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What is an effect-size?

2

A metric quantifying the direction and magnitude of an effect:
- Directly extracted from the publication, or calculated
- Common across all primary studies

Difference with the p-value?
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A metric quantifying the direction and magnitude of an effect:
- Directly extracted from the publication, or calculated
- Common across all primary studies

Difference with the p-value?

-It is possible to generate very significant p-values for effect
sizes with little practical importance and vice versa

-With enough observations, even tiny differences in parameters
become statistically significant
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An effect-size is commonly noted with the greek letter theta (θ):
- !" the ‘true’ effect-size of study k
- #!" the observed effect-size of study k

The true and estimated effect-size differs because of the sampling error:
-!" = #!" + &"

Aim of any study: to be as close as possible to the true effect size
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!" = $!" + &"Unknown Unknown

&" : Estimated through the standard error (SE).
(i.e. The standard deviation of the sampling distribution)

standard error of the mean : '( = )
* ; with n: sample size, s: standard dev.

$!" : Estimated through the mean value
(of a sampling distribution)
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!" = $!" + &"
« The perfect world »

! ~#(%, '')
A random variable Mean Standard dev.

( ~*(10, 2)
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!" = $!" + &"
« The perfect world » Experiments

! ~#(%, '')
A random variable Mean Standard dev.

( ~*(10, 2)

Estimated Mean : 10.671
SE of the mean :  0.436

20 exp. units 100 exp. units

Estimated Mean : 10.063
SE of the mean :  0.199
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The precision of the estimates increase with sample size
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Single group effect:

- Mean
- sd
- CV
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Single group effect:

- Proportion
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Proportions: (k, n)

! =
#

$
; with k: number of individuals in a subgroup and n: total sample size

<=> =
>(@A>)

$
;

BUT : ! ∈ [0,1] à logit transformation (i.e. log (odds ratio)) : D ∈ (−∞,∞) 

!EFGHI = JKLM
>

@A>
;

<=EFGHI =
1
O!

+
1

O(1 − !)
;

For ex. used in epidemiological studies

(k, n)

To be retrieved:

Negative logit : ! <0.5, 
positive logits : ! <0.5

Interpretation
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« Comparative » effect:
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Mean differences:
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18

Mean differences:

!"#$%&$$' = )* − ),; with)* 234 ), 567 8349:934235 ;<7=:>

?@AB!"#$""% = >CDDE$F
*

'&
+

*

''
;

>CDDE$F =
'&H* I&'J(''H*)I''

('&H*)J(''H*)

e.g. Cocoa agroforestry systems versus monocultures (Neither et al., 2020)

()*, 3*, >*,,
),, 3,, >,,)

To be retrieved:
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Mean standardized differences = Cohen’s d:
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Mean standardized differences = Cohen’s d:
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Mean standardized differences = Cohen’s d:

S"#$%&'%%( =
*!+*"
,#$$%&'

; with23 456 27 89: ;56<=<56458 >?:@=A

BCDEF(&)*&&+ =
(!G("
(!("

+
DEF(&)*&&+

"

7((!G(")
;

(23, 53, A37,
27, 57, A77)

To be retrieved:

SMD= 2 -> a difference
of 2 standard deviations

Interpretation

BUT bias when the sample size of a study is small, especially when n≤ 20 (L. V. Hedges 1981). 

Hedges’g* =S"#$%&'%%( X (1 − N
O(+P

)

https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/references.html
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Ratio:
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Ratio:

!"# =
"!
""
; with*+ ,-. */ 012 3-.454-.,-0 672859

log(!) = log(*+) − log(*/)

@AB = 9CDDEFG
+

H!("!)"
+

+

H"("")"
(*+, -+, 9+/,
*/, -/, 9//)

To be retrieved:
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Risk Ratio:
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Risk Ratio:
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Risk Ratio:

!"#$%&'$ = '
')* ; !"#,-.$%-/ =

,
,)0 ; log(55) = log( 7!"#$%&#

7!"'()#$(*
)

89:;<(==) = >
' +

>
, −

>
'), −

>
,)0

(A, C, D, E)

To be retrieved:
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« Association » effect:

- Correlation
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Single group effect:

- Mean
- sd
- CV
- Proportion
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Correlations:

!"# =
%!"#

%!%"
=

&'((",#)

%!%"
; with x and y two variables

=>?!" =
@A ?!"#

BAC
;

BUT : the range of proportions is restricted between 0 and 1 : problematic -> Fisher’s z

z= 0.5GHIJ
@K?

