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Abstract

JabRef is a comprehensive literature management
tool built entirely around the BIBTEX data format.
JabRef’s features include web search, import and ex-
port in various formats, file attachment management,
and quality checks of entries. Moreover, JabRef sup-
ports conducting systematic literature reviews. As
an open-source initiative, JabRef also provides a
suitable platform for software engineering education,
particularly for newcomers to the field.

1 Overview on JabRef

JabRef is a comprehensive, open-source, cross-plat-
form reference management tool that offers a rich
set of features. The tool has its roots dating back to
a merge of Bibkeeper! and JBibtexManager?. Since
its first release on November 30, 2003, JabRef has
come a long way in serving researchers and writ-
ers. JabRef not only boasts a user-friendly graphical
interface,* but also provides a command line inter-
face.” It empowers users to gather, organize, and
share bibliographic references with ease. What sets
JabRef apart from other reference management tools
is its exclusive use of BIBTEX as its internal file for-
mat [13]: All entries and metadata are stored inside
a single BIBTEX file, providing seamless integration
with numerous typesetting systems.

Since JabRef 3.1, released on December 24, 2015,
JabRef keeps the BIBTEX entries unmodified by de-
fault. When a user changes an entry, JabRef applies
its formatting rules to that entry and only modifies
that single entry. All others remain untouched.® The
ordering of entries in BIBTEX files is also preserved.
If a defined ordering is desired, a user can opt in to
JabRef’s feature to sort the file on save. All in all,
JabRef can be used seamlessly with other third-party
tools for editing or consuming BIBTEX files.

1 bibkeeper.sourceforge.net/

2 ctan.org/pkg/jbibtexmanager

3 sourceforge.net/p/jabref/news/2003/11/jabref-10-
released/

4 docs .jabref.org/getting-started

5 docs. jabref .org/advanced/commandline

6 Two exceptions: 1) If “save actions” is activated, Jab-
Ref rewrites entries updated by the save actions (Section 4.3).
2) Fields migrated during load. For instance, the update of the
storage of JabRef’s entry grouping, the upgrade of “markings”
to JabRef groups, converting “special fields” from keywords
to separate fields, and converting the field review to comment.
The JabRef team is currently investigating the automatic
update to provide improved transparency (JabRef#10370).

doi.org/10.47397/tb/44-3/tb138kopp- jabref
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Additionally, JabRef provides explicit support
for BIBIMTEX. This is visible to the user at several
places. For instance, when adding a new entry, Jab-
Ref first asks for the entry type. That dialog is
filled with the entry types available in BIBTEX and
BIBITEX, respectively, depending on the library’s
setting. It is always possible to change the library
mode between BIBTEX and BIBIXTEX at a later point.
JabRef’s functionality to check for non-standard field
content is aware of BIBIXTEXs field content handling.
For instance, when page numbers are connected by a
single hyphen, the integrity check warns only when
in BIBTEX mode.

To help guide readers through JabRef in more
detail, the overall user interface of JabRef is pre-
sented in Section 2. The internal data model is
discussed in Section 3. Subsequently, selected fea-
tures are outlined in Section 4. Important facts on
JabRef’s open-source development and especially the
onboarding of students are presented in Section 5.
Collaboration is a hot topic and the current state of
JabRef is discussed in Section 6. Finally, contribu-
tion possibilities are outlined in Section 7.

2 The UI of JabRef

Figure 1 shows the main window of JabRef.

The search bar @ in the toolbar enables search-
ing in the library. Besides free text search, the search
supports search in selected fields as well as a regular-
expression based search. It is also possible to search
in the attached PDFs.”

The web search @ side pane allows for searching
for bibliographic entries out of more than 20 cata-
logs. For a concrete search, the user inputs a search
query as a combination of keywords using the syntax
of Apache Lucene®. This query is transformed to
the syntax of the respective search catalog and sub-
sequently used to query the corresponding catalog
API. The returned entries are displayed as a list of
bibliographic references, for some catalogs even with
abstract. The user can now select those references
to be imported into the library. All in all, the use
of a general query syntax enables switching online
resources transparently.”

