage agnostic. Metamap utilizes the UMLS corpus and has
a more thorough recognition algorithm, making it slower.
Once the user selects an annotation mode and completes the
ontology configurations, if applicable, the content is passed
through Bioportal’s Recommender API.

Semantically now has a map of concepts mentioned in the
content to ontologies they were matched with. These ontolo-
gies are then ranked based on frequency and context analysis
on their corresponding terminology (Abbas et al. 2019). An-
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other process the framework performs on the matches has to
do with Bioportal’s annotator considering any entity in the
content, both single and complex, for annotations instead
of using the longest match. For example, even if the en-
tity breast cancer is recognized, the sub-entities breast and
cancer could also be recognized and mapped individually.
Our system obfuscates sub-entities and prioritizes overarch-
ing entities. Afterward, the annotations are viewable to the
user to alter or delete (Figure 2).
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Figure 2: Semantically annotation editing

The Socio-technical Approach

Although only the original author can truly make the right
semantic considerations, there often still exists a gap be-
tween that knowledge and familiarity with the semantic syn-
tax to represent it, putting these users at a severe disad-
vantage (Hinze et al. 2019). To address this gap, Semanti-
cally includes an integrated socio-technical (Semantically
Knowledge Café) system for authors within similar do-
mains or expertise to collaborate on semantic annotation.
Such community-derived annotation decision-making has
been proven to result in more accurate semantic annotations
(Hinze et al. 2019). While selecting annotations, authors also
have the option of asking for help from the editor view (Fig-
ure 2). Once engaged, the user can create a new post and
ask a question regarding annotating the selected terminol-
ogy. Replies are ranked and ordered based on community
votes. When a reply is submitted, it becomes viewable to the
post’s author through the corresponding document’s editor
panel (Figure 2). From there, the user can either accept or re-
ject the suggestion. Accepting a suggestion changes the on-
tology of the selected annotation to the one referenced in the
response; subsequently, the response is marked as the final
answer, and the post is closed, preventing further engage-
ment. Users can utilize this function simultaneously with
multiple annotations across documents to quicken the SCA
process.

Semantic Content Publishing

Following the SCA process Semantically offers, authors
can export their content from the framework through
Schema.org compliant formats (Figure 3). We utilize
Schema.org provided high-level structural tags such as Med-
ical Scholarly Article and Medical Entity and then couple
them up with the content-level semantic recorded during the

SCA process to generate the semantic metadata embedded
in the content.

Plain HTML Highlighted HTML JSON-LD  Cgjiapse All Expand All

June 29, 2021 -- A nev
immunity than thought
previously infected wit
vaccinated, the protect
prolonged immunity fo
investigate whether th
Department of Patholo
Pfizer vaccine, immune
suggests that these mf
whom had recovered fi

study: A detailed examinat

evidence: “Knowledge on which

Pfizer: “An American multina
offer: "To provide or suppl
immunity: "The protection agai

published: "The act of issuing

last month: "A period o

time co

amen tin order to protecthimor » found: "Being or existing i

people: “"Human beings in gen

Figure 3: Semantically export formats

HTML Format: The HTML export format is ideal for
user’s intending to post their content on the web. Semantic
annotations are embedded within the document in a format
that is easily accessible and interoperable by search engines.
JSON-LD: Semantically provides a JSON-LD export for-
mat based on the Schema.org entity structure. JSON-LD is a
standardized format for semantic annotations that allows au-
thors to convert it to other preferred structures such as RDF
and OWL.

Use Cases and Results

The Semantically framework is the ideal platform to seman-
tically enrich and improve the FAIRness of biomedical con-
tent ranging from free-written clinical notes to more pol-
ished blogs or articles. We will cover two examples of how
the framework can be effectively utilized to make biomedi-
cal content interoperable from user perspectives with differ-
ent levels of familiarity with semantic annotations.

Medical Blogging & Casual Writers

We will be annotating a blog post from Medium.com’s
health section for this demonstration. While annotating this
post, we will be behaving like a user who has little to no
experience interacting with annotation systems.

To begin, we create a new document on the platform’s
dashboard. With the content copied into the platform, we can
then proceed to annotate using the default settings. Once the
system has retrieved annotation candidates for the content,
we can begin viewing them and selecting which ones best
suit the annotated terminologies. Once that is done, we are
ready to publish.

Publishing semantically enriched content is simple on Se-
mantically. From the framework’s three options, one of the
HTML formats would be perfect for this particular scenario.
Given that "Medium” allows for importing articles through
HTML and links, this option would allow exporting the se-
mantic enriched content from the framework to a blogging
platform like "Medium” to happen in just a few clicks.

Biomedical Research & Professional Writers

We will be annotating a biomedical research paper from
Pubmed for our second demonstration. While annotating
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this study, we will be undertaking the perspective of a re-
searcher with experience with semantic annotations and tax-
onomies used in their domain.

The general setup is the same as the previous run-through,
where we create a new document and copy over the content.
However, before retrieving annotation candidates, we can
make a few changes to the configurations to allow specific
ontologies to be matched against our content. Dictionaries
such as the Microbial Phenotype Ontology (MPO) and the
Infectious Diseases and Antimicrobial Resistance Ontology
(IDAR) are a few choices a researcher might consider us-
ing utilizing. With one or more dictionaries selected, Se-
mantically will retrieve annotation candidates in the content
present in those dictionaries exclusively. The researcher can
then choose the concepts that best align with the intended
definitions they intended.

A blocker the researcher might encounter might be when
annotating the terminology fluoroquinolone, an antibiotic
used to treat bacterial infections. They might not be very
familiar with the particular antibiotic and may need some
assistance when choosing an annotation for it (d’Aquin et
al. 2008); there lies the purpose of Semantically Café. After
posting a question, such as asking which ontology to use, do-
main experts can assist by suggesting dictionaries that best
align with the terminology from their experience. When one
or more replies have been posted, the researcher will review
them directly from the document’s editor view (Figure 2)
and choose which they think is most suitable, using the re-
sponses’ reasoning and rating as reference.

After annotating the paper, the research could export the
annotations. The best format for this example would be to
choose the JSON-LD metadata option, which can be submit-
ted alongside the study to a journal (Bukhari, Krauthammer,
and Baker 2014).

Conclusion and Future Work

In the future, we aim to minimize repetitive questions. Al-
though all posts are currently made public, there is no easy
way for users to query the posts to see if what they need help
with has already been addressed previously.

At the pre-publication stage, context-aware authoring and
sharing is the least explored aspect of the semantic con-
tent life-cycle (d’ Aquin et al. 2008). This research advances
state-of-the-art biomedical semantic research and systems,
enabling various biomedical users to author and publish
context-aware content with no prior technical skills needed.
Our future aim is to continue developing the socio-technical
infrastructure even further to improve turnaround time and
the overall speed of the SCA process on Semantically. We
look forward to taking further steps towards equipping all
biomedical stakeholders with the tools and resources to up-
lift their content semantically.
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