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Abstract

Background: A systematic review (SR) synthesizes evidence in a reproducible way and informs 

evidence-based decision-making. SRs are time-intensive, particularly with respect to staying 

organized, maintaining records, and managing different phases of the process. Although there 

are numerous methodological guides to lead researchers in the approach to SRs to minimize bias 

and enhance rigor, there is less focus on technological approaches that can make the SR process 

easier for researchers.

Aim: To guide researchers through the currently available technological applications that can 

assist with the SR process and synthesis of scientific literature.

Methodology: Key ways that technological applications can facilitate the SR process are 

examined.

Results: Specific applications are discussed and stratified by their support of one or multiple 

phases of the systematic review process. Key features, strengths, and limitations are provided for 

technological applications that support the SR process.

Linking Evidence to Action: This paper guides researchers in different ways technology can 

support SRs. Through use of these applications, the researcher can complete SRs in a timely 

manner and manage the process effectively.
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INTRODUCTION

Systematic reviews (SRs) are a research methodology involving a synthesis of scientific 

knowledge in a specific area (Page et al., 2021). SRs are used to inform clinical decision-

making, serve as the foundation for developing evidence-based guidelines and formulating 
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policy, and are instrumental in identifying specific areas that require more research or 

innovation (Page et al., 2021). Although vital for evidence-based practice, SRs are time-

intensive, rigorous scientific endeavors, with the average SR taking 67.3 weeks to complete 

(Borah et al., 2017). With ever more scientific evidence to synthesize, SRs are being 

generated at an astounding rate; over 29,000 citations with an SR publication type were 

added to PubMed in 2021.

As technology evolves, a greater variety of highly effective technological applications are 

now also available to support SRs and enhance the rigor with which they are conducted. 

Researchers not adopting these tools may expend additional effort and time conducting 

SRs. Technology can assist in the documentation of the SR process, increase transparency, 

enhance rigor, and streamline some of the more time-intensive SR steps. However, missing 

from the literature is a comprehensive summary of specifically how technology can support 

SRs.

The objective of this article is to review the currently available, commonly used 

technological applications that can assist the researcher in conducting SRs and synthesis 

of scientific literature. Technology reviewed in this article includes applications or websites 

tailored to the specific phases of the SR process: developing the protocol, crafting and 

conducting the literature database searches, screening abstracts and articles, extracting 

data from the articles, assessing data quality in the articles, and synthesizing findings of 

the articles. Technological applications can assist individual or multiple phases of SRs. 

Although automated tools and machine learning systems can also expedite many steps of the 

SR process (Marshall & Wallace, 2019), they will not be covered in this article as they are 

still an emerging area of SR technology.

THE SYSTEMATIC REVIEW PROCESS

SRs should be conducted by a team. Ideally, the SR team includes a medical librarian and 

at least two others who will contribute substantively to the conduct of the SR. Technological 

applications are extremely helpful in coordinating team members’ efforts on the project. 

With multiple phases of the process requiring accurate documentation of decisions, record-

keeping and project management presents a major challenge to maintaining rigor and 

consistency in SRs.

Although there are many types of SRs (Grant & Booth, 2009) with innumerable different 

foci (Munn et al., 2018), the process typically followed for all SRs is relatively standard. 

This process includes protocol development, literature database searches, abstract and article 

screening and selection, data extraction, risk of bias or quality assessment of individual 

articles, data analysis, data synthesis, and determination of the certainty and quality of a 

body of evidence. There are several landmark references that provide detailed guidance to 

lead researchers through the SR process, with a focus on ensuring scientific rigor in every 

phase. These references include the PRISMA 2020 statement as a reporting guideline for 

SRs (Page et al., 2021), the Cochrane Handbook for SR of Interventions (Higgins et al., 

2021), and the JBI Manual for Evidence Synthesis (Aromataris & Munn, 2020), among 

other evidence synthesis resources and organizations.
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Briefly, protocol development begins with developing a question that will guide the review. 