@A?
;

=>L =
1

N − 3
;

e.g. Correlation of native and exotic species richness (Peng et al., 2019)

(r, n)

To be retrieved:
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Vote counting :

Should be avoided whenever possible.
-Do not account for different weights given to each study
-Do not inform and the magnitude of the effect
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Fixed-effect model:

all effect sizes stem from a single population
-> all studies share the same true effect size

!"# = " + &#; &#~Ν(0, -#.)

The true effect size for study k is not only true for k specifically, but for all studies in our meta-analysis



How to pool effect-sizes?

35

Effect-size

Sa
m

pl
in

g
ef

fo
rt

+

-

Probability to find a certain value 
for an ecffect size for different sampling effort
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Effect-size

Sa
m

pl
in

g
ef

fo
rt

+

-

Actual value measured
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!"

!#
!$
!%

!&

Fixed-effect model:

Effect-size

Sa
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Weights !!

Fixed-effect model:

"" =
1
%"#

The usual statistical method for combining results of multiple studies is to weight studies by the amount 
of information they contribute

&'() )*++,-: /0! = 0 + 2!; 2!~Ν(0, %!9)
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!"

!#
!$
!%

!&

Fixed-effect model:
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Fixed-effect model:

The outcome of interest could have been measured in many ways. 
The type of treatment may not have been exactly the same.
The intensity and duration of treatment could differ.
The target population of the studies may not have been exactly the same for each study.
The control groups used may have been different.

BUT does not account for:

à between-study heterogeneity
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Fixed-effect model:

all effect sizes stem from a single population
-> all studies share the same true effect size

!"# = " + &#

Random-effect model:

There is a distribution of true effect-sizes

!"# = "# + &#
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Fixed-effect model:

all effect sizes stem from a single population
-> all studies share the same true effect size

!"# = " + &#

Random-effect model:

There is a distribution of true effect-sizes

!"# = "# + &#
"# = ' + (#
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Fixed-effect model:

all effect sizes stem from a single population
-> all studies share the same true effect size

!"# = " + &#

Random-effect model:

There is a distribution of true effect-sizes

!"# = "# + &#
"# = ' + (#
!"# = ' + (# + &#
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Random-effect model:

!"# = % + '# + (#

'# ~*(0, ./) !/ is the between study variance

(#~*(0, 1#)

is the overall mean (or meta-analytic mean)%

"# is the within study variance 
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Mixed-effect model:

Effect-size
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Mixed-effect model:

Effect-size
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Mixed-effect model:

« The experimental world »
!"

!#
!$

!%

« The experimental world »

Fixed-effect model:

!"

!%

« The experimental world »
&"

&'
&#

!#
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Weights !!

Mixed-effect model:

"! =
1

%!& + (&

The usual statistical method for combining results of multiple studies is to weight studies by the amount 
of information they contribute

Pour rappel : )*! = + + ,! + -! , ,! ~/(0, (&); -!~/(0, %!)
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Methods to estimates !"

Mixed-effect model:

DerSimonian-Laird (DL) (default estimator in Revman, Comprehensive Meta-Analysis, meta package)

Restricted Maximum Likelihood (REML) (default estimator in metafor package)

Paule-Mandel (PM) 

…
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Methods to better consider the distribution estimates !"
Mixed-effect model:

(a correction applicable after each of the previous mentionned estimators of !")  

- Knapp-Hartung Adjustments
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Three levels meta-analysis : 

Statistical independence of the effect sizes is one of the core assumptions when we pool 
effect sizes in a meta-analysis

BUT:

-One author could report several effect-sizes (multiples experiments, control, …)
-An overall structure of the data (Climate effect, country effect, ….)