The groups @ side pane allows for grouping refer-
ences into hierarchical collections based on keywords,
search terms, or manual assignment.'©

7 docs. jabref.org/finding-sorting-and-cleaning-
entries/search

8 lucene.apache.org/core/2_9_4/queryparsersyntax.
html

9 docs. jabref .org/collect/import-using-online-
bibliographic-database

10 docs. jabref.org/finding-sorting-and-cleaning-

entries/groups
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0, Search.. = =
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Figure 1: JabRef’s main window

All entries are displayed in the entry table @.
The column headers represent field names. The con-
tents of the table are an interpreted version of the
field content: The displayed version is text that looks
approximately as it would be output by BIBTEX: Ba-
sic WTEX formatting commands are interpreted and
converted to Unicode to provide a better preview.

The entry editor @ categorizes the BIBTEX fields
and provides editing capabilities for field values. The
categorization is rendered as tabs in the entry editor.
The distinction between required and optional fields
is based on the field definition in the common BIBTEX
styles [11]. JabRef adds additional categories to
support unique JabRef features.

The “Comments” tab lists comments to the
entry. Starting with JabRef 5.10, user-specific com-
ments are supported: If a BIBTEX field name follows
the format comment-X, it will be treated as a com-
ment by user X.

The “General” tab groups general metadata of
the entry. Examples are its DOI, keywords, groups
of the entry, and a rating (1 to 5 stars) of the entry.
Finally, attached files are listed here.

When PDFs are associated with an entry (us-
ing the file field), the “Annotations” tab displays
highlighted text and PDF comments in a list format.
Clicking on a particular item opens the PDF viewer
at the respective location.

The “Abstract” tab is used to display the ab-
stract field of the associated entry.

Occasionally, a BIBTEX entry may contain fields
that are not standard fields or recognized by Jab-
Ref. In such instances, these unrecognized fields are
gathered and displayed under the “Other fields” tab.

The entry editor also offers literature recom-
mendations, based on the currently selected article.
Recommendations are provided by the Mr. DLib
service [3], from a corpus with several million open
access publications.' Mr. DLib uses several rec-
ommendation algorithms, including content-based
filtering and collaborative filtering. The results are
displayed inside the “Related articles® tab.

The “BIBTEX source” tab displays the raw BiB-
TEX code, which users can modify directly. Once
the editing process is complete, JabRef parses the
updated content and automatically populates the
corresponding fields in the entry editor.

The “IATEX citations” tab establishes a link be-
tween a BTEX document and the citations used. Jab-
Ref recursively searches the directory of the BIBTEX
file for *.tex files and checks for \cite commands
being included. If the given key matches the cur-
rently selected entry, JabRef displays the name of
the tex file, with line and column number.

1 mr-dlib.org/
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The entry editor also provides a complete ren-
dering of the entry. The layout can be configured
either by a templating language custom to JabRef
or by choosing a style from the Citation Style Lan-
guage [19].12 The custom template language utilized
in JabRef comes with the significant advantage of
being able to render fields that are not necessarily
relevant to citations, such abstracts, comments, or
other user-defined fields.

3 BiIBTEX-based internal data model

Since its inception, JabRef is implemented in Java
and JabRef’s internal data model is based directly
on BIBTEX.

On the technical side, the contents of a BIBTEX
entry is implemented as a map that links a Field to
a String. A Field is a Java interface abstracting
from concrete fields.!'® For instance, one concrete
field class is
org. jabref.model.entry.field.StandardField,
which models all fields available in standard BIBTEX
and BIBIATEX. An example is AUTHOR("author",
FieldProperty.PERSON_NAMES). Based on the field
property, the JabRef entry editor knows that the
value editing component for that field should sup-
port person names. This is especially important
for autocompletion. Besides StandardFields, there
are IEEEField, BiblatexSoftwareField, and more.
If JabRef does not recognize a field, it is stored
in UnknownField, making JabRef extensible to un-
known fields.

