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Abstract

Deduplication methods for multiple database searches conducted for evidence syntheses differ in terms of time
invested, accuracy, and comprebensiveness of identified duplicates. Deduplication tools can significantly
contribute to a more efficient conduct of the search task in evidence syntheses. Widely used tools for deduplication
include reference management software (e.g. EndNote), built-in deduplication features in systematic review
software (e.g. Covidence, Rayyan), and automated deduplication tools (e.g. Deduklick, SRA Deduplicator).
Newer tools leverage machine learning algorithms crafted by information specialists, that encompass natural
language normalization and rule-based approaches. We investigated five frequently used automated and semi-
automated deduplication tools regarding their performance, core features and time efficiency in comparison to

manual deduplication in EndNote using six datasets.
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software.

Introduction

The removal of duplicate references from extensive sys-
tematic searches in different literature databases is a
time-consuming and laborious process for authors or
librarians supporting evidence syntheses (1). Different
deduplication approaches are practiced by author
teams, e.g. manual, semi-automated or automated
using specialized software. These approaches vary in
time-to-be-invested, completeness and accuracy of
identified duplicates. Commonly used tools for a multi-
step detection of duplicates are reference management
programmes (e.g., EndNote (2)) and built-in dedupli-
cation features of systematic review software (e.g. Cov-
idence (3), Rayyan (3, 4). However, deduplication
processes are not made transparent in all tools and are
sometimes error-prone. Newer deduplication tools
such as Deduklick (5) and the SRA Deduplicator (6)
use machine learning algorithms including natural lan-
guage normalisation and sets-of-rules created by infor-
mation specialists. Automated deduplication tools
differ in the extent of the automated processes they
support and in the additional manual processes re-

quired for an accurate and comprehensive detection of
duplicates. While Deduklick and Covidence can be
classified as "automated tools" in the sense that no ad-
ditional manual control is necessary for the deduplica-
tion process (except file preparation, e.g. creating
RIS-files preceding the upload process) — in tools like
SRA Deduplicator and Legacy Rayyan an additional
manual control of system-detected duplicates is essen-
tial, therefore considered semi-automated tools. We
aimed to compare and evaluate the core features, per-
formance, transparency and time efficiency of five fre-
quently used manual, semi-automated and automated
deduplication tools: EndNote, Covidence, Legacy
Rayyan, Deduklick and SRA Deduplicator.

Methods

We used six different datasets by compiling database
search results from six Systematic Reviews (Table 1) cov-
ering various health topics and varying in size between
300 to 1000 records. The records had previously been re-
trieved from bibliographic databases (MEDLINE via
PubMed or Ovid, CENTRAL, CINAHL, LILACS,
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Systematic Review Topics Databases searched References
retrieved
Fitness to drive in dementia MEDLINE, CINAHL, CENTRAL, 414
PsycInfo
Interventions for people with type 2 diabetes MEDLINE, CENTRAL, PsycINFO, 375
mellitus fasting during Ramadan CINAHL, ClinicalTrials.gov, WHO ICTRP
Database
JAK inhibitors for the treatment of COVID- ~ CCSR, Web of Science, WHO COVID-19, 344
19 patients US Dep. VA
Glucagon-like peptide (GLP)-1 analoguesasadd- ~ MEDLINE, CENTRAL, ClinicalTrials.gov, 833
on to insulin for adults with type 1 diabetes mellitus ~ WHO ICTRP Database
Vegan diet for overweight or obese adults MEDLINE, CENTRAL, LILACS, Web of 1002
Science, ClinicalTrials.gov, WHO ICTRP
Database
Vitamin D supplementation for obese adults ~MEDLINE, CENTRAL, LILACS, Clinical- 966
undergoing bariatric surgery Trials.gov, WHO ICTRP

Table 1. Systematic Review topics.

PsycInfo, Web of Science, Cochrane Covid-19 Study
Register and also from trials registers (ClinicalTrials.gov,
WHO ICTRP Database). We tested each dataset on De-
duklick, SRA Deduplicator ("focused" and "relaxed" al-
gorithm), Covidence and Legacy Rayyan to compare the
deduplication performance against the manual proce-
dure in EndNote. The manual deduplication used as ref-
erence standard was conducted by an information
specialist using a 12-step algorithm (7). It was defined as
obtaining the same results twice after undertaking two
independent deduplication procedures. The core features
investigated for each tool included data processing (up-
load process, data formats accepted, the delivery of
deduplication reports informing on all bibliographic de-
tails from the datasets removed resp. retained, as well as
the database origins displayed in a flow diagram, and on
separate export files containing duplicates as well as the
deduplicated results), transparency of the deduplication
process (e.g. transparency about the database fields
being compared as well as the display of all available
metadata for identified duplicates) and additional op-
tions like the possibility to define keeping bibliographic
records from preferred databases. The time-investment
required for the deduplication process was measured in
minutes and comprised the time for the file upload, the

system-detected deduplication and the additional man-
ual deduplication required.

