Example name Multiple outcomes reading and math

Effect size Standardized mean difference

Analysis type Multiple outcomes from same subjects
Level Advanced

Synopsis

This analysis uses fictional data. Each study in the analysis has one set of subjects, and these subjects
provide data for the impact of tutoring. Outcome is the standardized mean difference for the tutored
group vs. the control group. Each study reports three outcomes — the effect size (a) for reading (b) for
math (c) for music.

We use this example to show
e How to enter data for multiple outcomes within a study
e How compute a combined effect across outcomes (“What is the effect for “Achievement”)

e How to compare the effect size for different outcomes (“Is the effect larger for reading than for
math?”)

To open a CMA file > Download and Save file | Start CMA | Open file from within CMA

Download CMA file for computers that use a period to indicate decimals
Download CMA file for computers that use a comma to indicate decimals

Download this PDF
Download data in Excel
Download trial of CMA
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Start the program

e Select the option [Start a blank spreadsheet]
e Click [Ok]
e C(lick Insert > Column for > Study names

E‘ Comprehensive meta analysis - [Data]

File Edit Format !iewllnsert Identify Tools Compi
Run analyses =+ %2 [ m o 0 - ',T_)""/l:”%lv %l|®|
-
i E I. plank column Comparison names H : ! K L M N
I Copy of selected column
_1—| Outcome names
2 *— Blank row . .
——] Time point names
3 *= Blank rows
|4 Copy of selected row(s) B Effect size data
5 — Moderator variable
[ = Study T
i
8
9

The screen should look like this

E‘ Comprehensive meta analysis - [Data]
File Edit Format View Insert Identify Tools Computational options Analyses Help
Rup analyses s FH S 4 el E—=E B Lo+ v 83 @
Study name B C u} E F G H | J K ‘ L | &} ‘ N
I
2
3
4
| S|
| 6
-y
8
g

Click Insert > Column for > Effect size data

E‘ Comprehensive meta analysis - [Data]

File Edit Format Eiew|1nsert Identify Tools Computational options Analyses Help

e > % D i Y v oo

YI Blank column Subgroups within study

Study name . H ‘ | ‘ J ‘ K ‘ L ‘ ] ‘ M ‘
Comparison names

Copy of selected column

1 Outcome names
2 ¥— Blank row . -
— Time point names
3 *= Blank rows
|4 Copy of selected row(s) @m
5 — Moderator variable
3 Y= Study T
7
8
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The program displays this wizard

-

Select [Show all 100 formats] (5. Insert columns for effect size data

Click [Next]

Select [Comparison of two groups...] B} Insert columns for effect size data

Welcome

If you have alieady computed the effect size [such as the
standardized mean difference or the Log odds ratio] for
each study, you may enter this information directly.

Or, vou may provide summany data (such az the number of
events of the means and standard deviations), and the
program will compute the effect size autamatically

Use thiz wizard ta specify the type of data you plan to
enter, and the program will create the required colurnns.

The program allows you to enter effect size data in maore
than one format. You will create one set of effect size
columns now, and may add additional sets at any time:

" Show commaon formats only
@ Show all 100 formats

Click [Next]

Types of studies included

On this panel, select the lpe of studies to be included in
thiz meta analyziz. This controls the types of data entiy
options ta be displayed on the nest panel

[ unsure, select the first option, which is appropriate for

most analyzes. You will be able to return to this panel and
change the selection.

Comparizon of two groups, time-points,
of exposures fincludes corelations)

in one group &t one time-poink

o
r E stimate of means, proportions or rates
" Generic point estimates

&

Generic paint estimates, log scale

Drl” dOWn to B4 Insert columns for effect size data

Click on the icons to zelect the data entry format

Continuous (means)
Unmatched groups, post-data only

. . Q Two groups o correlation
Mean, SD and sample size in each group W@ Dichotamous [number of events)

() Continuous [means)
Qj Unmatched groups, post data only

»

[E] Mean, 50 and sample size in 2ach group |

m

[£] 5ample siz= and tvals

@ Sample size and p-value

@ Computed effect sizes
@ Conelation
@ Rates (events by person years)

