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Goals for today

• understand the relevance of research synthesis

• be able to sketch a brief history of research synthesis

• define key terms associated with research synthesis (e.g., 
systematic review, meta-analysis, protocol)

• recognize different types of research synthesis
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Why research synthesis matters…

Synthesis as a way to deal with information explosion

• rough estimates: 
• # of articles double every ~10 years
• # of journals double every ~15 years 4



Why research synthesis matters…
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Salandra, R., Criscuolo, P., & Salter, A. (2022). The power of weak signals: How systematic reviews 
direct researchers away from potentially biased primary studies. Cochrane Database of Systematic 
Reviews, 2022(11). https://doi.org/10.1002/14651858.ED000160

Synthesis as a way to deal with conflicting or bad evidence

“In addition to 
providing a summary 
of what is known 
about a given topic, 
reviews evaluate 
individual studies, 
identifying the most 
reliable ones and 
flagging those that are 
less robust.”

https://doi.org/10.1002/14651858.ED000160


Chalmers, I., Hedges, L. V., & Cooper, H. (2002). A brief history of research synthesis. Evaluation & the 
Health Professions, 25(1), 12–37.

A brief history of research synthesis

O'Rourke, K. (2007). An historical perspective on meta-analysis: dealing quantitatively with varying study
results. Journal of the Royal Society of Medicine, 100(12), 579–582.
http://doi.org/10.1258/jrsm.100.12.579

Pre-1970s
• narrative literature reviews 
• vote counting methods 
• some early forms of quantitative synthesis (medicine/vaccination: 

Pearson (1904); agriculture: Cochran (1937); physics: Birge (1932)
Post-1970s
• Origin of term “meta-analysis” (Glass, 1976)
• Textbooks: Light & Pillemer (1984), Hedges & Olkin (1985)
• Evidence-based libraries: Cochrane, Campbell
• Guidelines, guidelines, guidelines (CONSORT, PRISMA)…
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http://doi.org/10.1258/jrsm.100.12.579


A brief history of research synthesis

www.campbellcollaboration.orgwww.cochrane.org

1993 1999
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https://www.campbellcollaboration.org
http://www.cochrane.org


PRISMA-P Group, Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., et al. (2015). Preferred 
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. 
Systematic Reviews, 4(1), e1000326–9. http://doi.org/10.1186/2046-4053-4-1
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Definitions

http://doi.org/10.1186/2046-4053-4-1


Meta-analysis summarize effect sizes of several studies. Effect sizes can mean different
things (and be calculated in different ways), it can refer to either a treatment effect (e.g., the
effect of drug vs. no drug on some outcome), or a single group summary (e.g., average
correlation between two variables in a population), or a generic statistic (e.g., the average
value of one variable in the population). The actual calculations to compute an effect size
differ by type of data and study design. Manuals tend to provide a roadmap of formulas and
examples for conducting different types of meta-analyses.
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Types of research synthesis: Meta-analysis



1 Calculate an effect size and its precision for each study
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Types of research synthesis: Meta-analysis

2 Calculate a weighted average of the effect sizes across studies

A typical meta-analysis will often include the following two steps: 



Bornstein et al. (2009, Chapter 4)

1 Calculate an effect size and its precision (variance) for each study

The effect size will often be a standardised value that represents the magnitude of the
effect; the variance of the effect size captures the precision of the estimate and will be
largely a function of the sample size (see figure)
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Types of research synthesis: Meta-analysis



Bornstein et al. (2009, Chapter 11)

2 Calculate a weighted average of the effect sizes across studies

In its simplest form, the weight is a
function of the precision (variance)
associated with each study

The overall effect size across studies is
obtained by averaging the studies in a weighted
form

There are (slightly) more complex ways of aggregating studies that consider not only each
study’s precision but also between-study variance but the logic of weighted aggregation
is the same.
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Types of research synthesis: Meta-analysis



Gurevitch, J., Koricheva, J., Nakagawa, S., & Stewart, G. (2018). Meta-analysis and the science of 
research synthesis. Nature, 555, 175. http://doi.org/10.1038/nature25753 13

