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Abstract

When deciding on an appropriate software and/or methodology for deduplication of re-
trieved literature citations in systematic evidence synthesis, several factors ought to be
considered, including the cost of a deduplication software, familiarity with its use, and
the time necessary to conduct deduplication using a particular method. To guide research-
ers with and without knowledge of systematic evidence synthesis methods in making
informed decisions, we sought to compare different commonly used deduplication soft-
ware/methodologies—Covidence, Rayyan, the Automated Systematic Search Deduplica-
tor, the Systematic Review Accelerator (SRA) Deduplicator, Deduklick, and the Bramer
method in Endnote—from the perspectives of an experienced information specialist and
a biomedical researcher. We summarized the cost, time, and effort required from each
deduplication software/method and reported our findings descriptively. The findings sug-
gest a properly balanced consideration between cost-effectiveness, ease of application of
a method, context and researcher’s needs when deciding on deduplication method for
systematic evidence synthesis.
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1 Introduction

Systematic evidence review/synthesis refers to systematically identifying, selecting,
appraising, and synthesizing results on a specific topic from multiple studies. This includes
methods such as the scoping/mapping review, rapid review, and systematic review with or
without meta-analysis. Irrespective of the method of systematic evidence synthesis, it is a
time- and resource-intensive process, involving development of a sensitive search strat-
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egy for an electronic bibliographic database adapted to different bibliographic data sources
with overlapping coverage, and often resulting in a wide retrieval of literature citations,
typically in the thousands depending on the topic of review. This usually includes a signifi-
cant number of duplicate literature citation records: Bramer (2015) identified a median of
43% duplicates in systematically retrieved citations. Detection of duplicate records among
retrieved literature citations is often difficult due to varying metadata between data sources,
such as differences in journal or author name presentation, or absence of metadata such as
digital object identifiers (DOIs) for particular types of publications. The inconsistencies in
metadata negatively impact the efficiency of deduplication functions in traditional refer-
ence management software. Nevertheless, removing obvious duplicates prior to the com-
mencement of title/abstract screening reduces reviewer workload substantially, by limiting
duplication of effort. Thus, deduplication (detection and removal of duplicate records) is a
standard component of evidence synthesis methodologies.

In a survey of health technology assessments and guideline developments, Scott and
colleagues concluded that automation tools are highly necessary and of immense impor-
tance in systematic evidence synthesis, with deduplication tools found to be the fourth
most requested specific automation tools (Scott et al. 2021). Cleo and colleagues (2019)
conducted a usability and acceptability review of four systematic review automation tools,
including Covidence and Rayyan. While participants generally found these software easy
to learn, they had concerns about response time and software “glitches” (Cleo et al. 2019).

Previous comparisons of specific duplication softwares and methods (e.g. McKeown and
Mir 2021; Guimaraes et al., 2022) have focused on accuracy, but there is a lack of literature
on other factors that impact method selection, in particular ease of use. For more insights
to guide researchers with and without knowledge of systematic evidence synthesis meth-
ods, we sought to compare the cost, both in terms of the required time and subscription/
purchase fees, as well as the usability of six different approaches to deduplication, from the
perspective of an information specialist with extensive experience in deduplication as well
as a biomedical researcher with expertise in systematic reviewing but limited deduplication
experience.

There are several available methods for identifying duplicates among retrieved literature
citations following a systematic literature search, ranging from a manual inspection (par-
ticularly for more limited searches) to purpose-built tools (Adam et al. 2022); we sought
to evaluate a range of commonly used approaches. The Bramer method in Endnote is used
by many information professionals; it employs an iterative technique based on changing
the parameters used in Endnote to assess potential duplicates. Commonly used screening
softwares Covidence and Rayyan incorporate duplication detection. There are also multiple
specific app solutions; for this study we evaluated the Automated Systematic Search Dedu-
plicator, the Systematic Review Accelerator (SRA) Deduplicator, and Deduklick.

2 Methods

A total of 25,729 citations were retrieved using a strategy adapted from a published sys-
tematic review on interventions targeted to care providers to improve seasonal influenza
vaccination rates (Okoli et al. 2021). The searches were performed on 31 May 2023. Four
databases across three different platforms were searched: Medline on Ovid, Embase on
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Ovid, CINAHL with Full Text on EBSCOhost, and Scopus (Elsevier). Animal studies and
commentary were excluded. A date limit of 2000 to present was used, but no language limit
was included. Results were exported as RIS files. A search log for Medline is available as
Appendix A.

Records were considered duplicates only if they represented the same bibliographic
record. Multiple reports on the same study (for example, a conference abstract versus a
journal article) were not considered to be duplicates. Repeated information of this type is
typically addressed at a later stage of an evidence synthesis project. The time necessary
for importing citations, deduplicating, and exporting deduplicated results were recorded
for each method. Additionally, for the Bramer method, the time to download custom filters
and optimize setup was also recorded; this time would be necessary for the initial review
only and would not need to be repeated for subsequent projects. Time spent purchasing or
downloading software was not included in time recordings. Default settings were used for
software other than Endnote, except for SRA Deduplicator for which the “relaxed” dedu-
plicator algorithm was selected. For the paid software, existing personal/institutional sub-
scriptions were used for Endnote and Covidence, and free trials were used for Deduklick
and Rayyan. Comparisons of the above deduplication processes were made between an
experienced information specialist and a biomedical researcher, and the findings reported
descriptively. In addition to recording the time required and the number of results following
deduplication, the researchers recorded narrative observations of the deduplication process
with each method.