The same concept is implemented for entry
types: The Java interface is EntryType with pos-
sible implementations StandardEntryType,
IEEETranEntryType,
BiblatexSoftwareEntryType, and
UnknownEntryType.

4 Selected features

This section explains selected features of JabRef:
Importing bibliographic data from files (Section 4.1)
or the web (Section 4.2), quality assurance of entries
(Section 4.3), and JabRef’s feature for supporting
systematic literature reviews (Section 4.4).

4.1 Importing MODS, EndNote, Citavi,
and PDFs

JabRef can import other formats, such as MODS, 4
EndNote, and Citavi.

12 qocs. jabref . org/setup/preview#layouts-styles

13 github.com/JabRef/jabref/blob/refs/heads/main/
src/main/java/org/jabref/model/entry/field/Field.
java#L8

14 Metadata Object Description Schema by the Library of
Congress: www.loc.gov/standards/mods/
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JabRef also offers the possibility to retrieve
BIBTEX data from PDF files, in four different ways:

1. reading embedded BIBTEX data (e.g., generated
by the authorarchive package [2]);

2. reading BIBTEX text on the first page (e.g., gen-
erated by the coverpage package [8]);

3. interpreting the first PDF page and applying
heuristics for the correct BIBTEX data; and

4. using a self-hosted instance of the GROBID ma-
chine learning library [4].

In each case, the user drops a PDF between list entries
in the main table, JabRef uses all these possibilities
and merges the result using heuristics to retrieve the
most complete BIBTEX entry for the given PDF file.
JabRef can also import a whole directory of PDF
files and complete the current BIBTEX library with
the PDF files missing in that library.

4.2 Importing references using a web
browser

JabRef provides a browser plugin that allows im-
porting the reference represented by a website into
JabRef.!> An icon is displayed in the browser ad-
dress bar. As soon as that icon is clicked, the plugin
fetches the bibliographic data and sends it to JabRef.
Then, JabRef presents an import inspection window,
which allows for double-checking of the generated
citation data and an assignment to one of the opened
libraries.

4.3 Quality assurance of entries

JabRef offers three features to ensure the quality
of entries: The integrity check,'® the cleanup of
entries,’” and the automatic cleanup upon save.'8

The integrity check checks the current BIBTEX
library for issues such as duplicate BIBTEX keys,
whether pages are connected via two hyphens in
the case of BIBTEX mode, and whether the field
value contains HTML-encoded characters. Any issues
are reported as a list in a separate window. When
clicking on an issue, the respective entry is selected
in JabRef’s main table.

For some BIBTEX issues, a cleanup is available:
The user can start a cleanup dialog (Figure 2) and
select actions to improve the quality of the biblio-
graphic entries. For instance, some BIBTEX entries
have the DOI contained in the note field. JabRef

15 docs. jabref .org/collect/jabref-browser-extension

16 docs. jabref.org/finding-sorting-and-cleaning-
entries/checkintegrity

17 docs. jabref.org/finding-sorting-and-cleaning-
entries/cleanupentries

18 docs. jabref.org/finding-sorting-and-cleaning-
entries/saveactions
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3E Cleanup entries O X

B Move DOIs from note and URL field to DOI field and remove hitp prefix
B Move preprint information from "URL' and jjoumal' field to the ‘eprint’ field
B Move URL in note field to url field
B Reformat ISSN
Upgrade external PDF/PS links to use the File’ field.
Move linked files to default file directory Ci\git-repositories\koppor\tugboat2023-jabref
B Make paths of linked files relative (if possible)
Rename PDFs to given filename format pattern
Filename format pattern: [bibtexkey] - [title]
Rename only PDFs having a relative path
Convert to biblatex format (e.g., store publication date in date field)
Convert to BibTeX format (e.g., store publication date in year and month fields)
Convert timestamp field to field ‘creationdate’
B Convert timestamp field to field 'modificationdate’

B Enable field formatters

Field name Formatter name

Pages Normalize page numbers [ I
Date Normalize date (1
Month Normalize month i
All-text-fields Replace Unicode ligatures (1

oK Cancel

Figure 2: Options to clean up entries

can move the DOI from there to the doi field. Other
cleanup actions include the normalization of page
ranges and the normalization of name lists, which
ensures that all names are formatted in the form
“lastname, firstname”.