The most common format for the guiding question is Population, Intervention, Comparison, 

and Outcome (PICO). However, other formats may also be used when appropriate, like 

Population, Exposure, Comparison, Outcome (PECO) or Population, Concept, Context 

(PCC; Booth et al., 2019). After the guiding question is developed, next steps include 

establishing inclusion and exclusion criteria for article selection and identifying the primary 

databases that will be searched. Research teams are recommended to submit their SR 

protocol to a systematic review registry, such as PROSPERO (National Institute for Health 

Research, n.d.) or Campbell Collaboration (2022), so that other researchers are aware of 

efforts that are underway. Checklists for SR protocols such as PRISMA-P (Moher et al., 

2015) help researchers refine each planned step of the SR at the very beginning of the 

project, which can save research teams valuable time and effort. Once the protocol is 

established, together with a medical librarian, a researcher crafts a specific Boolean-based 

search strategy for the primary database and translates it to other relevant databases. 

Searches are then conducted, and the resulting list of articles is collated, and duplicates 

are removed. Then, the title and abstracts of the articles are screened independently by two 

team members for possible eligibility. Once articles are identified for possible inclusion, 

the full texts of these articles are obtained, and a more in-depth evaluation is conducted 

against the inclusion and exclusion criteria, again independently by two team members. 

Conflicts in team members’ determination of the articles’ eligibility are then discussed and 

reconciled. Once the SR team has identified all articles for inclusion, a data extraction 

form is developed, piloted, and subsequently refined using a small subset of the included 

articles. Data are then independently extracted from all the included articles by two team 

members, and any conflicts in data extraction are resolved. Data analysis and synthesis 

include evaluating the quality of the individual articles as well as an assessment of the study 

designs, populations studied, differences in interventions and methodological approaches, 

and research outcomes. The synthesis can involve either quantitative (e.g., meta-analysis) 

and/or qualitative methods.

TECHNOLOGICAL APPLICATIONS TO FACILITATE THE SR PROCESS

Multi-Phase applications

We begin by reviewing technological applications that are useful within multiple phases of 

the SR process and then will discuss applications that may be used in individual phases 

of the process. While single-phase applications may meet researchers’ needs for SRs, multi-

phase applications offer the added benefit of guiding researchers through multiple phases 

of the SR process while storing data in a singular location. These sophisticated programs 

offer added functionalities that help the research team stay organized, maintain records, 

and manage documents. A comparison of currently available multi-phase technological 

applications is provided in Table 1, including hyperlinks, key features, limitations, costs, and 

format(s) in which they are offered. Only the most used applications will be discussed in the 

text, but additional applications (Evidence Partners, 2022) are found in Table 1.

Depending on one’s proficiency and comfort, many phases of the SR can be managed 

entirely within Microsoft® Excel, including title and abstract review, full-text review, data 
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extraction, and study risk of bias assessment. Although Excel is an inexpensive way of 

managing the SR process, we recommend using other multi-phase applications with features 

tailored specifically for SRs whenever the researchers’ budget allows. With Excel, it is easy 

to inadvertently overwrite cells and lose data or cause errors during sorting.

Several applications offer key features that make the SR process as seamless as possible. 

Covidence is one of the preferred screening and data extraction application for conducting 

Cochrane SRs, one of the pre-eminent international SR networks for evidence synthesis 

(Cochrane Community, n.d.). This web-based software includes importing citations to 

complete both the title and abstract and full-text review phases and the conflict resolution 

process. Users can also build customized data extraction forms for each review and 

customized risk of bias assessments. Covidence can also generate PRISMA flow diagrams, 

which are required by the PRISMA Reporting Guideline for SRs (Page et al., 2021). While 

no mobile application is available for Covidence, researchers can still easily screen citations 

on a mobile web browser. However, Covidence does come with a cost. Subscriptions may be 

purchased for a single review, a small package of reviews, or organizational use. Covidence 

can also interface with some of the other applications listed here, including GRADEPro and 

RevMan.