3 Results

Table 1 is a description of the software compared in this study and the associated costs.
The final record counts for each researcher according to method following deduplication
are presented as Table 2. Table 3 is the time (in minutes) for each stage of the deduplication
process according to researcher and method. There were variations, both between the meth-
ods and researchers, even from the most automated methods. Costs also vary depending on
researcher needs, although some researchers may benefit from institutional subscriptions.

BR=biomedical researcher; IS=information specialist; N/A=not applicable; With
import=deduplication and import happen at the same time and are therefore not exclusive;
Not done=reviewer was unable to complete the process.

For both researchers the Bramer method was by far the most time intensive. As acknowl-
edged by the creator, the Bramer method is complex and involves a significant learning
curve (Bramer et al. 2016). While the method is well-explained, it is potentially cumber-
some and time-intensive to put into practice. It also relies on use of Endnote, requiring that
researchers purchase a license. While the custom import and export filters address some
metadata inconsistencies between databases, there are others that remain unaddressed. For
example, non-English records imported from Medline as RIS files often display the original
non-English title in the Journal field, which complicates correct identification of duplicates
using this field.

ASySD is accessible online and does not require downloading of software or a subscrip-
tion purchase for use. However, the online version does not adapt well to large datasets (the
documentation notes an upper limit of 50,000 citations). The dataset also disappears if the
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Table 1 Description of the software options used for this study

Costs

Description

Software Provider
EndNote Clarivate
21 (Bramer
method)
Automated Sys- CAMA-
tematic Search RADES
Deduplicator (University of
(ASySD) Edinburgh)
Systematic Institute for
Review Accel-  Evidence-
erator (SRA) Based Health-
Deduplicator care (Bond
University)
Deduklick Risklick
Covidence Covidence
Rayyan Rayyan
Systems

$275 USD (full
license)

$150 (student
license)

Free

Free

$54/year USD
(single use)

$289/year USD
(single use)

$8.25/month USD
(professional)
$4/month USD
(student)

*Free version
exists but lacks
auto-resolver
features

The Bramer method (Bramer et al. 2016) uses the
Endnote software. Adopts an iterative approach of
changing the fields in a record which are used by
the software to identify duplicates. Incorporates
custom import and export filters to address some
known inconsistencies in metadata formatting.

Combines several packages in the R software to
identify duplicate citations (ASySD, n.d.).

Deduplication module uses fuzzy matching to
merge references deemed identical (SR-Acceler-
ator, n.d.).

Uses a “multistep algorithm of data normaliza-
tion” to identify duplicates based on similarity
scores (Borissov et al. 2022; Deduklick, n.d.).
Includes support for deduplication, screening, and
data extraction (Covidence, n.d.). Primary screen-
ing tool used for authorship of Cochrane reviews.
Initially launched as a free tool but now largely
subscription-based; its Auto-Resolver tool ap-

pears to only be available to subscribers (Rayyan
2021).

Table 2 Retained record counts for each researcher and according to software type following deduplication

Method Biomedical researcher results Information specialist results
Bramer method 12,337 12,623
ASySD 12,641 12,712
SRA Deduplicator 12,503 12,929
Deduklick 12,843 12,858
Covidence 13,077 13,103
Rayyan 13,300 13,230

Table 3 Time (in minutes) for each stage of the deduplication process, by researcher and software type

Methods Customiza- Reference Deduplication Export Total

tion import

BR IS BR IS BR 1S BR IS BR IS
Bramer 5 2 45 18 80 70 7 1 137 91
ASySD N/A NA 9 4 56 25 1 69 30
SRA Deduplicator N/A N/A 4 2 55 40 2 1 61 43
Deduklick N/A NA 5 5 With import With import 10 1 15 6
Covidence N/A N/A 81 5 With import With import 3 1 84 46
Rayyan N/A NA 10 5 55 45 Notdone 2 65+ 52
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webpage is reloaded, which can present another technical problem. Further, the preferred
upload format is Endnote XML, which requires either that this is selected as the download
format (where available) from the data source, or that the files are preprocessed through a
reference management software.

Like ASySD, SRA Deduplicator is available online without download or purchase. One
researcher (the biomedical researcher) reported that the use of the tool was not clearly
explained in its documentation. The other researcher (the information specialist) appreci-
ated the grouping of references according to likelihood of duplicates, as well as the avail-
ability of a split group functionality to simplify addressing misidentification of potential
duplicates; however, it did not appear to be possible to address true duplicates that were
sorted to the non-duplicates grouping.