Results

Comparison of the deduplication performance
Table 2 presents the average scores of system-detected
duplicates from six datasets for all tools: automated (De-
duklick, Covidence) and semi-automated tools (SRA
Deduplicator, Legacy Rayyan) in comparison to manual
deduplication. For definitions of precision and recall of
a tool’s deduplication performance see Figure 1.

While on average precision for identifying duplicates
was very high in all tools except for Rayyan, the recall
(sensitivity) varied substantially. Deduklick and Legacy
Rayyan were the most sensitive tools according to our

Deduplication tool Precision ¢ Recall o
Covidence 100% 76.8%
Deduklick 100% 96.2%
SRA Deduplicator (focused) 99.8% 86.9%
SRA Deduplicator (relaxed) 100% 73.9%
Rayyan 95.5% 99.1%

Table 2. Average scores for deduplication performance.
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Terminology, Definitions

Correctly identified :

A g

True Positive

True Positive

A precise tool will have few results incorrectly
classified as duplicates (false duplicates).

A tool with high recall will have missed fewer
duplicates.

Recall

True Positive

IPrecision

Fig. 1. Precision and recall for the performance of dedu-
plication tools.

tests. However, Legacy Rayyan also detected false pos-
itive references (therefore precision was lower). The
lowest recall (i.e. highest rate of missed duplicates) was
measured for SRA Deduplicator (“relaxed”), followed
by Covidence. As the SRA Deduplicator is considered
a semi-automated tool, additional manual control is
generally recommended to ensure better recall. In Cov-
idence, low recall might in part be explained by the lim-
ited numbers of database fields being compared for
duplicate detection — in contrast to Deduklick in which
ten database fields are used. For further details on the
comparison of the tools’ core features see Table 3.
Looking at the deduplication performance in single
datasets, low recall was observed more frequently in
datasets with larger proportions of records from trials
registers (probably because of metadata quality) in
comparison to data originating from bibliographic
databases.

Comparison of core features

Data processing, transparency of the deduplication pro-
cess and additional features offered by the tools are pre-
sented in Table 3. Concerning the data formats
accepted for import, EndNote and Legacy Rayyan
seem to be the most flexible tools followed by SRA

Features Covidence Deduklick SRA Deduplicator Legacy Rayyan EndNote
Deduplication method |Automated Automated Semi-Automated Semi-Automated Manual
Additional manual Additional manual
Manual checks check possible _ check recommended Manual check necessary _
RIS, EndNote enw,
RIS, EndNote XML, RIS - preprocessed in RIS, EndNote XML, BibTeX, CSV, PubMed . .
Data formats accepted b1\ red nbib EndNote PubMed nbib XML, PubMed nbib, | All Pibliographic formats
CIW
Deduplicated +
duplicates files for X v v v v
download
Duplicates Report v v X X X
Database preference +
ranking (for import) * v = = V)
TI, AU, TA, DO, E;’lzf(e:ojlﬁzxf:d“)‘f 10 12-step algorithm with
Database fields checked |TI, AU, YEAR, VOL YEAR, ISSN, VOL, PG, . ’ TI, AU, TA, YEAR different field
Relaxed algorithm: 5 o
URL, AN combinations
fields (not named)

Table 3. Comparison of the core features of deduplication tools
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Deduplicator and Covidence. Deduklick currently only
accepts merged RIS-files that need to be preprocessed
in reference management software. The download of
deduplicated reference files and the files containing the
duplicates is possible in all tools except Covidence. The
latter displays a list of potential duplicate references
which can be manually checked, but only with limited
bibliographic information (e.g. database sources are
missing in the record). The duplicate lists can neither
be saved nor downloaded. Comprehensive biblio-
graphic database records for duplicates can be down-
loaded from Deduklick, SRA Deduplicator and
EndNote. Detailed deduplication reports are only avail-
able from Deduklick, in addition to flow diagrams dis-
playing the number of references per source before and
after deduplication. An additional advantage of this tool
is the possibility to customize the database ranking: De-
duklick retains unique records from databases providing
the most complete bibliographic data and removes du-
plicates from other databases / sources. The database
ranking has been determined by information specialists
of the University of Bern, but Deduklick offers cus-
tomizing this list upon request.

Comparison of time efficiency

Deduklick and Covidence are the fastest tools for dedu-
plication, including file upload and an automated de-
tection of duplicates within 2-5 minutes, depending on
the size of the uploaded files (Figure 2). All other tools
need more time because additional manual work is re-
quired. The SRA Deduplicator offers a "relaxed" algo-
rithm which is designed for people who want to spend
minimal time with checking the results manually, ac-
cording to the producers. The risk of mislabeling non-

Time needed for deduplication - minutes per
1000 references

EndNote / Manual |
Legacy Rayyan [l

SRA Deduplictor refaxed [
SRA Deduplicator focused [
Dedukiick [l
|

Covidence

0 20 0 60 10 100 120
B File Upload W System-detected Manual

Fig. 2. Average time efficiency of deduplication tools
accross 6 datasets.

duplicates is low, however, at the expense of missing a
small number of duplicates. Legacy Rayyan proved to
be the most time-consuming tool, requiring more than
one hour of additional manual work, depending on the
file size, due to its very sensitive similarity score. It is
noteworthy that using this tool required even more time
than carrying out manual deduplication with EndNote.
In summary, Table 4 provides an overview of the best-
performing deduplication tools according to the differ-
ent criteria investigated in this study.

