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Abstract

Objective: This paper describes several automation tools and software that

can be considered during evidence synthesis projects and provides guidance for

their integration in the conduct of scoping reviews.

Study Design and Setting: The guidance presented in this work is adapted

from the results of a scoping review and consultations with the JBI Scoping

Review Methodology group.
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Results: This paper describes several reliable, validated automation tools and

software that can be used to enhance the conduct of scoping reviews. Develop-

ments in the automation of systematic reviews, and more recently scoping

reviews, are continuously evolving. We detail several helpful tools in order of

the key steps recommended by the JBI's methodological guidance for undertak-

ing scoping reviews including team establishment, protocol development,

searching, de-duplication, screening titles and abstracts, data extraction, data

charting, and report writing. While we include several reliable tools and soft-

ware that can be used for the automation of scoping reviews, there are some

limitations to the tools mentioned. For example, some are available in English

only and their lack of integration with other tools results in limited

interoperability.

Conclusion: This paper highlighted several useful automation tools and soft-

ware programs to use in undertaking each step of a scoping review. This guid-

ance has the potential to inform collaborative efforts aiming at the

development of evidence informed, integrated automation tools and software

packages for enhancing the conduct of high-quality scoping reviews.

KEYWORD S

automation tools, guidance, methodology, quality, scoping reviews

Highlights

What is already known?
• The International Collaboration for Automation of Systematic Reviews

(ICASR) has put forward a set of principles for researchers to use automa-
tion for systematic reviews highlighting that automation has the potential to
facilitate the production of systematic reviews that adhere to high standards
for the reporting, conduct, and updating of rigorous reviews.

• As scoping reviews have broader research questions and include a variety of
evidence sources such as primary studies, reviews, editorials, etc. specific
guidance is required for undertaking them using automation tools.

What is new?
• This paper describes several reliable and validated automation tools that can

be used to undertake scoping reviews.
• Automation of systematic and scoping reviews are continuously evolving,

and further work is still being undertaken in this area.
• This guidance constitutes an important step in supporting reviewers to

undertake scoping reviews by integrating both automation tools and avail-
able software with human capabilities.

Potential impact for Research Synthesis Methods readers
• This guidance describes various tools and software that can facilitate the

process of undertaking scoping reviews.
• The main limitations of these tools are their lack of availability in languages

other than English and lack of direct comparability and limited integration
with one another which makes the process of undertaking reviews
challenging.
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1 | INTRODUCTION

Scoping reviews are an increasingly common type of evi-
dence synthesis. To date, there are more than 465,000
results in Google Scholar with the term ‘scoping review’
in the title.1,2 Their use has increased as a result of sev-
eral factors, including the existence of robust methodo-
logical guidance, a standardised reporting checklist, and
their utility in scoping the breadth of literature available
in a field.3–5 They also served a unique role during the
COVID-19 pandemic for mapping the available evidence
and helping to inform researchers regarding what further
research needed to be conducted.6

Scoping reviews have broad research questions and
include a variety of evidence sources.7 As such, they can
potentially include a variety of study types in addition to
non-traditional forms of evidence (when appropriate),
such as websites, guidelines, handbooks, reports, evalua-
tions, editorials and commentaries, amongst other infor-
mation sources. Even with a clear review question and
robust search strategy, scoping reviews may be large,
including up to 2000 studies.8,9 A large number of
included studies presents several challenges for reviewers
regarding human resources, time constraints, and the
speed at which a review can be completed and dissemi-
nated. The ongoing challenge is to balance rigorous and
robust scoping review methods against the potential vol-
ume of evidence. The use of machine technologies to
reduce human effort and therefore reduce the overall
time taken in systematic reviews continues to grow.10

Scoping reviews are promising candidates for utilising
review automation approaches and software tools to
enable a faster and timely process.