© www.Meta-Analysis.com Multiple outcomes

@ Difference in means, common S0, and zample size

@ Cohen's d [standardized by pooled withinrgroups S0 and sample size

@ Means, sample size, and t-value

@ Difference in means, sample size, and tvalue | 4

[£] Means, sample size, and pvalue
2] Difference in means, sample size, and pvalue

9 Unrnatched graups, pre and post data
Q One group [pre-post] and matched groups
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The program displays this wizard
Enter the following labels into the wizard

e  First group > Treated
e Second group > Control

Click [Ok] and the program will copy the names into the grid

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Runanayses + 4 D HH & % B@E| E|'-'= R IR S IR T AN

Group-&, Group-t, Group-d Group-B Group-B Group-B Effect disction Std diff in StdEn

Study name: Mean StdDev Sample size Mean StdDev | Sample size means

Wariance

Hedges's g

Std En

12 [5. Group names

=

& Mame for frst group (s.q. Treated]

17 Mame for second group [e.g., Control]

14 Group names for cohort or prosped Ea studies

Treated
Control

2 Cancel pply |

ok |

The screen should look like this

@ Comprehensive meta analysis - [Data]

Varance

Difference

p— Std Enr Variance

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanalyses =+ % [ =

b= 00 g £ v‘¢ >+ [ 8lgl @

Treated | Treated Treated Contral Cantrol Control Effect diection Std diff in St Err

Study name: Mean | StdDev | Samplesize | Mean | StdDev | Sample size means

~a oo | oo fra | —
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Wariance

Hedges's g

StdEm

Wariance

Diftererce

a—— Std Enr Wariance
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Some (or all) studies will include data for two or more outcomes. These outcomes are based on THE
SAME subjects.

The possible outcomes are Reading, Math, and Music. We will be using multiple rows for each study,
and need a column that will identify the outcome for each row.

Click Insert > Column for > Outcome names

[ Comprehensive meta analysis - [Datal

File Edit Format View |[nsert Identify Tools Computational options Analyses Help
runanapses + % O i [ETERTTPI  Study romes o8
< Subgroups within study ”
EOESSNEN 7 | Blank column U | Eitsncesten || SEE0 || gumn || i ||bee| s@Er | Weotmes || PIEEED | guEn || ohimss
Copy of selected column Comparison names e means N Means
4 Outcome names
5 *— Blank row . ¢
2 , Time point names
= Blank rows
d Copy of selected row(s) 8 Effect size data
8 — Moderator variable
| Haw
10
11
12
13
14
15
The screen should look like this
=

[ comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computationaloptions Analyses Help

Funanavses + 0 Dol b BB F—'=S(M 88 - >+ v B =8 3@

Bated Treated Treated Contral Conitrol Cortral Std diff in 3 . . Diference
Study name I Outcome Jean SidDev | Samplesize | Mean | StdDev | Samplesize | Eifectdiection means SidEr | Variance [Hedges'sg| StdEn | Madanee | oo StdEr | Wariance

w oo o e
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Rather than enter the data directly into CMA we will copy the data from Excel

e Switch to Excel and open the file “Multiple Outcomes”
e Highlight the rows and columns as shown, and press CTRL-C to copy to clipboard

¥ d - |= Multiple outcomes2xlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Acrobat

3 iz:zy i Calibri S - A = S Wrap Text Text - ij ﬁ;‘a‘ _l_;'j jﬂ:‘ :%\ il
Pafte + Format Painter B 7 U~ EaMerge & Center = | $ - % v | %0 5% Is(:or':ndaﬂmlgalv a:(.)[;rglaet' St;eell B Im'ert De\'ete For'm:
Clipboard ] Font = Alignment ) Number = Styles Cells
Al - fe | Study name
A B | C D E F G H I J K L M N

1] Study name Outcome T Mean Ts5D TN CMean CsD CN
_ 2 |Cooper, 2008 Math 78 21 B0 70 22 78]
_ 3 |Cooper, 2008 Reading 80 22 81 72 19 B80)
i Cooper, 2008 Music 82 22 81 72 19 80|
5 |Hedges, 2006 Math 76 20 42 70 20 40|
6 |Hedges, 2006 Reading 76 19 40 68 21 a3
7 Hedges, 2006 Music 75 19 40 68 21 42
_ 8 |Lipsey, 2012 Math 76 22 102 72 22 88
_9 |Lipsey, 2012 Reading 76 20 100 70 20 90|
_10 |Lipsey, 2012 Music 77 20 100 70 20 90|
_11 |Rothstein, 2000 Math 78 13 78 70 13 82|
12 Rothstein, 2000 Reading 73 22 80 72 22 380
13 Rothstein, 2000 Music 79 22 80 72 22 80
£Wilson, 2010 Math 78 17 22 72 19 22
£Wilson, 2010 Reading 78 18 20 70 22 20

