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Under which conditions do groups make more accurate judgements? 
A systematic review and meta-analysis of “wisdom-of-crowds” research

[bookmark: _h9ae2b9qsk2i]Review Methods
[bookmark: _nvjgoo7jetj5]Type of review 
	A systematic review and meta-analysis will be conducted, following the PRISMA 2020 Checklist reporting guidelines (Page et al., 2021). 


[bookmark: _8f85tl2exr9g]Review stages 
	The systematic review and meta-analysis will be conducted in the following stages:

1. Preparation of protocol and search strategy 
2. Conduct search
3. Screening pilot (110 hits)
4. Full screening
5. Data extraction and critical appraisal pilot (5% of sources)
6. Full data extraction and critical appraisal 
7. Synthesis and meta-analysis
8. Write-up / reporting 


[bookmark: _t1z5lvkssfm2] 
Current review stage 
	At the point of this registration, we have completed the full screening stage of the review and have not commenced data extraction. 


[bookmark: _uuuclhsln3dm]Start date 
	The first stage of the review began in January 2025. 



[bookmark: _lp0xn7fvagcg]
End date 
	The planned end date is the 31st of December 2025. 


[bookmark: _u3ofe1wixcm8]Background 
	Consensus processes are widely used in science. They are important for establishing what is regarded as scientific truth, setting research priorities, determining allocation of resources, developing science-based guidance on professional practice and public policy, and setting standards for research methodologies (Jorm, 2025). Examples of where consensus processes have been used include the work of the Intergovernmental Panel on Climate Change (IPCC, 2023), the European Academy of Paediatrics statement in support of childhood immunization (Dornbusch et al., 2017), statements from a range of organizations on the safety of food produced from genetically modified crops (Norero, 2022), and standards to improve reporting of medical research (Altman & Simera, 2016). There are a range of methods that scientists have used to establish a consensus, including expert working groups, consensus conferences, surveys of experts, and Delphi studies. However, little guidance is available for scientists about how to carry out consensus processes that have a greater chance of producing optimal judgements. 

Guidance may potentially be found in ‘wisdom of crowds’ research, which investigates the conditions under which groups (or ‘crowds’) make optimal judgements (Jorm, 2025). This field of research examines the accuracy of group decisions using tasks for which there is a known correct answer (e.g. How high is the Eiffel Tower? Which team will win the Soccer World Cup? What will the inflation rate be for the coming year?). It is generally found that aggregated group judgements are more accurate than those of even the best individual experts (Jorm, 2025). While the strengths of group consensus over individual expert decisions have been established, less is known about the conditions under which groups will make the best decisions. 

The aim of this review is to determine under which conditions groups make more accurate judgements, by synthesising wisdom-of-crowds research. This is the first time this evidence has been synthesised and presents an opportunity to produce standards for how groups of scientists can make optimal judgements in tasks where there is no independently known correct answer (e.g., how much will the climate warm under various scenarios?).
 


[bookmark: _car8olxoxh5t]Primary research question(s) 
	The primary research question is: Under which conditions do groups make more accurate judgements in wisdom-of-crowds research?



[bookmark: _xtyt1iqugm8x]Secondary research question(s) 
	We will explore how a range of conditions impact group decisions in wisdom-of-crowds tasks. These conditions include:
· The group’s level of expertise
· Whether judgements are made independently 
· The cognitive diversity of the group (“Cognitive diversity” refers to “the various ways in which people use and store information, including knowledge, beliefs, ability, expertise, goals, or values” (Sulik et al., 2022, p. 752).
· Whether there were opportunities for sharing judgements/feedback in the group
· Whether information was provided to aid judgements. 



[bookmark: _lt5ab4nq1h92]Expectations / hypotheses 
	We hypothesise that groups will make judgments of higher quality when:
a)  the group is selected for a high level of expertise
b)  the judgements are made independently
c)  the group is cognitively diverse
d)  when there are opportunities for sharing judgements/feedback
e)  and when relevant information is provided to aid judgements. 


[bookmark: _nxyjids89fhp]Dependent variable(s) / outcome(s) / main variables 
	The primary outcome of interest is group accuracy on the task being performed in the wisdom-of-crowds study. The task will have a known correct outcome, and one group may more accurately estimate the task outcome than the other (indicating which group made a more accurate judgement). 