We define automation as computerised systems that
require ‘intelligence’ to perform tasks. This could be
independent of human interaction (often termed deep
learning or unsupervised learning), or supervised learn-
ing, where the computer uses training data to calibrate
the tool. O'Connor et al. detail four levels of automation
for human computer interactions.11 These include Level
1 which includes tools to improve the file management
process such as citation databases, reference manage-
ment software and systematic review management soft-
ware. Level 2 includes tools to enable workflow
prioritisation such as prioritisation of relevant abstracts.
Level 3 includes tools used to perform a task automati-
cally but unreliably and require human supervision or
otherwise provide the option to override the tools deci-
sions manually. Finally, Level 4 includes tools that elimi-
nate the need for human participation altogether.12

The adoption of automation tools for systematic
reviews has been relatively slow. There are several rea-
sons for this, including: the fact that very few tools have
data on their validity and reliability available, licencing

issues or costs, the steep learning curve in using the tools,
lack of support for some freely available tools, and lack of
integration of some tools used into one streamlined
platform.13–15 A survey of researchers using automated
tools to conduct their systematic reviews found that the
most common tools used were Endnote, review manager,
Rayyan and EPPI-reviewer.12,16 Other less popular tools
included Abstrackr, Epistemonikos method of searching,
SWIFT-Review, RevMan HAL and RobotReviewer.17,18

The authors of the survey suggested that the lack of
uptake of some of the less commonly used tools was due
to lack of awareness of these tools rather than due to per-
ceptions of lower quality or utility.12

The International Collaboration for Automation of
Systematic Reviews (ICASR) has put forward a set
of principles for researchers to use automation in system-
atic reviews.12 The collaboration highlighted that auto-
mation has the potential to facilitate the production of
systematic reviews that adhere to high standards for the
reporting, conduct, and updating of rigorous reviews.
They also advocate for sharing all automation techniques
by making code, evaluation data, and corpora freely
available.19 More importantly, the collaboration encour-
age researchers to focus on approaches that could inte-
grate existing tools into one platform rather than having
a variety of tools for specific steps or for a particular disci-
pline.12 For example, having a platform connecting all of
the smaller tools into a more seamless package for the
conduct of reviews.

The idea of automating some steps of systematic
reviews was proposed more than a decade ago and is
evolving at a rapid pace.11 This paper discusses the cur-
rent state of automation and semi-automation in the field
of scoping reviews now that both scoping reviews and
automation are becoming more common. Specifically, it
outlines key automation approaches and existent soft-
ware and how they can be used for each step of the scop-
ing review process, discussing the relative strengths and
weaknesses of each different approach.

Several authors have published work associated with
automation of systematic reviews.12,13,20,21 However, to
date, there is no guidance for conducting scoping reviews
using automation tools or existing software to facilitate
the process of scoping reviews. Scoping reviews differ
from systematic reviews in many ways including their
research questions, methodology, data analysis and
reporting.3,22 Therefore, clear guidance on how to use
automation for each step of scoping reviews is warranted.

2 | AIM

This paper aims to provide guidance on the automation
tools that are used for scoping reviews using the
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definition by O0 Connor, et al. and based on the experi-
ence of the authorship team.12

3 | METHOD

The methodology underpinning the work presented in
this paper has been published by Khalil et al.13 Since
then, the work has been updated to include research pub-
lished until June 2023 and this paper includes the
updated results. Briefly, a scoping review methodology
was used to map all automation tools used for systematic
reviews. The review included any automation tools that
were used in the process of automation of any steps of
the systematic review. The concept of interest was the
automation process, and the context was systematic
reviews.7 This was followed by input from the JBI scop-
ing review methodology group. Scoping reviews are pro-
tocol driven types of evidence synthesis, as opposed to
literature reviews. We chose a scoping review methodol-
ogy in order to map the tools that are currently used in
the literature. We only included peer review literature as
opposed to articles that have not been peer reviewed to
ensure only high-quality research has been included.
Quality appraisal of included studies is not recommended
for scoping reviews as per the JBI 2020 guidance on scop-
ing reviews.

JBI is a global research organisation that focusses on
the development of methodological guidance.23 The group
includes methodologists, researchers and clinicians who
are all evidence synthesis experts.4 The guidance provided
in this article is presented in the order of the key steps that
are normally undertaken when conducting and reporting a
scoping review in line with the JBI's methodological guid-
ance.7,24 For each step, only validated and tested tools asso-
ciated with high specificity, reliability, validity, area under
the curve or F score and recall were included as detailed by
Khalil et al.25 The results addressing the aforementioned
measures are extracted from recent published work addres-
sing automation tools for systematic reviews.13 Khalil et al.
presented automation tools based on a scoping review of
all the automation tools published from 47 citations. The
same search was updated on June 13, 2023 using previ-
ously used databases (Medline, Embase, Global Heath and
JBI database) and search terms (automation, method
improvement, method acceleration, natural language pro-
cessing, technology assessment, systematic review accelera-
tion, knowledge synthesis and evidence synthesis).