16 |Wilson, 2010 Music 75 18 20 70 22 200

17 |

13
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e Switch to CMA
e Click in cell Study-name 1

Click here

[ Comprehensive meta analysis - [Data] =

File Edit Format View Insert Identify Tools Comy fonal options Analyses Help
Runanalyses + % [0 2 74 BB E-"="E A -2+ V[ E= 8D

Treated | Trealed | Treated | Comol | Contiol Contrel Std difin . Difference
Study name M Vs | SiaDev | Sampeaze | Mean | Sabev | Samplesze | EMestdreston | SRS SWEr | varsnce |Hedgessa| SWEm | Vstnce | GUFCTET | SMEW  Variance

e Press [CTRL-V] to paste the data
e The screen should look like this

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanal}rses"%\D@n é éf: ﬁ%"’: ’E Jo.gfo'gﬁ' Jr_)+\/|:| Bl = %lil@
Study name Outcome T'L,le:;id g{gﬁ:ﬂ SaTn:E?eti?ze E';?Qgr?l Sﬁg%ﬂf SaEn?:ung!ze Effect direction S::eglgsln Std Err Wariance | Hedges's g

4 Dutcome TMean  T3D TH CMean LCSD CN
5| Cooper, 2008 Math 78.000 21.000 80  70.000 22.000 78
E| Cooper, 2008 Reading 80.000 22.000 a1 72.000 19.000 a0
7| Cooper, 2008 Music 82.000 22.000 a1 72.000 19.000 a0
8 Hedges. 2006 Math 76.000 20.000 42 70.000 20.000 40
9/ Hedges. 2006 Reading 76.000 19.000 40 £8.000 21.000 42

10| Hedges, 2006 Music 75.000 19.000 40 £8.000 21.000 42

11| Lipzey, 2012 Math 76.000 22.000 102 72000 22.000 88

12| Lipzey, 2012 Reading 76.000 20.000 100 F0.000 20.000 90

13| Lipzey, 2012 Music 77.000 20.000 100 F0.000 20.000 90

14| Rothstein, 2000 Math 78.000 19.000 78 70.000 19.000 82

15| Rothstein, 2000 Reading 78.000 22.000 80 72000 22.000 a0

18| Rothstein, 2000 Music 79.000 22.000 80 72000 22.000 a0

17| Wwilzon, 2010 Math 78.000 17.000 22 72000 19.000 2

18/ Wilzon, 2010 Reading 78.000 18.000 20 70.000 22.000 20

19/ Wilzon, 2010 Music 75.000 18.000 20 70.000 22.000 20

20
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At this point we should check that the data has been copied correctly

The column that had been called “T Mean” is now “Treated Mean”. Similarly, all columns have the

intended labels

@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanal}rses"%\Dﬁné éf: ﬁ%"’: ’E JO.STO'SH'JI_)"'\/D Bl = %lil@
Study name Outcome T'L,le:;id g{gﬁ:ﬂ SaTn:E?eti?ze E';?Qgr?l Sﬁg%ﬂf SaEn?:ung!ze Effect direction S::eglgsln StdEn Warance |Hedges'sg
4 Outeome TMean TSD TN CMean CSD CN
5| Cooper, 2008 Math 78000 21.000 80 70000 22000 78
£ Cooper, 2008 Reading 80000 22000 g1 72000 19000 an
7| Cooper, 2008 Music 82000 22000 g1 72000 19000 an
8| Hedges, 2006 Math 7E000  20.000 42 70000 20000 40
9| Hedges, 2006 Reading 7E000  19.000 40 E2000  21.000 42
10| Hedges, 2006 Music 75000 19.000 40 E2000  21.000 42
11| Lipsey, 2012 Math 7E000 22000 102 72000 22000 ]
12| