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W
hat is m

eta-analysis?

•
Invented in 1977 by S

m
ith &

 G
lass, to prove the efficacy 

of psychotherapy
–

(dozens of m
eta-analyses later, the debate is still not over!)

•
Increasing popularity and diffusion 

•
C

om
bining results of m

ultiple studies around a specified 
research question
–

T
o get an overall estim

ate of the effect

•
T

he m
ost precise form

 of literature review
, one step 

above a system
atic review

•
B

ut a m
eta-analysis is m

uch m
ore…

.



W
hat is m

eta-analysis for

H
ealth effects of soft drinks, juice and m

ilk

N
o fancy statistics, but accuracy in collecting studies

(Lesser et al. 2007, P
LoS

M
edicine)



W
hat m

eta-analysis is for

(Ioannidis et al. 2001, N
ature G

enetics)

Size of the effect

T
otal num

ber of subjects (studies)



(A
latalo

et al. 1997, N
ature)

Low
 H

 predicted
H

igh H
 possible

W
hat m

eta-analysis is for



M
eta-analysis is cool

–
H

igher-level thinking about evidence
–

A
n accurate w

ay to exam
ine the evidence, and the 

science that produced it
–

A
nd get conclusive answ

ers (hopefully)

•
B

U
T

 m
eta-analysis is not m

agic
•

(rem
em

ber the psychotherapy debate?)

–
M

ain criticism
s

•
A

pples and oranges
•

S
ubjectivity and biases

–
G

IG
O

 rule still applies
•

M
eta-analysis is only as good as w

hat goes in it
•

It has unavoidable lim
its and problem

s that m
ust be 

acknow
ledged



In this sem
inar

•
O

verview
 of m

eta-analysis procedures
•

R
isks/caveats



P
hases of a m

eta-analysis

•
P

roblem
 specification

•
S

tudy search, retrieval and selection
•

E
ffect sizes

•
C

oding of studies
•

A
nalysis

–
O

verall effect
–

H
om

ogeneity analysis
–

F
urther analyses (regression, sensitivity, splitting, 

publication bias, etc…
)

•
Interpretation



P
roblem

 specification
•

N
eeds to be precise

–
E

.g. B
ad = H

ow
 m

any scientists cheat?
–

B
etter =

 H
ow

 m
any scientists adm

it to fabrication/falsification of data 
or results, w

hen asked in surveys?
•

W
ill guide specification of eligibility criteria for:

–
S

tudy characteristics
•

T
ype of study (e.g. anonym

ous survey, not asking about opinions)
•

S
ubjects (e.g. respondents involved in publishable research)

•
R

esearch design/specific outcom
e (e.g. m

ust have “none”
category)

•
R

ange of studies: tim
e, geographical/linguistic/cultural range

•
O

ther relevant characteristics (e.g. specific funding source)
•

T
ype of publication

•
Ideally, all this should be specified in advance
–

In practice, m
ust adapt to w

hat you find in the literature
•

R
isk of bias

•
E

nsure transparent docum
entation of study retrieval

, inclusion 
criteria, selection



S
tudy search and retrieval

•
Ideally, you should have all studies ever m

ade
•

In practice, do as thorough a search as possible, 
com

prom
ising betw

een breadth and tim
e

–
E

lectronic databases (keyw
ords com

prom
ising 

betw
een generic and specific term

s)
–

E
xam

ine key review
s and journals

–
C

onferences for papers/authors of interest
–

G
rey literature databases (G

overnm
ent, P

hD
 theses)

•
C

om
e up w

ith a com
plete list of potentially 

interesting papers
–

T
itle+

abstract->
 S

elect potentially interesting studies 
(again, com

prom
ise) to retrieve

–
T

ext ->
include/exclude papers based on specified 

criteria



F
low

 diagram

P
otentially relevant studies obtained from

 
literature search (n=3276

)

S
tudies retrieved for exam

ination of 
full text (n=69)

S
tudies included in review

 (n=21)

S
tudies excluded for one of the follow

ing 
reasons (n=

48):
-D

id not have any relevant or original 
data 
-S

am
ple not exclusively com

posed of 
researchers
-M

isconduct not related to research (e.g. 
cheating on school projects)
-D

oes not distinguish fabrication and 
falsification from

 other form
s of 

m
isconduct not relevant to this review

-P
resents data only in form

at not usable 
in this review

 

S
tudies excluded because w

ere not surveys on 
research m

isconduct (n=3207)

S
tudies included in m

eta-
analysis (n=

18)

S
tudies excluded from

 m
eta-analysis 

because did not m
eet quality criteria (n=3)

42 literature databases, 14 journals, 8 grey litera
ture databases,

2 internet scientific search engines, and reference
s lists

"research m
isconduct" O

R
 "research integrity" O

R
 "r

esearch m
alpractice" O

R
 

"scientific fraud" O
R

 "fabrication, falsification" 
O

R
 "falsification, fabrication" E

xplain 
for each

(m
odified from

 F
anelli 2009, P

LoS
O

N
E

)