Finally, the cleanup actions can also be triggered
on save (“save actions”). For instance, the user can
choose to always normalize the list of authors.

4.4 Systematic literature reviews

Systematic literature reviews (SLRs) are comprehen-
sive examinations of existing research on a partic-
ular topic, conducted according to a well-defined
and transparent methodology [7]. The most diffi-
cult challenge researchers face when conducting an
SLR is during the search step [1, 16]. Commonly
used e-libraries in the domain of computer science
research, such as IEEE, arXiv, and ACM, do not
support easy bulk access, which is key to the SLR
method [1]. JabRef fills this gap with its special
SLR feature [16]. The main concept of the imple-
mentation is to a) build on git and BIBTEX to track
the state of papers (excluded, included, ...); and
b) transform a generic query syntax to the different
query formats of each publisher.

JabRef provides an SLRwizard guiding the user
through the creation of an SLR [16]. First, the user
is asked for the intention of the SLR and in a next
step JabRef transforms the queries and sends them
to each catalog. The resulting BIBTEX data is stored
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Figure 3: JabRef’s stars on GitHub

in one BIBTEX file per catalog. The user then re-
views the fetched entries and removes entries if they
meet the exclusion criteria. This is recorded as a git
commit. When fetching is re-triggered, the deletions
are honored and only “real” new data is added to
the SLR repository.

5 JabRef as an open-source project

JabRef has a long history as an open-source project.
The first commit was on October 14, 2003. It moved
to GitHub in 2015 and gained popularity (Figure 3).
For the last 60 months, JabRef shows the following
statistics:!?

e (6 new committers per month on average,

e 16 total active committers per month on average,

e 37 percent of committers were new committers,

e 95 commits per month on average,

e 5.94 commits per committer per month on aver-
age, and

e Cumulative total committers grew by 402 (from
261 to 663).

The constantly increasing number of new con-
tributors is most likely due to the use of JabRef
in software engineering education in universities.2’
JabRef positions itself as a project that is more com-
plex than programming exercises for beginners, but
also less complex than distributed systems. This
allows students to focus on the software engineering
aspects of a real-world program. Examples of such as-
pects include: proper requirements specification and
a proper design document, and also proper test cases

19 The committer statistics have been gathered by git-pulse,
available at github.com/git-pulse/tools.

20 A list of courses is provided at devdocs.jabref.org/
teaching.
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Title Size Main Focus
® Integrate check-bib-for... #34g  small v logic + UI
Add support for scite.ai  #375 small - logic + Ul
pp g
(© Move data to wiki data #49 small ~ [ logic

Figure 4: Issue board for

and the process of using GitHub pull requests to con-
tribute to an open-source project. In some courses,
the schedule to contribute follows coordinated lec-
tures, ensuring sustainability of the concepts taught
(cf. [9]). We also try to make each project a suc-
cess, which should also contribute to sustainability
(cf. [17]).

One major issue for newcomers is to find suitable
tasks [12]. In JabRef, we have tagged “good first
issues” [6] for a long time. The intention of these
issues was to provide the contributor with a self-
guided tour through the concept of JabRef to be able
to contribute more in a next issue. Since students
participating in a course are primarily motivated
to complete their assignment and then move on to
other assignments, the required effort to understand
JabRef was not usually made.

In 2022, we changed this approach. We moved
away from recommending “good first issues” and
turned to a more fine-grained categorization schema
to present issues (Figure 4): We introduced a project
board, where each issue is categorized by the size of
the project, the main focus, the issue understanding
effort, the implementation effort, the testing effort,
and the status of the issue.