For both researchers, Deduklick was the fastest option for the deduplication itself. How-
ever, both researchers encountered significant technical difficulties in accessing the dedupli-
cation functionality, necessitating intervention (resolution) by the software’s support team.
The actual deduplication process was relatively user-friendly. One researcher (the biomedi-
cal researcher) particularly appreciated that it provided numbers for pre- and post-dedupli-
cation according to record source. However, it was not possible to manually intervene in the
case of an incorrectly assessed duplicate or non-duplicate.

Covidence’s import and deduplication processes happen simultaneously — records are
automatically deduplicated at point of upload. However, limits on file size necessitated
uploading in batches, which increased time investment. Using Covidence for deduplication
simplifies later processing when the same software is used for record screening.

Rayyan offers different levels of deduplication depending on subscription or software
version. The free version is extremely manual; it proved infeasible to rely solely on that
method given the size of the sample dataset, so the researchers relied instead on a paid
version. The auto-resolver feature offered to subscribers significantly reduced the time nec-
essary for manual processing — for one researcher (the information specialist) it cut the
unresolved potential duplicates count from over 19,000 to only 6320. The beta version had
the potential to decrease this yet further since it allowed for auto-resolution of potential
duplicates at a lower level of certainty (the non-beta version allowed only as low as 95%).
The beta version also had a much more user-friendly interface for duplicate resolution.
However, even at a high level of certainty, the auto-resolver identified non-duplicates as
duplicates where the only difference between titles was a number; for example, several Mor-
bidity and Mortality Weekly Report entries were incorrectly flagged as duplicates because
they reported on succeeding years. Additionally, one researcher (the biomedical researcher)
was unable to successfully export a deduplicated file.

4 Discussion

In considering what software or methodology to use for deduplication in systematic evi-
dence synthesis, there are a several factors to consider, including the cost of a software,
familiarity with the use, the time necessary to conduct deduplication using a particular
method, and the effectiveness of a method in correctly identifying duplicate results. Time
needed for deduplication must be balanced against effectiveness, as more effective dedupli-
cation may take longer initially but reduce time spent in later stages of the analysis process.
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Other considerations which may impact decision-making are existing institutional subscrip-
tions as well as plans for further analysis; for example, if a research team intends to use a
software for reference screening, it may be simpler to use the same software for deduplica-
tion. Selection of an appropriate deduplication method should be cost-effective because
it allows a research team to limit the time and resources necessary to complete this task.
Finally, user-friendliness and tool stability are important considerations in initial selection,
as an investment of time is needed to become proficient with a tool and troubleshoot techni-
cal issues that it may present, and that investment may be lost if a tool proves unstable or
otherwise unsuitable.

Several studies have compared systematic review tools against generic reference man-
agement software. Clark and colleagues (2020) explored citation deduplication using Sys-
tematic Review Accelerator (SRA) Deduplicator and were able to remove duplicate records
in 16 min, a significant reduction over our findings. A similar study also by Clark and col-
leagues (2021) found that manual deduplication took over two hours while deduplication
with SRA Deduplicator took only 36 min, with both times including the time needed to learn
the task; in this context their findings were more comparable to ours. They noted a slightly
higher error rate using this tool rather than manual deduplication. McKeown and Mir (2021)
found Covidence and Rayyan to significantly improve on deduplication performance of the
default settings of several reference management softwares, with an accuracy of 96% and
97% respectively compared to manual deduplication. Forbes and colleagues (2022) com-
pared SRA Deduplicator to the Bramer method of deduplication utilising citations retrieved
for Cochrane reviews. They found that while both methods had similar accuracy, use of
SRA Deduplicator was 330% faster than the Bramer method, with a median deduplication
time of 6.5 min compared to 25 min with the Bramer method; our results showed a similar
time preference, although at a reduced ratio (Forbes et al. 2022). Borissov and colleagues
(2022) found that Deduklick demonstrated improved recall and took an average time of
less than a minute compared with 70 min for manual deduplication. Finally, Guimaraes et
al. (2022) found that Systematic Review Accelerator and Rayyan had high sensitivity com-
pared to the default settings of Zotero and Endnote.

5 Limitations

This study adapted the methods of a previous systematic review to generate the citation
dataset, and as such, while our study represents a real-world application of the deduplication
methodologies of interest, it is also limited in terms of topic area and databases used. It is
possible that a search on a different topic or using different data sources may have exhibited
differences in the proportion of duplicates and the time necessary to identify them using
the evaluated methodologies. Due to the size of the result set we did not pursue accuracy
assessment of the deduplication processes; this consideration has been well described in
existing literature. The differences in deduplication times between the researchers could
be due to differing levels of experience and approach to the task of deduplication, but also
due to other technical factors such as differences in Internet speed or computing power. The
order in which deduplication methods were tested may also have impacted results due to
practice bias.
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The software evaluated in this study continue to evolve over time. For example, Covi-
dence implemented changes to its deduplication process specifically in response to McKe-
own and Mir’s 2021 study (McLoughlin 2022). This study did not consider potential future
methodological updates, such as the proposed adaptation of the Bramer method by Main
(2023). Noteworthy is that this study identified a nearly 50% reduction in the time required
for use of that method, which is a promising outcome given our findings.
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