The tools included in this review were based on
whether they were tested for validity and/ or reliability
using different measures. The authors included any tools
if they were either freely available or subscription based.
In addition, only tools that were readily available and

published with clear guidelines regarding their use were
included. Tools from websites such as Systematic reviews
toolbox (available at http://www.systematicreviewtools.
com/) were excluded unless they were included in peer-
reviewed publications. The scoping review protocol for
this review was registered in Open Science Framework
on the April 08, 2021 (retrieved from osf.io/9gzd7).

4 | GUIDANCE

There was a total of 60 studies retrieved addressing auto-
mation tools describing 70 tools after searching for new
updated on the June 13, 2024. Most of these tools were
used for more than one step of the scoping review.13 In
this section, we will sequentially present the various steps
of a scoping review and will consider the automation
tools that can be used for each step (see Table 1). The
section below addresses each step of the scoping review
process and present all the relevant tools that could be
used to perform each stage.

4.1 | Step 1: Team establishment

This is the first step of undertaking any review and it is
important to choose well-established software that can
sustain collaboration and data input from several users
despite geographical location. The chosen software
should be available to the entire review team so that each
member has access via their institution or ability to
acquire an individual licence. JBI SUMARI, Covidence26

and Revman, Distiller SR27 are all suitable and user
friendly tools that support reviews from the team estab-
lishment stage.26,28 JBI SUMARI was developed by JBI
(https://www.jbisumari.org/) and supports the entire sys-
tematic review process for scoping reviews as well as sev-
eral different types of systematic reviews. The software
was developed through an agile software development
approach, wide consultation, and user testing.29,30

Covidence is another collaborative platform and was
developed by an Australian company. In 2015, Cochrane
initiated a collaboration with Covidence that made it the
standard production platform for Cochrane reviews.26

Covidence operates by subscription and many universi-
ties make it available to their staff and students. Covi-
dence can be used by reviewers for both systematic and
scoping reviews.26

Another important consideration in the formation of
the team is ensuring there are enough members to com-
plete the various tasks in a scoping review within a rea-
sonable timeframe. The use of crowdsourcing to establish
larger review collaborations has been rising consistently

842 KHALIL ET AL.
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in the areas of systematic reviews and could be beneficial
for scoping reviews.31,32 It has been used to reduce the
workload for undertaking systematic reviews by enabling
non-experts to complete tasks. This strategy was shown
not only to be efficient but also has benefits in cost reduc-
tion. Mortensen et al. showed that crowdsourcing was
able to reduce the cost of using experts by 88%.31 Crowd-
sourcing for systematic review tasks such as review cita-
tions and screening has been validated by Nama et al.
The authors found that there was a high degree of accu-
racy for these tasks using crowdsourcing.32,33

For researchers, managing multiple scoping reviews
or vast numbers of included sources of evidence is chal-
lenging. Using team management tools like Trello Project
Management Software is useful for organising review
steps and roles for each reviewer.34 This tool is useful for

evidence synthesis in general and other types of reviews.
For example, the users can visually organise projects into
boards, divide projects into groups, and subdivide groups
into tasks. It also allows integration with cloud files to be
shared with the review team.34 This automation feature
follows the agile methodology of projects based on the
organisation in three primary columns: the column of
tasks to be performed in the future, tasks that are being
performed in the present, and tasks that have already
been completed.34

4.2 | Step 2: Protocol development

The protocol development stage has been described in
detail by Peters et al. and includes a proposed reporting

TABLE 1 Tasks of a scoping review and how automation tools could support their efficiency.

Scoping
review task Method used

Suggested automation tools to
increase efficiency or gain

Level of
automation

Availability of the tool
(open access/proprietary)

Team
establishment

Personnel needed
for the completion
of the review

Crowd sourcing or using task sharing
platforms i.e., JBI SUMARI and Covidence.
Management teams—Trello

Level 1 Proprietary

Protocol
development

Templated reports
of some report
items

JBI SUMARI and Revman Level 1 Proprietary

Searches Running searches
on databases

Automatic alerts from databases. Database
(i.e., Cochrane, JBI and Campbell, Health
Database Advanced Search (HDAS))
Automatic retrieval of full-text papers (e.g.,
CrossRef), Polyglot Search Translator
Litsuggest, eSuRFr

Level 4 CrossRef and Litsuggest (Open
access)
The rest of the tools are
proprietary.