The size of a project is either small, medium,
or large. We have seen that some students tend
to like to work on the UI, while others prefer to
do backend-like development. Thus, we introduced
“main focus”, which may be on one (or both) of the
two main components of JabRef: The logic and the
user interface.

Moreover, students tend to underestimate the
task; in particular, they assume that they are able to
understand a task in a very short time, implement it,
and can get by with simple tests (if at all). Therefore,
we aim to make these efforts more explicit.

The issue understanding effort captures the esti-
mated effort to understand the context and the prob-
lem described in the issue. Although one might think
that literature management is a simple task, there
are details to think about. One example is adding
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Issue Implementation Testing Status
Understanding Effort Effort
Effort
v low v medium v low v Free to take
v low v high v medium | ~ Free to take v
v medium | ~ low - low v Free to take v

selecting an issue to work on

PDF files that contain multiple papers.2! Here, for in-
stance, students need to understand that extracting
BIBTEX data from such a PDF is different from PDFs
containing only one paper —and that this leads to
significant code changes in JabRef.

The implementation effort captures the esti-
mated effort to implement the main functionality.
In general, effort estimates are not exact [10]. We
merely view this category as a coarse-grained guide-
line for selecting an issue. For instance, an improved
error message when downloading a file is quite differ-
ent from developing and implementing a new concept
for the entry editor in JabRef.

The testing effort is highlighted to stress that
JabRef requires more than merely implementing a
feature; it necessitates a comprehensive approach in
line with the broader scope of software engineering,
which goes far beyond writing code [18]. Further-
more, the inclusion of tests alongside new features is
crucial for us, as it enables regression testing when
subsequent changes may affect existing behavior.

Regarding other approaches, Vargovich et al. [14]
take a different approach: they attempt to automat-
ically label issues based on the domain of the APIs
involved in the solution (e.g., User Interface, Test,
Databases). Our manual approach distinguishes be-
tween “logic” and “UI” as we consider these domains
to be the key distinguishing components (similar to
backend and frontend development). We also distin-
guish according to the general size of the project and
the difficulty of understanding an issue.

From a resource perspective, JabRef’s software
engineering education by JabRef is backed by the
non-profit organization JabRef e.V., which provides
the legal framework, the resources, and the network.

6 Collaboration

One of the most requested features is online col-
laborative work. Currently, JabRef offers collabo-
ration based on the BIBTEX file, because JabRef
can detect if the file changed on disk. Thus, there

21 github.com/JabRef/jabref/issues/8128
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are currently two ways to collaborate directly:2?
1) using version control systems such as git; 2) us-
ing file-synchronization services such as Dropbox or
OneDrive. Both approaches require advanced users:
regarding version control systems, not all I’TEX users
use them [15]; and regarding file-synchronization ser-
vices, each external update leads to a notification,
which needs to be handled.

JabRef also offers collaboration using an SQL
connection to a PostgreSQL database.?? The changes
are synchronized instantly to the server and then
distributed to the other connected JabRef instances.
It is possible to automatically write the current state
to a local file, which can then be consumed by BIBTEX
tools. Additionally, JabRef offers connecting to a
MySQL database. However, live synchronization is
not supported there and the user has to push and
pull changes manually.

Generally, there are several online services for
collaboration with BIBTEX: CiteDrive?* provides
a dedicated online service for BIBTEX users, Over-
leaf [5] is the leading BTEX online collaboration tool,
and JabRef developers are also working on a web-
based online collaboration platform.?® In parallel,
there are efforts to integrate JabRef with CiteDrive.
Once accomplished, users will be able to utilize Cite-
Drive for BIBTEX collaboration and take advantage
of its Overleaf integration,? while also using JabRef
for more advanced BIBTEX management.

7 Contribution possibilities

JabRef offers multiple points of access for possible
contributions. Besides direct code contributions, Jab-
Ref calls for improvements of the user documentation,
which is currently maintained using Markdown in a
repository on GitHub.2” Lastly, there is a call for
contributions page?® describing even more possibili-
ties to contribute.
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