à Nested Three levels met-analyses
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Random-effect model (2 levels):

There is a distribution of true effect-sizes

!"# = "# + &#
"# = ' + (#
!"# = ' + (# + &#

Random-effect model (3 levels):

There is a distribution of true effect-sizes

!")# = ")# + &)#
")# = *) + ((,))#

!"# = ' + ((,))# + ((.)) + &)#

*) = ' + ((.))
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Random-effect model (three levels):

!(#)%& ~((0, +(#)# ) !(#)# is the within cluster variability

,%&~( 0, -&%

is the overall mean (or meta-analytic mean).

"&% is the within study in cluster variance 

!(/)& ~((0, +(/)# ) !(/)# is the between cluster variability

01% = . + !(#)&% + !(/)& + ,&%
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Mixed-effect model:

« The experimental world »

!"
!#

!$

« The experimental world »
%"

%#
%&

!& !'
Same cluster
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Mixed-effect model:
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« The experimental world »

!"

!$

« The experimental world »
%(&)"

%(&)&

Same cluster
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Mixed-effect model:

« The experimental world »
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« The experimental world »
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« The experimental world »

!"

!$

« The experimental world »
%(&)"

%(&)&

Same cluster
ZOOM: cf diapo suivante
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!!" "## "#$
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!!" "## "#$

% # $
%(#)'

% # #
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!!" "## "#$

% # $
%(#)'

% # #

% $ #
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Mixed-effect model:

« The experimental world »
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« The experimental world »

!"

!$

« The experimental world »
%(&)"

%(&)&
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Sub-group analyses

We assume that the different effect-sizes fall into different subgroups and that
each subgroup has its own true overall effect

Possible to analyse subgroups in fixed- and random-effect models
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Sub-group analyses

Why don’t we run a separate meta-anaysis for each group?

Estimates of the various variances (i.e. !!, ..) will also differ from subgroup to 
subgroup, but could be very imprecise (when n is low)

Rather : We consider a common estimate of the between-study heterogeneity
for each subgroups (better estimated).
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Sub-group analyses

Assess if there is a true difference between the groups

Perform a statistical hypothesis test (compare the variance between vs. Within
the groups)
In meta-analyses-> Cochran’s Q test (available by default).

Interpretation : at least one subgroup is part of a different population of 
studies (or not)
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Meta-regressions:

Subgroup analyses are a special form of meta-regression

Use the value of some variable x to predict the value of another variable y, and
applied to entire studies
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Meta-regressions (mixed effect models):

!"# = % + '(# + )# + *#

! the regression coefficient

Estimated through weighted least squares (WLS)



Analysis of heterogeneity
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Remember, heterogenity impact weights (of random effect meta-analyses)
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The I² statistic describes the percentage of variation across studies that is due 
to heterogeneity rather than chance



Analysis of heterogeneity
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Mise en pratique

• library(metafor)

Results from 13 clinical trials examining the effectivess of the bacillus Calmette-Guerin (BCG) vaccine for 
preventing tuberculosis

http://stat.ethz.ch/R-manual/R-devel/library/base/html/library.html
https://wviechtb.github.io/metafor/reference/metafor-package.html


Mise en pratique

• On calcule l’effect size. Ici le log du relative risque entre vaccins 
et non vaccins 

dat <- escalc(measure="RR", ai=tpos, bi=tneg, ci=cpos, di=cneg, data=dat.bcg)

https://wviechtb.github.io/metafor/reference/escalc.html
https://wviechtb.github.io/metadat/reference/dat.bcg.html


Mise en pratique

• La nouvelle table de résultats



Mise en pratique

• An equal-effects model can be fitted to these data using the 
rma.uni() function with: 

rma(yi, vi, method="EE", data=dat)

rma(yi, vi, data=dat)

https://wviechtb.github.io/metafor/reference/rma.html
https://wviechtb.github.io/metafor/reference/rma.html


Mise en pratique

• Les résultats
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• Les résultats