Deduplication Deleting duplicates Endnote, Systematic Review Accelerator
(SRA De-duplicate), Abstrackr, Rayyan, EPPI-
Reviewer, Deduklick, Covidence and
DistillerSR.

Level 3 Abstrackr (Open access)
Rayyan (Open Access to early
career researchers)
The remainder of tools are
proprietary.

Screening Selecting studies for
inclusion

Crowdsourced inclusion decision and
machine learning classifier (Abstrackr,
Rayyan, BIBOT, EPPI-Reviewer, ASReview
and DistillerSR). Covidence is also used for
this step.

Level 2 Abstrackr (Open access)
Rayyan (Open Access to early
career researchers)
The remainder of tools are
proprietary.

Data
extraction

Extracting
information on
participants,
Concept and
context

Machine learning-information extraction
systems such as DistillerSR and ExaCT),
Tabulizer, UDPipe, Webplotdigitizer. For
non-machine learning but wanting a faster
extraction process- Covidence

Level 4 UDPipe (open access) and the
remainder of the tools are
proprietary.

Data charting Presentation of data GoogleCharts, Tableau Public, Google Data
studio, Drawio, Eppi- reviewer, NVivo.

Level 1 Googlecharts, Google data studio
and Drawio (open access). The
remainder of the tools are
proprietary.

Report
writing

Templated reports
of some report
items

JBI SUMARI, Revman and Robotreviewer Level 1 Proprietary

KHALIL ET AL. 843
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checklist.35 The guidance provides clear and transparent
steps to follow to formulate the research question, for
searching, data extraction and charting. JBI SUMARI
may be used for this step as it includes pre-populated text
that can support with formulation of the title, research
question, database searching, screening, and data
extraction.28

4.3 | Step 3: Searching

Searching the literature for sources to include in a scop-
ing review should be comprehensive as the aim is to
include all the available literature to comprehensively
map the evidence. The JBI scoping review methodology
recommends three stages of searching. Firstly, a general
search of a database such as MEDLINE should identify
relevant key terms for the research question. This is then
followed by a second search using all the key words
retrieved from the first search across all the relevant data-
bases and grey literature sources identified for the scop-
ing reviews. Finally, a search of the reference lists of all
the included studies is also undertaken.36 From previ-
ously published work of automation of scoping reviews,
we have identified a range of validated tools that can be
used to search the literature, these include Litsuggest
(https://www.ncbi.nlm.nih.gov/research/litsuggest/).37

This is a web-based server that provides literature recom-
mendation and curation services to help researchers stay
up to date with the literature. Litsuggest was shown to
have a relatively high precision, recall, and AUC.37 How-
ever, it can only retrieve publications from Pubmed and
is not suitable for non-peer reviewed publications. As it
relies on abstracts and not full texts, only articles with
abstracts will be retrieved. Another useful tool that has
been used by our team is Citation chaser.38 The tool is
very useful in obtaining lists of references from across
studies.38 It is able to undertake both forward citation
which includes looking for all records citing one or more
articles of known relevance and backward citation chas-
ing looking for all records referenced in one or more arti-
cles.6,38 The two-week systematic review is a concept
supported by the Institute for Evidence Based Healthcare
at Bond University.39 They have developed a suite of tools
that support the automation and rapid completion of sys-
tematic reviews, however, these tools can also be applied
to scoping reviews. In relation to searching, both the
Word Frequency Analyser and Polygot search translator
are useful tools in the development and translation of
search strings across multiple databases.40 The Polyglot
Search Translator (PST) performs the automatic transla-
tion of a search performed in a database to other data-
bases, aligning descriptors, keywords and syntax.40

eSuRFr-snowball citation is another tool that can also
be used for snowballing citations.13 The tool was shown
to be useful and accurate in obtaining the full texts and
abstracts for a large number of scholarly citations in
review articles. Using this method of snowballing, the
time for searching relevant articles can be reduced.41,42

Searches can also be supported by automatic alerts
from several databases (i.e., Cochrane, JBI and Campbell,
Health Database Advanced Search—HDAS).38 These
alerts can be set in advance to enable updates of scoping
reviews.10

Google Translate has been used to identify articles in
several languages,43 while it can also be helpful in study
selection or data extraction. However, the accuracy of
translation varied depending on the language translated.
Google Translate was found to have the highest accuracy
for Spanish (93%), followed by German and Japanese
(89%) and French (85%).43 DeepL is also another translat-
ing software that can detect languages, and reviewers can
upload full pdfs to be easily translated and then accessed
if they meet the inclusion and exclusion criteria (avail-
able at https://www.deepl.com/translator).44

Other tools that can be used to manage references
from webpages and other sources include Zotero and
Mendeley. Zotero is similar to Endnote in that it extracts
references from bibliographic databases. It is a free and
open source that can be downloaded from the intranet.
Its advantage includes its ease to save snapshots of web
pages and annotate them within any citation library.
However, it does not have as many citation styles as End-
note.45 Another citation reference is Mendeley, it can
automatically generate bibliographies and enable easier
collaboration between researchers online. It is also a
freely accessible tool online.46 While these tools were not
validated but they were peer reviewed.46

Although automation tools are extremely useful
within the development of the search strategy, it should
be used in conjunction with expertise from an informa-
tion specialist (Librarian) and if possible, peer-reviewed
according to the Peer review of Electronic Search Strate-
gies (PRESS) 2015 guideline statement.47 All searches
should also be reported using best-practice methods
which align with the Preferred Reporting Items for Sys-
tematic Reviews (PRISMA) for reporting Literature
searches in systematic reviews.48

4.4 | Step 4: De-duplication

Removing duplicates before screening titles and abstracts
makes the initial screening easier and less laborious, and
it also enables the tools used for screening titles
and abstracts to work at their optimum.49 Neither

844 KHALIL ET AL.
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Abstrackr nor Rayyan can identify duplicates as it con-
fuses their algorithms.13 Several tools can be used to
remove duplicates successfully, these include Endnote,
Mendeley, Zotero, Systematic Review Accelerator (SRA
De-duplicator), EPPI-Reviewer, and Distil-
lerSR.10,21,30,46,50 Covidence software also identifies dupli-
cates and removes them on initial import of searches to
the system. Whilst tools can support de-duplication, it
must be recognised that they are not 100% effective and
duplicates will still require to be removed manually by
reviewers during the screening process. Covidence also
easily manages duplicates if identified during screening,
subsequently, the PRISMA chart will have a more accu-
rate representation of the included evidence sources.
Lastly, expert information specialists recently created
Deduklick, an automated, effective, and quick artificial
intelligence-based algorithm.51,52

4.5 | Step 5: Screening titles abstracts
and full-texts

Study selection usually follows a pre-specified protocol
where the population, concept, and context of the scop-
ing review is well defined in advance. This step requires
at least two reviewers to go through titles and abstracts of
all the articles. Any disagreements should be settled by
either consensus or with a third reviewer. Pilot testing of
this step is usually recommended for very large reviews
to ensure all reviewers can consistently apply the inclu-
sion criteria. In addition, pilot testing could reduce the
time then required for conflict management. Depending
on the research question, this step of the scoping review
could include more than 5000 citations which can be very
time consuming.9 Tools that have been used both suc-
cessfully and reliably for this step include Abstrackr, Ray-
yan, BIBOT, EPPI-Reviewer and DistillerSR.21,30,50,51,53

These four tools had the highest reliability and validity
amongst the others that were introduced as undertaking
this step. Abstrackr had an accuracy of 95% and a preci-
sion of 97.7%,52 Rayyan had an area under the curve of
0.8720 and BIBOT had a reliability (k = 0.84).54 The mean
sensitivity of DistillerSR is 78% and the mean specificity
of 95% for this approach. The area under the ROC curve
was 0.87.6,27

ASReview is another tool that has been used in sys-
tematic reviews to title and abstract screening. It aims at
minimising the number of articles to be screened by the
researcher, while still identifying the majority of relevant
articles. A study by Ferdinands compared the use of
ASReview randomly and statistically for small sample
size, the author found the tool to reduce screening by up
to 82%.55

Covidence systematic review management software
can support all stages of screening as well as data extrac-
tion in scoping reviews.26 The software is user friendly
and can reduce time spent per scoping review. The sys-
tem can automatically detect and upload full-text open
access articles, support bulk uploads for .pdf files as well
as report on the reliability of reviewers in each stage of
screening as well as manage conflicts. The screening
results can then be exported to complete the PRISMA
flowchart, the excluded studies with reasons for exclusion
can also be exported for inclusion in the final scoping
review.26