Task outcomes will vary according to the type of study or the field from which it originated. Below are examples of studies with different task outcomes:
· Groups indicate what proportion of a selection of scientific studies they believe will be replicated, and predictions are later compared to actual results of replication efforts (e.g., % of studies which achieved the same α-criterion with an effect size in the same direction). Or, similarly, groups predict the outcome of an event, such as who will win a political election or the Soccer World Cup, and predictions are compared to actual event outcomes (e.g., proportion of the group that correctly predicted the event outcome).  
· Groups forecast the incidence of an infectious disease for an upcoming time period, and forecasts are later compared to actual recorded infectious disease incidence for that time period (e.g., incidence of COVID-19 over a 6-month period in a particular country). 
· Groups make quantitative estimates based on the physical dimensions of an object, such as the height of the Eiffel Tower or the number of jellybeans in a jar. The mean group estimates are compared to the actual known value (e.g., estimated height in metres compared to the actual height in metres of the Eiffel Tower).   


[bookmark: _dj3y2ksknjx]Independent variable(s) / intervention(s) / treatment(s) 
	As previously described, the effects of the following variables will be explored:

	Level of expertise
	Were group members topic experts?
	Yes (e.g., the study authors indicate that group members were experts, or have varying degrees of educational / professional experience in the topic)

No (e.g., the study authors indicate that group members were novices, or have no educational / professional experience in the topic)

	Independence of judgements
	Did group members make their judgements independently?
	Yes (e.g., group members make their judgements independently, so they are not influenced by others)

No (e.g., group members made collective judgements through deliberation)

	Cognitive diversity
	Were group members cognitively diverse?

	Yes (e.g., representation from individuals across multiple disciplines / fields in group)  

No (e.g., professionally homogenous individuals in group)

	Opportunities for sharing judgements
	Did group members have the opportunity to share their judgements or learn about others’ judgments?
	Yes (e.g., group members are given insight into others’ judgements, which are shared through Delphi feedback processes, prediction markets information, or other methods)

No (e.g., group members do not have the opportunity to share their judgements or learn about others’ judgments)

	Level of information available
	Did groups have different amounts of information available when making their judgements
	Yes (e.g., one group had a higher level of information than the other)

No (e.g., groups had the same amount of information to inform their decision). 





[bookmark: _maufoohjktkj]Additional variable(s) / covariate(s) 
	A task complexity ranking may also be assigned to the wisdom-of-crowds task in each study, as a potential moderator. A published review of task complexity in the fields of management, psychology, education, and engineering reported that there is no universally accepted definition for task complexity (Liu & Li, 2012). The review authors argue that task complexity is understood in different ways both across and within fields, with varying definitions and operationalisations, making it difficult to compare performance observed in one task to that observed in another. While task complexity is not directly tangible and observable, it can be defined through the process of conceptualisation. In our review, our conceptualisation of task complexity will be based on the level of certainty or ambiguity in the task answer. We anticipate that we will have 2 or 3 levels of task complexity, dependent on the types of studies we retrieve through our search.  



[bookmark: _wfr014ym9t3r]Software 
	The following software will be used for the review: 
· Covidence: to store and screen search results and keep track of decisions.
· Microsoft Excel: to extract data from included studies.
· Comprehensive meta-analysis, R or Stata: one of these software will be used to conduct the meta-analysis. 


[bookmark: _jynv4024y9vk]Funding 
	The work is supported by NHMRC Investigator Grant 1172889.


[bookmark: _529zsrivq2xm]Conflicts of interest 
	There are no conflicts of interest to declare. 


[bookmark: _c61rmsygc3j2]Overlapping authorships 
	No overlapping authorships between the review authors and the studies to be included in the review are expected. 


[bookmark: _1hs2pq9e7vk3]Search Strategy
[bookmark: _8wpt5iq0gthr]Databases 
	The following databases were searched:
· Medline
· PsycINFO
· Scopus
· Web of Science (Core Collection)


[bookmark: _rpbvmrcxb0jx]Interfaces 
	The following interfaces were used:
· Medline: OVID
· PsycINFO: OVID
· Scopus: Elsevier
· Web of Science: Web of Science Clarivate


[bookmark: _x5ei0b21xpao]Grey literature 
	Grey literature is not relevant to the review and will not be searched.


