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Background

The current body of research is growing, with more than 1 million clinical research papers published from clinical trials alone [START_REF] Gierisch | Future Research Prioritization: Implantable Cardioverter-Defibrillator Therapy in Older Patients[END_REF]. Planning a study focusing on the wrong question is a frequent cause of waste in research [START_REF] Chalmers | Avoidable waste in the production and reporting of research evidence[END_REF]. Hence, completed and on-going research should be used to assess whether research gaps justify new research and can inform the design, conduct and reporting of further research [START_REF] Young | Putting clinical trials into context[END_REF]. Initiatives such as the James Lind Alliance The term "research gap" is not standardized, and its meaning can differ depending on the research context. In this study, we adopted the definition from the National Collaborating Centre for Methods and Tools in Canada, which describes a research gap as a research question for which missing or insufficient information limits the ability to reach a conclusion [START_REF] Bennett | Reporting Guidelines for Survey Research: An Analysis of Published Guidance and Reporting Practices[END_REF]. To further understand research gaps and their causes, we also referred to a paper by Robinson et al. that developed a framework on identifying research gaps from systematic reviews by characterizing the gap with use of PICOS (population, intervention, comparison, outcomes, setting) elements and identifying reason(s) for why the gap exists, including insufficient or imprecise information, biased information, inconsistency or unknown consistency, and incorrect information [START_REF] Robinson | Development of a framework to identify research gaps from systematic reviews[END_REF].

Upon identifying research gaps, prioritizing research based on the gaps is essential to determine its importance and relevance, especially based on feedback from key stakeholders such as patients, clinicians, researchers, advocates and funders. Research priority setting is not commonly defined in a consistent way, although it has been described as any interpersonal activity that leads to the selection of topics or key questions to further investigate [START_REF] Nasser | Setting priorities for conducting and updating systematic reviews[END_REF]. Research prioritization processes can help researchers and policy-makers effectively target research that has the greatest potential health benefit.

Consensus is lacking on what constitutes the best methodological approaches to identify

research gaps [START_REF] Robinson | Development of a framework to identify research gaps from systematic reviews[END_REF][START_REF] Rudan | Assembling GHERG: Could "academic crowd-sourcing" address gaps in global health estimates?[END_REF], determine research priorities [START_REF] Nasser | Setting priorities for conducting and updating systematic reviews[END_REF][START_REF] Viergever | A checklist for health research priority setting: nine common themes of good practice[END_REF] and display research gaps or priorities. Therefore, we considered that a scoping review on this topic area was warranted.

Our objectives were to 1) identify different definitions reported on the term "research gap";

2) explore methods used to identify research gaps; 3) describe methods used to determine research priorities; and 4) map methods used to display research gaps or research priorities.

Methods

The analytic framework for this scoping review involved the methodology outlined by Arksey and O'Malley [START_REF] Arksey | Scoping studies: towards a methodological framework[END_REF] and further refined by the Joanna Briggs Institute [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF]. It entails identifying the research question; expert consultation on conceptualizing the research topic, identifying the different key terms for the search strategy, developing the items for the data extraction form and reviewing the manuscript; searching for relevant studies using key terms; selecting studies; charting the data; collating, summarizing, and reporting the results; and consulting with stakeholders to inform study findings. Experts played a major role in this study; their role was important because of the uncharted nature of this topic area. A detailed study protocol is included as supplementary material.

Search methods for identification of documents

The scoping review aimed to identify and include a wide range of article types, including original research, protocols, conference proceedings and website content. The goal of the search strategy was to identify a diversity of methods used to identify, prioritize and display gaps or priorities in health research. To build the search terms for the search strategy, because of the variability in terminology used, we began by contacting experts for the terms, descriptions and definition they use to refer to research gaps. Upon compiling different terms, we built our search terms with the assistance of a research librarian. The final search terms included "identifying gaps in research", "research gaps", "evidence gaps", "research uncertainties", "research gaps identification", "research gaps prioritization" and "methods" in health research including public health and clinical research. Two reviewers (LN and VN) conducted the searches by using the Peer Review of Electronic Search Strategies (PRESS) guideline checklist, which aims to improve the quality of database searches [START_REF] Mcgowan | PRESS Peer Review of Electronic Search Strategies: 2015 Guideline Statement[END_REF].

The databases searched were MEDLINE, PubMed, EMBASE, Cochrane Library, Scopus, Web of Science, PROSPERO register, TRIP, Google Scholar and Google. To focus on the most current research, database searches were limited to the past 10 years (2007-2017).

Additional searches involved hand searches, web searches, expert suggestions, and checking reference lists of highly relevant articles. Only studies reported in English and involving humans were included to increase the feasibility of this scoping review. See Appendix B for complete search strategies.

Eligibility criteria

Studies were included if they aimed to describe a methodology and/or applied some methodology to identify gaps, determine research priorities, and/or display gaps or priorities in health research. All study designs were eligible, including those that used qualitative or quantitative methods, methodology or guideline reports. We focused our inclusion criteria to capture reports scoping within the domain of health, reporting on and/or describing methods for identifying, prioritizing and/or displaying research gaps. We excluded publications that did not explicitly describe how they aimed to identify, prioritize and/or display research gaps. For addition information see Appendix C.

Abstract and full-text screening and selection of articles

Abstract and full-text screening was performed by two authors. The first reviewer (LN) performed the entire screening of 1938 abstracts, and a second reviewer (VN), screened 10% (194/1938) of all abstracts. Agreement on selection of abstracts was 174/194 (90%). In total, 237 articles were selected for full-text screening: LN performed the entire screening and VN screened 10% (24/237) of articles. Among the 24 articles that were doubled screened, agreement was reached on 20 (85%). Title and abstract screening involved use of the software package Covidence for conducting systematic reviews. Full-text screening involved using EndNote to manage and retrieve full texts. Discrepancies in both abstract and full-text screening were resolved in a meeting with senior researchers.

Data charting and synthesis

Data charting involved the use of Google Forms developed by LN with expert consultation, guidance from senior researchers and reviewing a previous methodological study [START_REF] Tricco | A scoping review on the conduct and reporting of scoping reviews[END_REF]; the form was calibrated by LN and VN. See Appendix D for the complete data extraction form.

All data collection and analyses were conducted by LN, and VN extracted 10% (14/139 of all full-text articles). As an additional data cleaning step, two senior researchers then verified and discussed the 14 articles extracted by the second reviewer, to ensure data accuracy. A 95% agreement was achieved; disagreements were mainly on interpretation of methods used to identify gaps and/or determine research priorities. Disagreements were resolved in a meeting with senior researchers. We extracted the following data from articles: type of article, main objective of the study, main study methodology, definition of research gaps, and specific methods to identify research gaps, determine research priorities and display research gaps or priorities [START_REF] Tricco | A scoping review on the conduct and reporting of scoping reviews[END_REF]. The synthesis included quantitative analysis (i.e., frequency analysis) and qualitative analysis (i.e., thematic analysis) of the components of the methods to identify, prioritize and/or display gaps in health research and conceptual definitions of gaps in health research [START_REF] Tricco | Prisma extension for scoping reviews (prisma-scr): Checklist and explanation[END_REF].

Results

Results of the search

The literature search retrieved 2,044 citations, and after duplicates were removed, 1,938 remained. Overall, 247 references were considered potentially eligible. After full-text assessment, 98 articles were excluded, and 139 were included. Figure 1 shows the flow chart of articles through the scoping review. 

Summary of study designs

Among the 139 included articles, 90 (65%) aimed to identify gaps, 23 (17%) aimed to determine research priorities and 26 (19%) focused on both identifying gaps and determining research priorities. 

Definitions of research gaps reported in articles

We explored the definitions as reported in the included studies. We identified a total of 12 different definitions, some of which overlapped, as presented in Box 1. Three cross-cutting themes were identified: definitions related to missing information, inadequate information and insufficient information.

Box 1: Definitions of research gaps as reported by the scoping review

Missing information

Research/evidence/knowledge gaps evidence is missing from a body of research on a particular topic that could otherwise potentially answer the questions of decision-makers (clinicians, other practitioner groups, administrators, policy-makers) [START_REF] Scott | Using Health Technology Assessment to Identify Research Gaps: An Unexploited Resource for Increasing the Value of Clinical Research[END_REF] Synthesis/unidentified gaps little or no evidence from systematic reviews is available and could be a valuable resource to inform the evidence base in a particular area [START_REF] Birte | Evidence & Gap Maps: A tool for promoting evidence informed policy and strategic research agendas[END_REF][START_REF] Brearley | The physical and practical problems experienced by cancer survivors: a rapid review and synthesis of the literature[END_REF] lack of up-to-date and conclusive systematic reviews at low risk of bias mapped to a clinical question [START_REF] Yu | Setting priorities for comparative effectiveness research on management of primary angle closure: a survey of Asia-Pacific clinicians[END_REF] Treatment uncertainty lack of up-to-date, reliable systematic reviews of research evidence addressing the uncertainty about the effects of treatment, and/or up-to-date systematic reviews of research evidence show that uncertainty exists [START_REF] Van Middendorp | Top ten research priorities for spinal cord injury: the methodology and results of a British priority setting partnership[END_REF] Absolute evidence gaps little or no evidence from primary studies is available [START_REF] Birte | Evidence & Gap Maps: A tool for promoting evidence informed policy and strategic research agendas[END_REF] Knowledge gap (knowledge void gap)

desired research findings do not exist [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF][START_REF] Fulgham | O & A with Ed Tech Leaders: Interview with Roger Kaufman[END_REF][START_REF] Müller-Bloch | A framework for rigorously identifying research gaps in qualitative literature reviews[END_REF] Practical knowledge gap (action-knowledge conflict gap)

professional behavior or practices deviate from research findings or are not covered by research [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF][START_REF] Fulgham | O & A with Ed Tech Leaders: Interview with Roger Kaufman[END_REF][START_REF] Müller-Bloch | A framework for rigorously identifying research gaps in qualitative literature reviews[END_REF] 

Inadequate information

Research/evidence/knowledge gaps the evidence base inadequately addresses a key question [START_REF] Hiten | A Systematic Review of Research Gaps in the Evaluation and Management of Localized Renal Masses[END_REF] Empirical gap (evaluation void gap)

research findings or propositions need to be evaluated or empirically verified [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF][START_REF] Fulgham | O & A with Ed Tech Leaders: Interview with Roger Kaufman[END_REF][START_REF] Müller-Bloch | A framework for rigorously identifying research gaps in qualitative literature reviews[END_REF] Population gap research regarding a population that is not adequately represented or underresearched in the evidence base or prior research (e.g., sex, race/ethnicity, age) [START_REF] Robinson | Development of a framework to identify research gaps from systematic reviews[END_REF] 

Insufficient information

Research/evidence/knowledge gaps not much information is available and/or there is a lot of uncertainty about the accuracy of the existing estimates/evidence [START_REF] Rudan | Assembling GHERG: Could "academic crowd-sourcing" address gaps in global health estimates?[END_REF] additional research is needed, from policy-makers perspectives, to address the evidence gap in the available primary research [START_REF] Scott | Using Health Technology Assessment to Identify Research Gaps: An Unexploited Resource for Increasing the Value of Clinical Research[END_REF] Methodological gap (method and research design gap)

a variation in research methods is required to generate new insights or to avoid distorted findings [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF][START_REF] Fulgham | O & A with Ed Tech Leaders: Interview with Roger Kaufman[END_REF][START_REF] Müller-Bloch | A framework for rigorously identifying research gaps in qualitative literature reviews[END_REF] Theoretical gap (theory-application void gap)

theory should be applied to certain research issues to generate new insights; theory is lacking, so a gap exists [START_REF] Peters | Guidance for conducting systematic scoping reviews[END_REF][START_REF] Fulgham | O & A with Ed Tech Leaders: Interview with Roger Kaufman[END_REF][START_REF] Müller-Bloch | A framework for rigorously identifying research gaps in qualitative literature reviews[END_REF] 

Specific methods for identifying research gaps

We then classified the methods used to identify research gaps. The most frequent methods in the review were aimed at gap identification (including both identification and prioritization) and involved secondary research, including knowledge synthesis (80/116 articles, 69%), specifically systematic reviews and scoping reviews (58/80, 73%) (Table 1).

Overall, 24/116 (21%) articles described the use of both primary and secondary research and (12/116, 10%) only primary research. We found 7 specific methods for identifying research gaps that we describe along with the purpose of the method (Table 2). 

Primary research methods

Quantitative Survey [START_REF] Yu | Setting priorities for comparative effectiveness research on management of primary angle closure: a survey of Asia-Pacific clinicians[END_REF] A scientific procedure for collecting information and making quantitative inferences about a pre-defined population Determine evidence gaps by using a Likert-type response scale and scoring from 0 (not important at all) to 10 (highly important)

Academic crowdsourcing [START_REF] Rudan | Assembling GHERG: Could "academic crowd-sourcing" address gaps in global health estimates?[END_REF] An emerging paradigm that is based on harnessing the power of the crowd to solve problems [START_REF] Rudan | Assembling GHERG: Could "academic crowd-sourcing" address gaps in global health estimates?[END_REF] Aims to reach a wider range of people, which may sometimes be required to solve a problem correctly and efficiently including identifying research gaps [START_REF] Rudan | Assembling GHERG: Could "academic crowd-sourcing" address gaps in global health estimates?[END_REF] Needs assessment [START_REF] Kitson | The knowledge-to-action cycle: identifying the gaps[END_REF][START_REF] Thompson | Evaluation of the current knowledge limitations in breast cancer research: a gap analysis[END_REF] 

Secondary research methods

Knowledge synthesis

Systematic review [START_REF] Wahl | A global representation of vitamin D status in healthy populations[END_REF][START_REF] Chang | Identifying research needs for improving health care[END_REF][START_REF] Mickenautsch | Research gaps identified during systematic reviews of clinical trials: glass-ionomer cements[END_REF][START_REF] Scott | Using Health Technology Assessment to Identify Research Gaps: An Unexploited Resource for Increasing the Value of Clinical Research[END_REF][START_REF] Tunis | Using Health Technology Assessment to Identify Gaps in Evidence and Inform Study Design for Comparative Effectiveness Research[END_REF]* Efficient scientific approach to identify and summarize evidence that allows for generalizability and consistency Summarize all pertinent studies on a specific question; improve the understanding of Scoping review [START_REF] Levac | Scoping studies: advancing the methodology[END_REF][START_REF] Schwartz | Fertility-related research needs among women at the margins[END_REF][START_REF] Tricco | A scoping review on the conduct and reporting of scoping reviews[END_REF] Evidence mapping [START_REF] Birte | Evidence & Gap Maps: A tool for promoting evidence informed policy and strategic research agendas[END_REF][START_REF] Clavisi | Effective stakeholder participation in setting research priorities using a Global Evidence Mapping approach[END_REF][START_REF] Schmucker | Methods of evidence mapping. A systematic review]. Bundesgesundheitsblatt, Gesundheitsforschung[END_REF] Mapping study [START_REF] Atal | Differential Globalization of Industry-and Non-Industry-Sponsored Clinical Trials[END_REF][START_REF] Ahmad | Geographical representativeness of published and ongoing randomized controlled trials. The example of: Tobacco consumption and HIV infection[END_REF][START_REF] Diakou | Published randomized trials performed in Sub-Saharan Africa focus on high-burden diseases but are frequently funded and led by high-income countries[END_REF] Umbrella review [START_REF] Nasser | Setting priorities for conducting and updating systematic reviews[END_REF] Integrative review [START_REF] Marion | Patient, family-centred care interventions within the adult ICU setting: An integrative review[END_REF] Critical interpretive synthesis [START_REF] Johnson | Prognostic communication in cancer: A critical interpretive synthesis of the literature[END_REF] of the research findings to be assessed and data inconsistencies to be explored [START_REF] Mulrow | Rationale for systematic reviews[END_REF] inconsistencies in diverse evidence and identify gaps in research evidence to define future research agendas [START_REF] Mulrow | Rationale for systematic reviews[END_REF] Bibliometric study [START_REF] Kho | The systematic review and bibliometric network analysis (SeBriNA) is a new method to contextualize evidence. Part 1: description[END_REF][START_REF] Mbuagbaw | Critical EPICOT items were absent in Cochrane human immunodeficiency virus systematic reviews: a bibliometric analysis[END_REF] The Global evidence-mapping methods [START_REF] Clavisi | Effective stakeholder participation in setting research priorities using a Global Evidence Mapping approach[END_REF][START_REF] Jaramillo | Prevention and self-management interventions are top priorities for osteoarthritis systematic reviews[END_REF] Maps available research and provides an overview of a broad range of research questions and identifies evidence gaps [START_REF] Clavisi | Effective stakeholder participation in setting research priorities using a Global Evidence Mapping approach[END_REF] Characterize the breadth, depth, methodology of relevant evidence and make this readily accessible [START_REF] Katz | The evidence base for complementary and alternative medicine: methods of Evidence Mapping with application to CAM[END_REF]; identify research gaps *including methods used in Health Technology Assessments

Specific methods for determining research priorities

Among the 49 studies aiming at research prioritization, the most frequent method involved both primary and secondary research, accounting for 24 (49%) studies, followed by primary research 17 (35%), and secondary research 8 (16%) (Table 1). We identified five specific methods for determining research priorities (Table 3). 

Both primary and secondary research

Priority setting [1, 17, 18, 45, 46, Global evidencemapping method [START_REF] Clavisi | Effective stakeholder participation in setting research priorities using a Global Evidence Mapping approach[END_REF][START_REF] Jaramillo | Prevention and self-management interventions are top priorities for osteoarthritis systematic reviews[END_REF] Maps available research and provides an overview of a broad range of research questions and identifies evidence gaps [START_REF] Clavisi | Effective stakeholder participation in setting research priorities using a Global Evidence Mapping approach[END_REF] Question development involving 

Specific methods for displaying research gaps and research priorities

We identified 14 unique methods used to display research gaps and/or research priorities and give some examples of these methods (Table 4). We provide some illustrations of nontraditional methods. An illustration of all methods can also be found in Appendix E.

Table 4: Overview of methods to display gaps and research priorities

Format

The information on research gaps and priorities displayed

Ways of displaying research

Table [1, 14, * Examples available on Appendix E.

Discussion

Our findings demonstrate that the term "research gap" significantly differs across research contexts and there is no common definition. It also reveals no clear methodological guidance on which methods should be used to identify research gaps or determine research priorities. This situation leads to a wide variety in methodology, for difficulties in comparing results across studies.

Also, many studies aimed at identifying gaps relied on secondary research, primarily systematic reviews. Systematic reviews are considered the gold standard in providing the highest level of evidence for the relative efficacy and safety of interventions [START_REF] Impellizzeri | SYSTEMATIC REVIEW AND META-ANALYSIS: A PRIMER[END_REF] and summarizing the overall quality and results of research. A study on identifying and prioritizing research gaps corroborated that systematic reviews are the standard for evaluating the existing state of scientific knowledge regarding a specific clinical or policy question [START_REF] Carey | Prioritizing future research through examination of research gaps in systematic reviews. Prepared for the Patient-Centered Outcomes Research Institute[END_REF]. Robinson et al. also developed a framework for using systematic reviews to identify research gaps [START_REF] Robinson | Development of a framework to identify research gaps from systematic reviews[END_REF]. Although these two studies show that systematic reviews can identify research gaps, most systematic reviews address a highly focused question related to the existing evidence and thus present difficulties for explicitly identifying research gaps in a general area [START_REF] Robinson | Development of a framework to identify research gaps from systematic reviews[END_REF][START_REF] Carey | Prioritizing future research through examination of research gaps in systematic reviews. Prepared for the Patient-Centered Outcomes Research Institute[END_REF][START_REF] Tricco | Same family, different species: methodological conduct and quality varies according to purpose for five types of knowledge synthesis[END_REF].

Other secondary research methods identified in this review were overviews of reviews, also known as umbrella reviews, scoping reviews and evidence mapping. Overviews of reviews focus on a much broader area, compiling evidence from multiple reviews into one accessible and usable document and highlighting other reviews within the specified topic area [START_REF] Nikolakopoulou | Living network meta-analysis compared with pairwise metaanalysis in comparative effectiveness research: empirical study[END_REF][START_REF] Grant | A typology of reviews: an analysis of 14 review types and associated methodologies[END_REF].

Moreover, scoping reviews and evidence mapping are designed to describe existing evidence in a broader content area [START_REF] Wang | Creating a literature database of low-calorie sweeteners and health studies: evidence mapping[END_REF][START_REF] Althuis | Evidence mapping: methodologic foundations and application to intervention and observational research on sugar-sweetened beverages and health outcomes[END_REF][START_REF] Hetrick | Evidence mapping: illustrating an emerging methodology to improve evidence-based practice in youth mental health[END_REF]. They descriptively summarize results, which can be presented in a user-friendly format, often a visual figure called an evidence gap map [START_REF] Snilstveit | Evidence & Gap Maps: A tool for promoting evidence informed policy and strategic research agendas[END_REF], or a searchable database, to improve research planning, strategic research prioritization, and evidence-informed policies.

A mix of primary and secondary research was most frequently used to determine research prioritization, namely, priority setting (e.g., JLA PSP methods). These methods involve the participation of patients, caregivers and health and social care professionals in identifying research questions, then prioritizing them by using a combination of primary and secondary research [START_REF] Gierisch | Future Research Prioritization: Implantable Cardioverter-Defibrillator Therapy in Older Patients[END_REF][START_REF] Yu | Setting priorities for comparative effectiveness research on management of primary angle closure: a survey of Asia-Pacific clinicians[END_REF][START_REF] Van Middendorp | Top ten research priorities for spinal cord injury: the methodology and results of a British priority setting partnership[END_REF][START_REF] Buckley | Reaching a consensus and ranking research priorities in urinary incontinence[END_REF][START_REF] Heazell | Research priorities for stillbirth: process overview and results from UK Stillbirth Priority Setting Partnership[END_REF][START_REF] Welsh | Cochrane Airways Group reviews were prioritized for updating using a pragmatic approach[END_REF][START_REF] Rees | Engaging Patients and Clinicians in Establishing Research Priorities for Gestational Diabetes Mellitus[END_REF][START_REF] Ingram | The Hidradenitis Suppurativa Priority Setting Partnership[END_REF][START_REF] Gadsby | Setting research priorities for Type 1 diabetes[END_REF][START_REF] Yoshida | Approaches, tools and methods used for setting priorities in health research in the 21(st) century[END_REF][START_REF] Wald | A patient-centered research agenda for the care of the acutely ill older patient[END_REF][START_REF] Lophatananon | The James Lind Alliance approach to priority setting for prostate cancer research: an integrative methodology based on patient and clinician participation[END_REF][START_REF] Pollock | Top 10 research priorities relating to life after stroke--consensus from stroke survivors, caregivers, and health professionals[END_REF][START_REF] Meremikwu | Priority setting for systematic review of health care interventions in Nigeria[END_REF][START_REF] Brian | Case study: A patient-clinician collaboration that identified and prioritized evidence gaps and stimulated research development[END_REF][START_REF] Mitnick | Programmatic Management of Drug-Resistant Tuberculosis: An Updated Research Agenda[END_REF][START_REF] Pollock | Development of a new model to engage patients and clinicians in setting research priorities[END_REF][START_REF] Van Furth | Top 10 research priorities for eating disorders[END_REF][START_REF] Chapman | A survey study identified global research priorities for decreasing maternal mortality[END_REF][START_REF] Gierisch | Prioritization of research addressing management strategies for ductal carcinoma in situ[END_REF]. The main method for determining research prioritization with primary research was the Delphi survey, which is a practical and productive approach to obtaining opinions from a wide number of relevant experts for identifying potential priority topic areas for research [START_REF] Li | What comparative effectiveness research is needed? A framework for using guidelines and systematic reviews to identify evidence gaps and research priorities[END_REF][START_REF] Yoshida | Approaches, tools and methods used for setting priorities in health research in the 21(st) century[END_REF][START_REF] Evelina | Cochrane systematic reviews are useful to map research gaps for decreasing maternal mortality[END_REF][START_REF] Mitchell | Clinical consensus statement: tracheostomy care[END_REF].

To display research gaps, half of the methods still used traditional ways to present findings (e.g., summary table and bar charts), and the other half used more advanced ways to display information (e.g., tree map charts, radial bar plots and bubble plots).The non-traditional methods used more colors and diagrams in presenting research gaps or priorities. For example, bubble plots use different shapes, sizes and colors to display information and can be used to present up to three different variables in one diagram. These characteristics could be further explored to determine the appropriate method to be used along with specified methods to identify research gaps and/or determine research priorities.

Finally, our study confirmed that the various methods identified consist of both emerging and established approaches. Nonetheless, these methods can provide rich contextual details for establishing methodological guidance. We propose more work to improve the understanding of the methods and investigate ways to give the public, patients, clinicians, health researchers, decision-makers and funders more opportunities to know what methodologies are available and can be used.

Our scoping review had some limitations. How the term "research gap" is used and defined varied widely among different authors and articles, and our exploration of methods for identifying research gaps, determining research priorities and displaying research gaps and priorities relied on definitions used by authors of included studies. Therefore, we may have missed some methods due to lack of clear definitions. Also, we included only documents written in English, relying on key articles to identify the steps involved in each method and as presented by the authors of the included articles. As such, we may have missed important methods that were published in other languages. Additionally, the time restriction to the last 10 years provided a comprehensive list of recent methods used rather than an exhaustive list of all methods used.

Finally, we anticipate that our results will be of interest to knowledge users, including patients, public, clinicians, researchers, decision-makers, funders, key organizations such as JLA, the UK Database of Uncertainties about the Effects of Treatments, Joanna Briggs Institute, Campbell Collaboration, Africa Evidence Network, Cochrane Priority Setting Methods Group and Evidence-based Research Network, and finally methodologists focused on identifying and displaying gaps, and determining priorities in health research.

Conclusion

This study provides an overview of different methods used for and/or reporting on identifying gaps, determining research priorities and displaying both gaps and research priorities. The findings can be adopted to inform the development of standardized methods to identify, prioritize and display gaps. They can inform further research and evidence-based decision-making by providing descriptions of different methods that can be adopted in identifying research gaps. These methods will also guide the development of a qualitative study to explore key stakeholders' perceived needs in identifying, communicating and displaying gaps in research.

Ethics approval and consent to participate

This study did not need ethics approval because it used secondary data.
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  JLA), UK Database of Uncertainties about the Effects of Treatments, Cochrane Agenda and Priority Setting Methods Group and Evidence-based Research Network are some examples of existing efforts to identify and prioritize research gaps in health.
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Table 1 : Study designs used

 1 

	Study Design	All	Identification	Research	Both
		Articles	of research	prioritization	identification
			gaps		and
					prioritization
		(N=139) (N=90)	(N=23)	(N=26)
	Primary research	25 (18%) 8 (9%)	13 (56%)	4 (15%)
	Qualitative study	3 (12%)	1 (13%)	2 (15%)	0
	Quantitative survey	2 (8%)	1 (12%)	2 (15%)	1 (25%)
	Both qualitative study	20 (80%) 6 (75%)	9 (69%)	3 (75%)
	and quantitative survey				
	Secondary research	85 (61%) 77 (86%)	5 (22%)	3 (12%)
	Knowledge synthesis				
	Systematic review* 36 (42%) 33 (43%)	1 (20%)	2 (67%)
	Scoping review	25 (29%) 23 (30%)	2 (40%)	0
	Evidence mapping	4 (4%)	3 (4 %)	0	1 (33%)
	Mapping study	2 (2%)	2 (3%)	0	0
	Literature review	4 (4%)	4 (5%)	0	0
	Umbrella review	4 (4%)	4 (5%)	0	0
	Other (integrative	8(9%)	6 (8%)	2 (40%)	0
	review, critical				
	interpretive				
	synthesis)				
	Bibliometric analysis	2(1%)	2(3%)	0	0
	Both primary and	29 (21%) 5 (6%)	5 (22%)	19 (73%)
	secondary research				
	Review of evidence and	6 (21%)	0	1 (20%)	5 (26 %)
	quantitative study				

*Including methods used in Health Technology Assessments.

Table 2 : Overview of specific methods to identify research gaps Methods to identify research gaps Definition Purpose

 2 

Table 3 : Overview of specific methods to determine research priorities Methods to determine research priorities Description Summary of steps if specified Primary research

 3 

	Delphi survey [53,	A group facilitation technique	Involves a series of
	56-58]	that seeks to obtain consensus	questionnaires that are
		on the opinions of relevant	completed anonymously by
		stakeholders by a series of	experts.
		structured questionnaires	A process of group
		(commonly referred to as	communication without the
		rounds). The questionnaires are	group ever meeting face to face.
		completed anonymously by the	The responses from each set of
		experts (commonly referred to	questionnaires are analyzed,
		as panelists, participants or	summarized, and then sent back
		respondents) [59]	to the participants until a large
			degree of consensus is reached
			in the area of interest.
	Quantitative	Adapted to determine	Developing and testing
	survey [17]	participant research priorities by	questionnaires to address
		using forced raking of research	research questions
		questions and Likert-type scale	Forced ranking of research
		for responses	questions
			Likert-type scale
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