The ‘Cochrane RCT Classifier’ was created as a
machine learning classifier for extracting randomised
controlled trials (RCTs) to minimise the time and effort
associated with study identification in Cochrane while
conducting systematic reviews.56 Additionally, a machine
learning classifier called the ‘Cochrane COVID-19 Study
Classifier’ was created to reduce the workload associated
with study identification in order to maintain the
Cochrane COVID-19 Study Register (CCSR), a continu-
ally updated register of COVID-19 research papers.57

In the academic literature, several other automation
tools have been referenced for facilitating the screening
process, which encompass the Evidence-Based Medicine
NLP (EBM-NLP) corpus,58 GRADEpro, MAGICapp,
SRA-Helper, TerMIne, Lingo3G, GAPScreener, Revis,
Pimiento, RapidMine, RobotAnalyst, Sherlock, Metta
Snowballing-ParsCit, Quick Clinical, Support for System-
atic Review59 and Research Screener.60

4.6 | Step 6: Data extraction

Data extraction should use a standardised process and
tools where relevant information is extracted from
included sources to address the review's question related
to the PCC (Population, Concept and Context). This step
is usually done by at least two reviewers especially when
there is a large number of included studies.7 Examples of
items included in data extraction sheets are citation
details, country of origin of publications, methods, meth-
odology, relevant findings, and conclusions. However,
other examples of data extraction could include partici-
pants, types of intervention, and barriers and
facilitators.8,22

DistillerSR, ExaCT, and Covidence have been used by
the JBI scoping review methodology group for data
extraction.10,27,61 DistillerSR is a web-based tool that aids
in reference screening and data extraction and ExaCT
assists the location and extraction of key trial characteris-
tics from journal articles for Randomised Controlled Tri-
als (RCTs).62 ExaCT tool had very high recall (72%–100%)
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for data extraction; however, it is only specific for RCTs
which may not be ideal for scoping reviews that include
other study designs.13,61,62 While, it is hard to find the
specificity and reliability of DistillerSR for data extrac-
tion, it is currently being used by researchers in their sys-
tematic reviews63,64 Covidence Data Extraction 2.0 tool
can support extraction of data and also piloting of data
extraction by all reviewers. Also, it has been noted that
both Tabulizer and UDPipe tools are useful for the data
extraction process.65 Webplotdigitizer has also been used
effectively and reliably to extract data from studies. Its
validity has been tested and was found to be comparable
to other data extraction tools that are used to extract data
from tables.14,66

Piloting data extraction is recommended to ensure
the data captured addresses the research questions ade-
quately and accurately by all reviewers, as this can be fur-
ther modified to obtain the appropriate data for the
review. Furthermore, data extraction that is easy to inter-
pret can assist in a quicker data extraction stage.

4.7 | Step 7: Data charting and analysis

This step of the scoping review is dependent on the
results obtained to address the scoping review questions.
This step can also be prespecified in the protocol stage.
Data charting can be done in Excel or other programs
with automated functions for data transformation that
enable data to be presented visually. Examples of these
programs include GoogleCharts, Tableau Public, Tableau
Software, Eppi-reviewer, Nvivo, and Google Data studio
amongst others.50,67–69 For diagram construction, Dia-
grams.net by Draw.io software offers several resources
and possibilities.68 While these tools are not peer
reviewed, they are useful for data presentation.

4.8 | Step 8: Report writing

This step of the scoping review can be undertaken in
platforms such as JBI SUMARI and Revman as they pro-
vide structured headings and prepopulated text for some
sections of the final review. Covidence can support this
step by exporting the data to populate the PRISMA flow-
chart as well as exporting studies excluded at full text
screening with reason to populate the supporting scoping
review Appendices.

In conjunction with the aforementioned steps and
tools, a tool named RobotReviewer LIVE was developed
for updating reviews. In a pilot study, this tool was dem-
onstrated to effectively decrease the reliance on manual

screening work while enabling timely rolling updates
upon the publication of new primary research.69

5 | DISCUSSION

This paper has described several reliable and validated
automation tools and software that can be used to under-
take scoping reviews13,70 Automation of systematic and
scoping reviews are continuously evolving and further
work is still being undertaken in this area.71 This guid-
ance constitutes an important step in supporting
reviewers to undertake scoping reviews by integrating
both automation tools and available software with
human capabilities. It may support joint efforts aiming at
the development of evidence informed integrative auto-
mated tools and platforms for conducting high quality
scoping reviews.