For reviews that may require narrative synthesis or meta-ethnographies, EPPI-Reviewer Web 

(Thomas et al., 2022) is a technological application that can facilitate screening as well as 

complex coding structures for narrative synthesis that include reconciliation. EPPI-Centre 

also has an application, EPPI-Mapper (Digital Solution Foundry and EPPI-Centre, 2022) to 

help visually map gaps in the evidence and present figures that demonstrate the strength 

and quantity of evidence in a particular dimension of the phenomenon in question. EPPI-

Reviewer is another Cochrane preferred application and offers monthly subscriptions either 

for an individual user or a shareable review.

The Joanna Briggs Institute (JBI), another international knowledge synthesis organization, 

offers a program called JBI SUMARI to facilitate multiple phases of the SR process. 

This web-based application can facilitate the protocol writing process, in addition to 

the importing of citations, study screening, risk of bias assessment, and data extraction 

processes. JBI SUMARI can also create forest plots and other charts, as well as support 

report writing. JBI SUMARI offers support for different types of SRs, including, but not 

limited to, effectiveness, scoping, qualitative, umbrella, and mixed methods reviews. Like 

Covidence and EPPI-Reviewer Web, JBI SUMARI also is a paid subscription service for 

individual or organization-level subscriptions.

PICO Portal (2022) is another multi-phase application with similar capabilities as the other 

applications. Title, abstract, and full-text review are offered through this application, with 

customizable data extraction. PICO Portal, like other programs, has the added perk of 

providing one free review with unlimited reviewers and collaborators for new users to trial 

prior to purchasing a paid team license. PICO Portal offers a project dashboard to view 

progress, PRISMA flow chart generation, and the ability to invite multiple project team 

members as well.
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Many of the applications previously mentioned do not provide support for report writing or 

meta-analysis. RevMan offers both a web-based software (RevMan Web) and downloadable 

application (RevMan 5). RevMan can facilitate the writing of the protocol and final report 

and in performing meta-analysis. RevMan can also help create summary of findings tables, 

risk of bias graphs, and additional tables. Although specifically crafted for Cochrane SRs, 

this application might be helpful for other teams to organize reports and integrates with other 

commonly used SR software such as Covidence.

GRADEPro is another application that can help with development of evidence tables as 

well as appraising the overall certainty of evidence using the Grading of Recommendations, 

Development, Assessment, and Evaluation (GRADE) methodology. While individual risk 

of bias tools can help quantify quality assessments for individual studies, GRADE uses a 

structured framework to evaluate the overall quality or certainty of a body of evidence and 

the overall effect estimate (Schunemann et al., 2013). This methodology looks at factors 

that can reduce the certainty of evidence (e.g., study limitations, inconsistency of results, 

indirectness of evidence, imprecision of results, and publication bias) and factors that can 

increase the certainty of evidence (Schunemann et al., 2013). GRADEPro allows for the 

development of summary of findings tables and evidence profiles, and can extend SR work 

into recommendation development for clinical practice guidelines.

Fortunately, given the rapid growth of technological applications for the management of 

SRs, the SR team has an opportunity to review multiple tool applications and decide which 

one meets their needs and budget.

Single-phase applications

Table 2 compares different technological applications that are designed to facilitate a single 

phase of an SR, including the key features, limitations, costs, and format(s) in which they 

are offered. In addition, please note that many of the multiple-phase applications previously 

mentioned can also be used to simply facilitate a single phase of a SR.

Database search

There are tools available to assist with literature searches, including the freely available 

PubMed PICO question tool from the National Library of Medicine. The entry of search 

terms in the PICO question format of this tool and quick filtering for type of evidence is 

valuable in assisting with preliminary reviews of the literature. However, programs like the 

PubMed PICO question tool and other similar tools have a limited role in systematic reviews 

because of limited functionality in synonyms, MeSH terms, and documentation required for 

reproducibility of the search.