[bookmark: _3qhq1xg9cg75]Inclusion and exclusion criteria 
	Inclusion Criteria:
· Peer-reviewed journal articles.
· Quantitative experiments or quasi-experiments.

	Participants
	Task
	Outcomes

	To be included, studies must:

· Include 2 or more independent groups of humans.
· Include only participants who are over 18 years of age.
	To be included, studies must:

· Involve a wisdom-of-crowds (WoC) task with a “ground truth” (known answer/true value) which group performance can be compared to. 
· Tasks may involve (but are not limited to) making quantitative estimates based on the physical dimensions of an object (e.g., how many jellybeans in a jar), forecasting infectious disease incidence, or predicting the outcome of an upcoming scientific study, event or vote.
	The primary outcome of interest is group accuracy on the WoC task.

By definition, WoC tasks have a known outcome, and one group may more accurately predict, forecast, report, or estimate the task outcome (indicating which group made a more accurate judgment).

Task outcomes will vary according to the type of study and field from which the study originates. Examples include, but are not limited to:
· Groups indicate what proportion of a selection of scientific studies they believe will be replicated, and predictions are later compared to actual results of replication efforts (e.g., % of studies which achieved the same α-criterion with an effect size in the same direction).
· Groups predict the outcome of an event, such as who will win a political election or the Soccer World Cup, and predictions are compared to actual event outcomes (e.g., proportion of the group that correctly predicted the event outcome).  
· Groups forecast the incidence of an infectious disease for an upcoming time period, and forecasts are later compared to actual recorded infectious disease incidence for that time period (e.g., incidence of COVID-19 over a 6-month period in a particular country). 
· Groups make quantitative estimates based on the physical dimensions of an object, such as the height of the Eiffel Tower or the weight of a person in a photograph. The mean group estimates are compared to the actual known value (e.g., estimated height in metres compared to the actual height in metres of the Eiffel Tower).  



Exclusion Criteria: 
· Publications which were not peer-reviewed journal articles.
· Any study designs that were not experiments or quasi-experiments. 
	Participants
	Task
	Outcomes

	Studies will be excluded if:

· The groups were not independent (e.g., a within-participants design is used, or participants contribute to estimates in multiple groups or sub-groups which are compared to each other or to a whole sample outcome).
· Participants were under 18 years of age.
· Participants were selected and compared based on the presence or absence of a clinical diagnosis or symptomatology. 
· Groups differed solely on sociodemographic composition (e.g., ethnicity or gender). 
· Post-hoc task performance was used to classify groups.
· Groups (and/or their results) were created by simulation (e.g., bootstrapping). 
· Groups were created to compare aggregation methods (e.g., mean vs median estimates). 
· Group performance was compared solely to non-aggregated individual outcomes.
· Group performance was compared solely to non-human performance (e.g. statistical models, machine learning models, AI).
· Information about the group’s members and methods by which they make predictions/estimates is unknowable (e.g., government departments, institutions, banks). 

	Studies will be excluded if:

· A “ground truth” (correct task answer / outcome) could not be determined (e.g., studies in which groups work to develop new guidelines or statements).
· The ground truth was determined by individuals partaking in the task. 
· The task was value-based (e.g., determining preferences, priorities, or moral judgements).
· A training intervention was used to improve task performance. 
· The task was testing perceptual / visual abilities which tap into brain/cognitive function.
· The task involved brief trials (seconds) concerned with reaction or response time. 
· The task involved learning and executing motor skill(s).
· The task involved planned manipulation of the truthfulness or completeness of information provided to the participants (e.g., individuals receive different private signals, or group members are given unique subsets of information and must combine them to correctly uncover a “hidden profile”).
· The task incentivized participants to pursue an incorrect outcome (e.g., groups are assigned leaders who sway members towards giving an incorrect answer). 
· The task involved decision-making or problem-solving to find optimal solutions/outcomes, rather than accurate ones. 
· The task required groups or participants to estimate different ground truths (e.g., forecasting infectious disease incidence for different countries, forecasting earnings for different firm-years, or making estimates against time series with varying noise).
· The task involved estimating different ground truths across rounds and receiving feedback to improve performance (e.g., a practice or learning effect).  
	Studies will be excluded if:

· The outcome is qualitative.
· A group outcome is not presented (e.g. the study focuses solely on how individual differences explain accuracy on the WoC task).






[bookmark: _f7x3jduybioo]Query strings 
	Below is the query string for Medline (OVID). The search strings for the other databases are adapted versions of this and will be provided with the published review. 

(Accuracy improvement OR Brier score OR collective intelligence OR Combining forecasts OR Election forecasting OR estimate aggregation OR fact-checking OR Forecast accuracy OR forecast evaluation OR group decision making OR group decision-making OR group judgement OR group judgements OR Judgement accuracy OR judgement aggregation OR Judgment accuracy OR Judgmental forecasting OR Prediction market system OR prediction markets OR wisdom of crowds OR Wisdom of the crowd OR Wisdom of the crowds).kf. OR (group accuracy OR Group deliberation OR Group estimates OR Group forecast* OR Group intelligence OR Group judgment OR Group judgement OR Group problem-solving OR Group wisdom).ti,ab. OR (Team judgment OR Team judgement OR Team prediction).ti,ab. OR (Collective accuracy OR Collective deliberation OR Collective estimate OR Collective estimates OR Collective forecast* OR Collective intelligence OR Collective judgment OR Collective judgement OR Collective prediction OR Collective problem-solving OR Collective wisdom).ti,ab. OR (Crowd accuracy OR Crowd aggregat* OR Crowd assessment OR Crowd consensus OR Crowd decision OR Crowd estimates OR Crowd forecast* OR Crowd intelligence OR Crowd knowledge OR Crowd prediction OR (Crowd* adj5 wis*)).ti,ab. OR (Expert accuracy OR Expert aggregat* OR Expert decision OR Expert estimat* OR Expert forecast* OR Expert prediction OR Expert sourcing OR (Expert adj5 wisdom)).ti,ab. OR (Novice decision OR Novice estimat* OR Novice forecast* OR Novice problem-solving).ti,ab. OR (Elicit* estimat* OR Elicit* forecast* OR (Elicit adj5 wisdom)).ti,ab. OR (estimation task* AND group*).ti,ab. OR (Laype* accuracy OR Laype* assessment OR Laype* decision OR Laype* forecast* OR Laype* knowledge).ti,ab. OR  (Pool* consensus OR Pool* judgment* OR pool* prediction*).ti,ab. NOT (Review.ti,pt. OR statement*.ti. OR guideline*.ti. OR qualitative.ti. OR recommendation*.ti. OR position paper.ti. OR Meta-analysis.ti,pt. OR animal.ti.)


[bookmark: _wqshhd4f9mi5][bookmark: _awrfqaaz81to]Other search strategies 
	In addition to the database searching described, we will employ the ascendancy approach by looking through other sources cited in our included studies. We will also contact the corresponding author of all included studies to request any additional studies which may have been missed in the searches. 


[bookmark: _5pw54nszzyzq]Procedures to contact authors 
	Authors will be contacted for two reasons: 

1. Once we have completed the full screening stage and have the full list of included studies, we will contact the corresponding author of each included study to request any additional studies which may have been missed in our searches. We will accept new suggestions up to one month after this contact.
2. During the data extraction stage, corresponding authors of the included studies will be contacted to request any additional data which may be missing from publications and are needed for meta-analysis. We will follow-up on our first email contact after two and four weeks, and we will provide a date by which we can accept any additional data.

We will use templates to ensure consistency in correspondence with authors. 


[bookmark: _d9ynw8j3izux]Results of contacting authors 
	We will report the number of authors contacted, the number/proportion of emails which were not delivered, the number/proportion of individuals who replied (with and without new information), and the number/proportion of individuals who did not respond. 


[bookmark: _mh9j1n3vbi0f]Search expiration and repetition 
	The searches were run on 23 March 2025, which will be reported in the review. There are currently no plans to repeat the search for a living review. 


[bookmark: _izg8oes0qti0]Search strategy justification 
	The search strategy was developed to balance pragmatic considerations and scientific rigor, ensuring both comprehensiveness and precision. 

We first looked at the titles, abstracts, author-appointed keywords, and MESH terms used in a variety of relevant published articles, across various disciplines/fields. We highlighted and compiled common words used across these fields in these articles, to start building our search strategies. We decided to search for these common words in titles and author-appointed keywords to ensure precision (e.g., capturing very specific articles) and in abstracts to ensure comprehensiveness (e.g., to capture relevant articles which don’t use these keywords in the title or author-appointed keywords). Across these fields, we searched for singular words and exact phrases of multiple words. We also used truncations and proximity searching to find variations of words and phrases. We decided not to explicitly use MESH terms (e.g., in Medline) because they resulted in a very high volume of irrelevant records; however, some search terms in Scopus automatically mapped onto subject headings from other databases (a default feature of Scopus).  

A master database search was developed in Medline OVID and searches were kept as consistent as possible across the other databases, taking different search fields and requirements into account. 

Beyond database searching, citation screening of included studies and contacting authors of included studies will help to capture any additional eligible studies lost by inherent limitations of electronic database searches. 



[bookmark: _xi9a3zhv9eez]Miscellaneous search strategy details  
	Date: The literature searches were conducted on the 23rd of March 2025.
Language: There is no restriction on language.



[bookmark: _li53y3xynz3]Screening
[bookmark: _u7l6ou5dnnp2]Screening stages 
	All search results were imported into Covidence, where deduplication was conducted by the software. A screening pilot run then took place – two review authors initially screened the titles and abstracts of 110 records (with 90.9% agreement) and met to discuss any difficulties in the process. 

After this pilot period, the titles and abstracts of all sources were then screened independently by the two authors in Covidence, using the inclusion/exclusion criteria to determine eligibility for inclusion. Where there was uncertainty, the source was marked as a “maybe” and proceeded to a second round of screening by full-text. 

The two authors met at the end of the title/abstract round and at the end of the full-text round to discuss any discrepancies and did not continue to the next round until 100% agreement was reached. Where consensus could not be established, a third author was consulted. Screening instructions are provided later in the protocol. 


[bookmark: _mm9oxvniys1q]Screened fields / blinding 
	No fields were blinded to the screeners during the screening. The screeners were blinded to each other’s decisions during the screening rounds. 


[bookmark: _my7e5s44uilc][bookmark: _baz31y717vtr]Screener instructions    
	Screeners were provided with the following instructions:

1. Study screening and selection will be conducted in Covidence by two independent reviewers who are blinded to each other’s screening decisions. 
2. Highlighted keywords are provided to support screening and should be turned on (“show highlights”) in Covidence.  
3. Studies should be ordered by author when screening. 
4. For the first round of screening, studies will be reviewed by the title and abstract.
5. Each study should be assessed against the inclusion and exclusion criteria provided in this protocol.
6. If the study meets all of the inclusion criteria, assign a “Yes/Include” for the study. 
7. If the study clearly violates one or more of the inclusion criteria, assign a “No/Exclude” for the study.
8. If the information provided in the title and abstract is not sufficient to determine whether the study meets the inclusion criteria, assign a "Maybe" for the study. 
9. If a study duplicate is identified, manually mark the less-complete record as a duplicate. If both are equally complete, mark the second record listed as a duplicate. 
10. The reviewers will meet to discuss any discrepancies in decisions of round 1 screening. Conflicts will be resolved through discussion or by consulting a third reviewer, if necessary, and reviewers will not continue to the second round of screening until 100% consensus has been achieved. 
11. For the second round of screening, the Yes/Include and Maybe studies will be reviewed by the study full-text. 
12. If the study meets all of the inclusion criteria, assign a “Yes/Include” for the study. 
13. If the study violates one or more of the inclusion criteria, assign a “No/Exclude” for the study and note your reason for exclusion at this stage. Where there are multiple reasons for exclusion, apply the reason highest in the list below: 
· Did not meet criteria for Publication type
· Did not meet criteria for Study Design or Participants
· Did not meet criteria for Task
· Did not meet criteria for Outcome
· Other reasons: e.g., full-text could not be accessed. 
14. The reviewers will meet to discuss any discrepancies in decisions of round 2 screening. Conflicts will be resolved through discussion or by consulting a third reviewer, if necessary, and reviewers will not continue to the next stage of the review until 100% consensus has been achieved.


[bookmark: _yi9nhdeeauxy]Screening reliability 
	Screening will be conducted independently by two screeners using Covidence software, with decisions blinded along the way. The two screeners will discuss any discrepancies in decisions at the end of each screening round, and a third author will be consulted if consensus cannot be reached. 


[bookmark: _x2esha4inecc]Screening reconciliation procedure 
	The two screeners will discuss any discrepancies in decisions and a third author will be consulted if consensus cannot be reached. 


[bookmark: _c7a9fq7fimlh][bookmark: _tf2agc5da05b]Screening procedure justification 
	As described, we are not making any compromises on best practice. The screening will be conducted independently and in duplicate, with decisions blinded along the way. Our inclusion/exclusion criteria will guide decisions across the two screening rounds, first by title/abstract and then by full-text. Discrepancies in decisions will be discussed after each screening round and reconciliation will be achieved through inclusion of a third reviewer in discussions.  


[bookmark: _cpu3jq9pod32]Data management and sharing 
	The following information about the sources obtained from the searches will be shared without conditions for access:
1. A PRISMA flow diagram will be presented in the review indicating the number of search results yielded, the number of duplicates removed, the number of studies excluded at each stage of the screening process, and the final set of studies which met the inclusion criteria. 
2. The included studies will be cited in the main body of the review.
3. A list of the studies excluded by full-text, with reasons for exclusion, will be provided as a supplementary PDF or Word file (depending on Journal requirements) with the review.


[bookmark: _ef6prppgvgfx][bookmark: _ma48m6kp17fl]
Extraction
[bookmark: _7z75qri2u47x]Entities to extract 
	Where possible, the following entities will be extracted from each included source: 

Metadata:
· First author
· Year of publication 
· Study title

Study details:
· Country 
· Context (e.g., where participants were recruited from)
· Field of research (e.g., psychology, economics, medicine, etc)
· Study design (experimental or quasi-experimental)
· Number of groups/participants
· Task description (what were participants asked to do?)
· Type of method used for the group decision (e.g., prediction market, committee decision, Delphi study, survey, if possible to extract). 

Variables:
Outcome variable for each group: The primary outcome of interest is the accuracy of the groups on the tasks with known correct outcomes.

We will extract the following:

· Outcome measure used for each study (e.g., proportion correct, mean error, etc). 

· Study unit of analysis:
· Individual as unit of analysis: Estimates are made by individuals which are aggregated to form a group outcome; the measure of variance is between these individuals.
· Group as unit of analysis: Estimates are made collectively in groups; the measure of variance is between these groups.

· Sample Ns:
· Number of individuals per group (individual as unit of analysis).
· Number of groups per condition (group as unit of analysis).

· Each group’s accuracy/error on the task (e.g., true value – group estimate) and related variance. 

Independent variables: We will indicate which of the following conditions are relevant to the groups in each study:
· Expertise
· Cognitive diversity 
· Opportunities for sharing judgments/feedback 
· Information available
· Other

Potential moderator variable: category of task complexity.


[bookmark: _5wvo7isq7kqj]Extraction stages 
	The following stages will be used for data extraction:
1. A data extraction form will be developed in Microsoft Excel.
2. A set of instructions will be developed.
3. The form and instructions will be used to pilot data extraction from 5% of the included studies by all authors involved in data extraction. 
4. The authors involved will meet after this piloting phase to compare extraction reliability and to discuss whether the form requires any amendments to improve data extraction, recognising this can be an iterative process as the reviewers become familiar with the literature. 
5. After this, all involved authors will continue with data extraction of the included studies they are allocated. 


[bookmark: _bf7hwo2thaz1][bookmark: _5b22rs4izb5j]Extractor masking 
	Extractor masking will not be used. 


[bookmark: _mnyi62np3a05]Extraction reliability 
	We anticipate a large volume of studies and, due to resource constraints, will not be able to perform double extraction on each study. Rather, all of the review authors involved in the data extraction stage will first conduct independent data extraction on a sub-set of 5% of the studies to compare their extraction reliability. All authors will meet to discuss any discrepancies/issues to improve data extraction moving forward. The included studies will then be divided among the review authors for data extraction.


[bookmark: _xi0vtztsp4s2]Extraction reconciliation procedure 
	At the end of the pilot data extraction stage, all review authors involved in data extraction will meet to discuss any divergent extraction issues.   


[bookmark: _9s2pj2vy0xk9]Extraction procedure justification 
	As described, our approach to data extraction is limited by resource constraints. However, to ensure reliability we have built-in a data extraction pilot stage which will allow us to discuss discrepancies in data extraction prior to proceeding to the full data extraction stage. 

Each entity being extracted will help us to describe the literature presented in the review, address our research question, and test our hypotheses.


[bookmark: _bqq3vv8w7r33]Data management and sharing 
	The extracted data will be provided in tables in the main body and/or supplementary files (PDF or Word document) of the published review. 


[bookmark: _nrhl5svwm98t][bookmark: _d05voqe0xs90]Synthesis and Quality Assessment
[bookmark: _i0dppixt5rdp]Planned data transformations 
	Given study outcomes will be measured on different scales, a standardised effect size, such as Cohen’s d or Hedge’s g, will need to be used. Data transformation plans will be refined as we gain a better understanding of the included studies and their reported data during the review process. Any transformations required will be reported in the final review. 


[bookmark: _9u0tm395dpjb]Missing data 
	Some studies may have incomplete or missing data for the outcomes of interest. In such cases, the following strategies will be employed:
1. If a study reports sufficient information (e.g., means, standard deviations, sample sizes for each group), the available data will be used in the meta-analysis.
2. If a study does not report the necessary data to calculate the effect size, attempts will be made to contact the corresponding authors to request the missing information.
3. If the missing data cannot be obtained from the authors, the study will be excluded from the meta-analysis.




[bookmark: _frkhihwzh2tw]Data validation 
	The following steps will be taken to ensure that the data are correct and useful:
· Any studies with identified retractions or errata will be evaluated to determine the impact on the reported data and the appropriateness of inclusion. 
· Study authors will be contacted if there are any concerns with data validity. 



[bookmark: _mfmew26o12lr]Quality assessment 
	We will conduct quality appraisal / risk of bias assessments of the studies included in the review. 

Given the breadth of the review topic, we anticipate that studies across many disciplines will be eligible for inclusion (e.g., medicine, psychology, economics, political sciences, social sciences, criminology, and so on). As such, we have not identified an available quality appraisal / risk of bias tool which would be appropriate to apply across our wide range of studies. 

To deal with this, we will modify an existing tool (e.g., Cochrane ROB) to use in our review which assesses the key areas listed below. We will provide guidance for interpreting the criteria to ensure consistency across assessors. 

· Preregistration of study/analysis plan
· Use of reporting guidelines 
· Random allocation to groups
· Adequate sample size / power considerations
· Group differences at baseline
· Attrition reported
· Others

The following stages will be used for quality assessment:
1. The custom tool will be piloted on 5% of included studies by all authors involved in the quality assessments. 
2. The authors involved will meet after this piloting phase to discuss whether the tool and accompanying instructions require any amendments to improve assessments, recognising this can be an iterative process as the reviewers become familiar with the literature. 
3. After this, all involved authors will continue with critical appraisal of the included studies they are allocated. 

 



[bookmark: _4wza7h5jcgi0]Synthesis plan 
	The primary research question of this systematic review is: "Under which conditions do groups make more accurate judgments in wisdom-of-crowds tasks?" 

Studies will be synthesized and meta-analysed based on two main factors:

First, we will separately synthesise and analyse studies which use individuals vs. groups as the unit of analysis for the variance. 

Second, we will synthesise and meta-analyse the included studies by the described conditions of interest:
· Expertise (comparing groups of experts vs. groups of non-experts)
· Cognitive diversity (comparing cognitively heterogenous groups vs. cognitively homogenous groups)
· Opportunity for sharing judgments/feedback (comparing groups with opportunity for sharing judgements/feedback vs. groups with no opportunity to do so)
· Information (comparing groups with information aiding their judgements vs. groups without information aiding their judgements). 

For each included study, we will calculate an effect size representing the difference in accuracy between the compared groups. Some studies will manipulate multiple conditions of interest, and will therefore be included in multiple analyses, with a separate effect size calculated for each analysis (e.g. for a study manipulating both expertise and information availability, we will calculate one effect size for the expertise comparison and another for the information comparison). Appropriate effect size measures will be used to standardise the range of tasks and outcome measures we expect to see (e.g., Cohen’s d, Hedge’s g). If we cannot extract the required information for calculating an effect size, and the information cannot be retrieved from the original study authors, we will consider alternative approaches such as the use of Stouffer’s P and approaches suggested by Cochrane. Heterogeneity will be assessed using appropriate statistical tests (e.g., I2 statistic).