While we included several reliable tools and software
that can be used for the automation of scoping reviews,
there are some limitations to the tools mentioned. For
example, some are available in English only. Another dis-
advantage is the lack of direct comparison between the
tools in a head-to-head experiment which limits their use
due to researchers not having a realistic view of their
capability as compared to other tools. Other limitations
for some include the lack of integration with other tools
and limited interoperability except for SRA tool integra-
tor that has been used to automatically exchanges data
between various software currently used in reviews.39

This tool was only cited in one reference so increasing its
use will determine its benefit for automation tools inte-
gration. This renders the scoping review tasks more time
consuming as researchers navigate between various plat-
forms to undertake scoping reviews. These limitations
could discourage reviewers from using available tools
and delay the uptake and enhancement of innovative
new scoping review approaches. We also did not compre-
hensively cover all tools available in the SR Toolbox that
might be relevant to scoping reviews (due to the lack of
data on their reliability) and we encourage the reader to
use this website as a great resource for additional tools.

When planning a scoping review, additional time
should be included to ensure all reviewers are trained
and proficient in using each automated tool. For each
tool that will be utilised, it should be referred to in the
scoping review protocol as well as the final scoping
review. While automated tools have the capacity to speed
up scoping reviews, trialling, training, and piloting of the
tools with the review team should be factored into a
review or conducted before the review begins in the set-
up phase to ensure efficient application.
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While automation tools and software can be useful
and save time for many review steps, human knowledge
and expertise are still vital. When authors choose to use
some of these tools, especially those for searching and
data extraction, we recommend that human reviewers
are involved to enable checking of the process.

Automation and innovative software have the poten-
tial to substantially enhance and ease the conduct of
scoping reviews. Further research is needed in the areas
of data extraction as most tools were only validated with
small data sets, which makes it difficult to generalise
their use and applicability to various topics. Additionally,
if a large number of sources are included in a scoping
review, steps to ensure the software can accommodate
large volumes of evidence need to be established early on
in the extraction process.

Is it worthwhile discussing ChatGPT was explored to
complete systematic-review tasks with a focus on tasks
relevant to interpretation of language.72 The authors
found that it was able to complete some tasks such as for-
mulating a review question, performing a preliminary
PubMed search strategy and basic synthesis of three
study results. Significant work is still needed to improve
its functionality to undertake the whole process.

It is also important to note that most of the tools pre-
sented in this study are all proprietary and need subscrip-
tions. However, we found that only a few tools are open
access including CrossRef, Litsuggest, Abstrackr, Rayyan,
UDPipe, Googlecharts, Google data studio and Drawio.
Needless to say, we have not used the FAIRness princi-
ples to evaluate these tools in terms of Findable, Accessi-
ble, Interoperable and reusable as it is beyond the scope
of this study. Further work should be undertaken to com-
pare and contrast tool characteristics, evaluation metrics,
and metrics tests for public datasets.73

This guidance has a few limitations including the cost
of some of the tools described may not be feasible for
research teams from Low- and middle-income countries
due to licencing requirements and the availability of the
tools to researchers without subscriptions. A useful list of
the open source automation tools have been recently
compiled by researchers.70

Moreover, the performance indicators of screening
tools mentioned are based on different benchmark data-
sets, making direct comparisons are challenging and not
currently available.74 Another limitation is that we only
included some of the tools that have been validated and
published in the literature and from our experience in
doing scoping reviews, we may have omitted other tools
that are currently being used by other researchers. More-
over, the numbers presented in this study for validation
and reliability are based on the datasets used by
researchers and therefore used different datasets may

generate different numbers of validity and reliability. In
addition to this, these were self-identified by the author
of these tools that they were valid and reliable. Future
research should include a systematic review which can
include critical appraisal and an appropriate assessment
of validity and reliability of all the tools.

Nevertheless, this guidance represents the most used
tools by many researchers including our team. Needless
to say, that this this guidance will need to be updated reg-
ularly in light of new evidence becoming available.

6 | CONCLUSION

This report highlighted several useful automation tools
and software to use in the undertaking of each step of a
scoping review. The main limitation of these tools is their
lack of integration with one another which makes the
process of undertaking reviews challenging. This guid-
ance has the potential to inform collaborative efforts
aimed at the development of evidence informed integra-
tive automated tools and platforms for conducting high
quality scoping reviews.
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