With respect to the literature search, reference managers such as EndNote, RefWorks, 

Mendeley, and Zotero are instrumental. In particular, reference managers can be used to 

collate the articles obtained from multiple databases and literature search strategies. In 

addition, they can quickly identify duplicates in the collated articles for removal, but authors 

should take care in reviewing and removing software-identified duplicates for accuracy.
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One application that can help with crafting the search strategy is Yale MeSH Analyzer 

(Grossetta Nardinin & Wang, 2022), a web-based application that prompts the user to enter 

PubMed Identification Numbers (PMIDs) of relevant articles, and then generates a table that 

includes article PubMed Medical Subject Headings (MeSH) and author-identified keywords. 

If the research team identifies in advance key articles that should be included in the SR, the 

Yale MeSH Analyzer can then be used to identify relevant MeSH headings and keywords to 

include in the search strategy. Yale MeSH Analyzer is currently restricted to articles found in 

PubMed but is useful if PubMed (or Ovid Medline) is the primary database used to craft the 

search strategy.

Screening

To ensure rigor of the SR, screening should be done by at least two team members 

independently reviewing citations against the inclusion and exclusion criteria in both the 

title/abstract and full-text screening phases of the SR. A mobile and web-based application 

called Rayyan (Ouzzani et al., 2016) allows users to import citations from reference 

managers for the purpose of study screening. Rayyan can also be used to identify and 

remove duplicate articles. Users can use Rayyan to blind decisions on articles from other 

users to ensure independent review, identify conflicts that need to be resolved, identify 

and highlight keywords within the articles, and export selected articles back to reference 

managers. However, since Rayyan is freely available, one of its drawbacks is that the title, 

abstract, and full-text phases of the screening have to be conducted as separate projects 

within Rayyan, as it does not seamlessly take the user between screening phases (at the time 

of this publication). Other multiphase tools mentioned earlier could also be used to screen 

articles independently of their other functionality.

Data extraction

Data extraction from the included articles is another step of the SR process that should be 

completed independently by at least two team members to ensure accuracy of the extracted 

data. Currently, there is a lack of sophisticated standalone data extraction tools that are 

specific to SRs. Options for data extraction include creating forms for data extraction or 

for quality and risk of bias assessment in Microsoft® Excel for researchers to complete 

independently or using REDCap, a secure web application for managing research data 

(Harris et al., 2009; Vanderbilt University, 2022). REDCap can be used to develop and 

complete data extraction forms, serve as an SR data storage platform, and facilitate data 

exports to Microsoft® Excel for comparison of results and further analysis, but REDCap 

requires significant effort to set up the project to allow for data extraction. Qualitative 

data analysis software, like NVivo (QSR International, 2021), ATLAS. ti (2022), Dedoose 

(2022), or MaxQDA (VERBI GmbH, 2022), can also be used for SR data extraction. 

Specifically, researchers can use qualitative data analysis software to create a coding 

framework that focuses on the components of the planned data extraction. After coding 

the articles, reports showing all the coded data can be generated and downloaded for further 

analysis.
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Risk of bias assessment

Often, risk of bias assessments for each individual article are presented visually in color-

coded figures. The Robvis web application (McGuinness & Higgins, 2021) allows for easy 

development of visualizations for risk of bias assessments. Researchers can use common risk 

of bias tools, including Cochrane Revised Risk of Bias (RoB 2) Tool (Sterne et al., 2019), 

ROBINS-I (Sterne et al., 2016), QUADAS-2 (Whiting et al., 2011), and QUIPS (Hayden et 

al., 2013), or customize and add other risk of bias tools. As mentioned earlier, Microsoft® 

Excel is another application that could be used for this as well.

Data analysis

If a team determines that the studies included in their review have homogeneous outcomes, 

similar research participants, and interventions that allow for pooling of data, meta-analysis 

will produce a summary estimate of the effect. Reviewing guidance for meta-analysis can 

be helpful in identifying the appropriateness of quantitative synthesis at the protocol phase 

(Seidler et al., 2019). Many commonly used statistical software programs, such as RevMan, 

STATA, SPSS, and R all offer meta-analysis functionality. For those without access or 

familiarity with statistical software, OpenMeta[Analyst] (Wallace et al., 2012) is another 

option to perform meta-analysis and is free to download for use.

If quantitative synthesis is not possible, narrative synthesis can be reported using SWiM 

(Synthesis Without Meta-analysis) reporting guidelines (Campbell et al., 2020). Qualitative 

analysis software may be helpful for narrative synthesis to identify themes and guide the 

interpretation of studies.

DISCUSSION

In this article, we described many different technologies that can help with managing 

SR logistics, reduce the potential for error, and enhance rigor in the SR process. When 

reviewing these applications, individual researchers and teams should consider key features 

that are needed for their SR and the resources available to them. While multi-phase 

applications may seem like the obvious choice for SRs, those with limited financial 

resources may opt to combine several free, single-phase applications or take advantage of a 

free trial offered by some of the applications.

While the list of technological applications we included was not exhaustive, it provides a 

comprehensive overview of the more commonly used applications. Given that technology is 

always evolving, we suggest checking the SR Toolbox (Marshall et al., 2022) for the latest 

list of technological applications that may meet specific needs.

Many of the applications described herein offer free trials where researchers can test 

applications to identify which is most appropriate for their review and compatible with 

their institution’s preferred software. Most of the applications have video tutorials available 

on YouTube that review key features, give tips on use, and answer frequently asked 

questions. As an additional benefit, many of the multi-phase applications have community 

functions (e.g., discussion boards), methodological resources, and traditional customer 

support functions.
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All technological applications have some weaknesses. When selecting applications, the key 

is to be aware of the weaknesses, so that strategies can be employed to offset issues that 

could arise. For example, if teams opt to use Excel for any part of a SR, they could consider 

locking parts of the worksheets that should not be edited to avoid accidental changes and 

ensure data accuracy.

Machine learning and natural language processing are foremost, emerging areas of 

innovation in managing SRs. Machine learning and natural language processing are being 

used to assist with the screening of abstracts in applications such as Research Screener (Chai 

et al., 2021) and DistillerAI (Gartlehner et al., 2019). These applications show promise in 

reducing the time-intensive step of reviewing thousands of titles and abstracts for eligibility. 

Some of the applications mentioned, like Rayyan (Ouzzani et al., 2016), are trialing machine 

learning and natural language processing features as well. Currently, the time saved using 

machine-assisted screening comes with the increased risk of missing potentially relevant 

records. Researchers interested in these technologies should proceed with caution and 

compromise with semi-automation to reduce screening workload (Gates et al., 2019).

Other potential challenges with SRs include navigating collaborations between multiple 

researchers, document management, and general project management. Some of the 

applications mentioned provide functionality that may address challenges faced by larger SR 

teams operating at multiple institutions. While there are applications designed to facilitate 

the management of large research projects, they are not covered here as they are not targeted 

to the SR process.

SRs are a complex form of research that necessitate technological applications to ensure a 

high level of rigor is maintained while prioritizing speed. Since SRs are often used to inform 

policy, clinical practice guidelines, and to identify research priorities, researchers should use 

the technology available to enhance their work.

Linking Evidence to Action

• The advantages of using technological applications to support the SR process 

include enhancing rigor through record keeping, facilitating impartial review of 

potential articles for inclusion, and assisting the researcher in evidence synthesis.

• Researchers should become familiar with the advantages and disadvantages of 

various tools, along with the steps they support within the SR process.

• Researchers should select a combination of single-phase tools or multi-phase 

tools to support their SR, depending on the SR scope, budget, desired features, 

and team logistics.

• Researchers should explore and consider new tools or new functionalities of 

existing tools as they are developed.
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