Other possible analyses: 
· Analyses may be conducted to examine potential differences in effect sizes based on the task complexity.
· Analyses may be conducted to examine potential differences in effect sizes based on the study field (e.g., medicine, psychology, economics, political sciences, social sciences, criminology, and so on) or on the task being conducted.
· Analyses may be conducted to examine potential differences in effect sizes based on the use of specific methods for making group judgements (e.g., Delphi technique). 

Other considerations:
Studies which do not fall into any of the conditions described above will be categorized as “other” studies and will be treated separately. We will attempt to pool similar studies where possible (e.g., where there are more than 5 studies considering the same conditions). Where this is not possible, and depending on the breadth of conditions identified, we will consider narratively synthesizing or excluding these studies.

Regarding the condition “independence”, we anticipate that we will need to narratively synthesise studies which compare group judgements that are made independently to group judgements that are made collaboratively, because the unit of analysis will vary (individual vs. group). 



[bookmark: _v8imxm1idfmp]Criteria for conclusions / inference criteria 
	The magnitude and direction of pooled effect sizes will be interpreted using established guidelines for the chosen effect size measure (e.g., Cohen's d, Hedges' g, etc). The statistical significance of the pooled effect size will be evaluated based on the 95% confidence interval and the associated p-value. Conclusions regarding the conditions under which groups make more accurate judgements will be drawn based on the results of subgroup analyses. Statistically significant moderator effects or subgroup differences will be interpreted as evidence for the influence of the corresponding conditions on the accuracy or performance of the groups.



[bookmark: _v493o4mlm71f]Synthesist blinding 
	Synthesist blinding will not be used. 



[bookmark: _jqdnv78krzgd]Synthesis reliability 
	We will not implement procedures to ensure that the syntheses are conducted independently. 



[bookmark: _o8tcqqapmhdh]Synthesis reconciliation procedure 
	Not applicable. 


[bookmark: _9ajpmmw3lubv]Publication bias analyses 
	To assess the potential presence of publication bias and its impact on the findings, the following methods will be employed:
1. A funnel plot will be constructed to visually assess the symmetry of the effect size distribution. Asymmetry in the funnel plot may indicate the presence of publication bias or other small-study effects.
2. If the meta-analysis includes 10 or more effect sizes, statistical tests for publication bias will be conducted in addition to the visual inspection of the funnel plot. For example, Egger's regression test may be used to quantify the degree of funnel plot asymmetry and test for potential publication bias.



[bookmark: _1aj0qbtajiu6]Sensitivity analyses / robustness checks 
	Sensitivity analyses may be conducted to assess the robustness of the findings to potential sources of bias or methodological variations, such as:
· Inclusion or exclusion of studies with high risk of bias/low quality.  
· Differing units of analysis (individual, group). 


[bookmark: _rt4frhk8dycu]Synthesis procedure justification 
	The extraction and synthesis procedures will ensure validity, transparency, and reproducibility of the systematic review and meta-analysis findings.
· Given study outcomes will be measured with different tasks and/or on different scales, differences between conditions will need to be standardised (e.g., using Cohen’s d or Hedge’s g). These transformations will be based on well-established statistical methods and clearly reported. 	Comment by Anthony Jorm: I think here we could say that the outcomes are going to be measured with different tasks and scales, so differences between conditions need to be standardized.	Comment by Tassia Oswald: Have added this in.
· If missing data are encountered, attempts will be made to obtain the missing information from study authors. 
· Established guidelines and conventions will inform the interpretation of effect sizes and significance levels. 
· To minimize potential biases, multiple reviewers will be involved in the study screening, selection, data extraction, and quality appraisals, with discrepancies resolved through discussion. 


[bookmark: _bm07o5vp857x] 
Synthesis data management and sharing 
	Relevant files with analysis notes and outputs will be provided as supplementary PDFs or Word Documents (depending on Journal requirements) with the published paper, with no conditions for access. 


[bookmark: _7tr4vzpmqpkg]
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