Criteria Best performing tools

Precision Deduklick, SRA Deduplicator
(focused + relaxed), Covidence

Recall Legacy Rayyan, Deduklick, SRA

Deduplicator (focused)
Deduklick, Covidence
Deduklick, SRA Deduplicator
(focused + relaxed)

Time Efficiency
Core Features

Table 4. Summary of all categories investigated.

Discussion

In our tests, Deduklick, the SRA Deduplicator ("fo-
cused" and "relaxed" algorithm) and Covidence could
be identified as the most precise tools for duplicate de-
tection, whereas highest recall was achieved by Deduk-
lick and Legacy Rayyan — in comparison to manual
deduplication in EndNote (reference standard). An
earlier investigation conducted by McKeown and Mir
(8), found Covidence and Ovid to be the most accu-
rate tools (96% and 97%, respectively) for duplicate de-
tection, with Covidence and Ovid* possessing the
highest specifity (100%), while Legacy Rayyan demon-
strated the highest sensitivity (96%) (8).

The pros and cons of using reference management soft-
ware for deduplication were also investigated by McK-
eown and Mir (8). They evaluated EndNote X9,

*As a host and provider of bibliographic databases such as
MEDLINE, Embase, Psyclnfo etc., Ovid offers a built-in
deduplication function on its platform, which enables the
user to detect duplicates from searches across various
databases available via Ovid. The advantage of deduplication
in Ovid is that metadata from hosted databases are struc-
tured in a similar way, making it easier to identify duplicates,
the disadvantage being that deduplication is only possible for

Journal of EAHIL 2024; Vol. 20 (1): 12-17

databases available on Ovid.



Heidrun Janka and Maria-Inti Metzendorf

Mendeley and Zotero. In each tool, the system’s de-
fault settings for deduplication were used, but no ad-
ditional manual deduplication algorithms applied, e.g.
Bramer (2) or Wright (7), therefore the results are dif-
ferent and not comparable to ours. Differences in the
accuracy of deduplication in their investigation com-
pared to our study may also be explained by the differ-
ent composition of databases used in the datasets,
most importantly, the omission of data from trials reg-
isters, which were included in our datasets.

The SRA Deduplicator is one of several tools inte-
grated in the SR Accelerator tool which was designed
at Bond University, Australia. The tool aims to speed
up several of the processes of systematic review pro-
duction while maintaining a high degree of accuracy
(6). The SRA deduplicator is freely available as part of
the suit of tools and offers two different deduplication
algorithms ("focused" and "relaxed"). While additional
manual deduplication is generally recommended for
this semi-automated tool, the "relaxed" algorithm can
also be used with its default setting, at the risk of miss-
ing a few duplicates but without false positive records
labeled (6). In our investigation, the average recall was
74% when applying the "relaxed" algorithm, which re-
sults in an average of 26% of records of manual work.

Concerning time efficiency, the two automated tools,
Deduklick and Covidence, demonstrate the fastest per-
formance — followed by the SRA Deduplicator. Accord-
ing to Forbes et al. (6), the time needed for
deduplication of 10 different datasets taken from
Cochrane Reviews, with reference numbers ranging be-
tween 813 and 3912, the SRA Deduplicator was on the
average 330% faster compared to the manual dedupli-
cation method in EndNote. This contrasts with our
findings, as the average time savings measured by us
were around 75% with the SRA Deduplicator (only
using system-detected duplicates) compared to End-
Note. However, after conducting the additional man-
ual deduplication, the time savings resulted in only
15-20% when compared to manual deduplication in
EndNote.

Conclusions

We investigated five frequently used automated and
semi-automated deduplication tools regarding their
performance, core features and time efficiency in com-
parison to manual deduplication in EndNote as refer-

ence standard. Six datasets, derived from Systematic
Reviews and composed of heterogenous bibliographic
data from medical databases and trials registers, were
tested on all tools. We observed high precision (95-
100%) in detecting duplicates for all tools, but variable
recall (74-99%). Time efficiency varied substantially be-
tween two to five minutes (Deduklick, Covidence) and
more than one hour (Legacy Rayyan), depending on
the size of files deduplicated, the proportion of auto-
mated processes versus remaining manual work, and
on the metadata composition of the datasets investi-
gated. Core features that differ between the tools are
data formats accepted, the possibility of downloading
duplicates and deduplicated files as well as the avail-
ability of deduplication reports.

Note: Since our tests in spring 2023 and the writing
of this article in February 2024, a new version of
Rayyan has been released whose deduplication features
have improved. In our text we refer to the "Rayyan
Legacy" version.
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