E
ffect size

•
T

he fundam
ental difference betw

een M
-A

 &
 S

ys. R
ev

–
M

any stop at the level of system
atic review

!
•

A
 standardized m

easure of outcom
e

–
C

ould be yes/no, favourable/unfavourable, P
-values

–
B

est w
hen encodes direction+

m
agnitude

•
W

eighted by a m
easure of precision

–
C

ould be anything, but statisticians have concluded that…
–

Inverse variance w
eight: 1/S

E
2

–
S

E
 calculated by statistical theory

–
S

E
 form

ula not available for all statistical outcom
es (e.g. 

m
ultivariable)
•

P
roportion, m

ean, pre-/post-, independent groups, correlation
•

E
xtract/convertible from

 com
m

on stats (t, chi 2, F
, regression…

)

•
T

he “art”
of m

eta-analysis is identifying the proper 
research question and strategy to get a reliable, 
standardized effect size across studies.
–

E
.g. the num

ber of scientists that do not reply 0, “never”, “none”
etc…

in surveys on m
isconduct  



E
ffect sizes calculations
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C
oding

•
Like a survey, w

ith papers in place of respondents
–

K
ey characteristics (e.g. effect size, N

, res. D
esign…

)
–

A
s m

any other possible factors
•

W
hich m

ight (but should not) affect E
S

 (e.g. year, type of test,type 
of publication, statistical significance, m

issing values…
) 

•
U

sually m
ore than one E

S
 per study

–
C

larify, record characteristics for each
•

E
stablishing of coding protocol

–
A

s objective as possible
•

D
efine each category, revise if necessary

–
R

ecom
m

ended w
hen doubtful:

•
T

w
o coders, and test for sensitivity/discuss divergence (expensive)

•
O

ptim
ize inter-coder reliability and proceed

•
C

ontroversial practices
–

G
uesstim

ate m
issing/uncertain data

–
C

onfidence ratings on each item
–

Q
uality scores
•

I w
ould avoid or at least run sensitivity analysis (W

-W
o)



A
nalysis: O

verall E
ffect

&
 forest plot (F

anelli 2009, P
LoS

O
N

E
)

(K
urm

iet al. 2010, T
horax)



H
om

ogeneity test

F
ixed effects

R
andom

 effects
A

dds
an extra variance com

p. (Q
, k, w

)

(chi-square distribution)

S
tatistically significant? T

hen…
-B

etw
een study variation is due to m

ore than sam
pling error

-Y
ou are not looking at a single population m

ean
-O

ther study factors at play
-D

o you know
 the factors? 

Larger C
onfidence Intervals

B
ut w

ith few
 studies pow

er is low
: Q

 w
ill be n.s. a

nyw
ay!

F
ixed effects assum

ptions (no study differences, al
l possible studies included)

m
ight be considered unrealistic



M
odelling w

ith
A

N
O

V
A

/R
egr. analogs

•
A

N
O

V
A

-analog
Q

betw
een

–
Q

w
ithin

–
Q

b
sig. ->

 the factor affects E
S

•
Inv. V

ar. R
egression Q

r
(var

expl) –
Q

e
(non)

–
Q

r
(variance explained) sig –>

 at least 1 term
 sig

–
Q

w
sig ->

 still study-level variance
–

Q
e

sig->
 study-level variab.

•
If Q

w
or Q

e
sig->

 m
ixed effect m

odel.
–

M
ixed effects adds random

 com
ponent after initial m

odel
•

B
utP

-values are unreliable
–

A
nd

choice of m
odel changes pow

er/error rates
–

S
ensitivity

analysis



T
he pow

er of regression

(F
anelli 2009, P

LoS
O

N
E

)



S
ensitivity analyses

•
Jackknifing

(e.g. leave 
one out)

•
D

ifferent coding criteria
•

D
ifferent coders

•
+

 excluded studies
•

P
articular publications 

•
D

ifferent transform
s

(F
anelli 2009, P

LoS
O

N
E

)



A
ssessing publication bias

•
F

unnel plot
–

subjective
•

M
odeling

–
R

egression (on w
, 1/S

E
…

)
–

F
ail safe
•

N
 of null studies that w

ould 
cancel the effect

–
T

rim
 and F

ill
•

R
ecalculate E

S
 adding virtual 

studies
–

A
ll have lim

itations, naïve
assum

ptions
•

E
nsure thorough search

•
C

om
bine

tests/sensitivity analyses

(P
alm

er, 1999, A
m

erican N
aturalist)



B
E

S
D

U
3

H
ow

 im
portant is your effect?

•
Y

E
S

, S
IZ

E
 M

A
T

T
E

R
S

! 
•

C
ohen’s 1988 convention:

–
d(st. diff. m

eans) 0.2-sm
all 0.5-m

ed 0.8-large
–

r(correlation) 0.1   0.25   0.4
–

O
dds ratios   1.5    2.5    4.5 

–
Just a convention!

•
M

ore m
eaningful if expressed in a know

n m
etric

–
W

ill depend on study question etc…

•
B

inom
ial E

ffect S
ize D

isplay (B
E

S
D

) and U
3

–
C

alculated on r
–

S
plitting sam

ple
•

T
-C

, H
igh-Low

•
S

uccess-failure

(from
 Lipsey

&
 H

urley 2009, in T
he S

A
G

E
 

H
andbook of A

pplied S
ocial R

esearch M
ethods ) 



E
ffect size E

quivalents

(from
 Lipsey

&
 H

urley 2009, in T
he S

A
G

E
 H

andbook of A
pplied S

ocial R
esearch M

ethods ) 