Types of research synthesis: Meta-analysis

http://doi.org/10.1038/nature25753
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http://www.metafor-project.org/

Types of research synthesis: Meta-analysis

http://www.metafor-project.org/
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Types of research synthesis: Scoping reviews

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., et al. (2018). PRISMA extension for scoping 
reviews (PRISMA-ScR): Checklist and explanation. Annals of Internal Medicine, 169(7), 467–473. 
http://doi.org/10.7326/M18-0850

Scoping reviews can be conducted to meet various 
objectives. They may examine the extent (that is, size), 
range (variety), and nature (characteristics) of the 
evidence on a topic or question; determine the value of 
undertaking a systematic review; summarize findings 
from a body of knowledge that is heterogeneous in 
methods or discipline; or identify gaps in the literature 
to aid the planning and commissioning of future 
research. (…) Systematic reviews are useful for 
answering clearly defined questions (for example, 
“Does this intervention improve specified outcomes 
when compared with a given comparator in this popu-
lation?”), whereas scoping reviews are useful for 
answering much broader questions (such as “What is 
the nature of the evidence for this intervention?” or 
“What is known about this concept?”). 
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Types of research synthesis: Rapid reviews

Tricco, A. C., Antony, J., Zarin, W., Strifler, L., Ghassemi, M., Ivory, J., et al. (2015). A scoping review of rapid review 
methods. BMC Medicine, 13(1), 224. http://doi.org/10.1186/s12916-015-0465-6

“Rapid reviews are a form of 
knowledge synthesis in which 
components of the systematic 
review process are simplified or 
omitted to produce information in a 
timely manner.”
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Fusar-Poli, P., & Radua, J. (2018). Ten simple rules for conducting umbrella reviews. 
Evidence Based Mental Health, 21(3), 95–100. http://doi.org/10.1136/ebmental-2018-300014

Types of research synthesis: Umbrella reviews

“Systematic reviews and meta-analyses 
aim to synthesise the findings and 
investigate the biases. However, as the 
number of reviews of meta-analyses also 
increased, clinicians may also feel 
overwhelmed with too many of them. 
Umbrella reviews have been developed 
to overcome such a gap of knowledge. 
They are reviews of previously published 
systematic reviews or meta-analyses, 
and consist in the repetition of the meta-
analyses following a uniform approach 
for all factors to allow their comparison.” 
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Stewart LA, Tierney JF. To IPD or Not to 
IPD? Advantages and disadvantages of 
systematic reviews using individual patient 
data. Evaluation and the Health 
Professions 2002; 25: 76-97. 

Tierney, J. F., Vale, C., Riley, R., Smith, C. 
T., Stewart, L., Clarke, M., & Rovers, M. 
(2015). Individual Participant Data (IPD) 
Meta-analyses of Randomised Controlled 
Trials: Guidance on Their Use. PLOS 
Medicine, 12(7), e1001855. 
https://doi.org/10.1371/journal.pmed.100
1855

“Systematic reviews 
incorporating individual 
participant data (IPD) include the 
original data from each eligible 
study.” 

Types of research synthesis: Individual participant data



Summary

• Importance of synthesis: research synthesis can be helpful in dealing with
information explosion and is crucial to quantification of summary effects and
quality assessment which are key elements of any cumulative science.

• History: research synthesis underwent progressive standardisation through the
development of terminology, institutions (Cochrane collaboration), and guidelines
(e.g., PRISMA) with the goal of increasing transparency and reduce bias (e.g.,
transparent exclusion criteria, protocols); while standardization is always work in
progress, the logic (e.g., ensuring comprehensiveness and reproducibility,
reduce bias) remains the same.

• Aggregation: the key statistical ingredient of quantitative research synthesis is
weighted aggregation in which the information from several estimates is
aggregated as a function of the confidence in each study (precision)

• Kinds of synthesis: there are different types of research synthesis available that
serve different goals: systematic reviews w/ qualitative summary, meta-analyses,
scoping reviews, rapid reviews, umbrella reviews, individual participant data, etc.
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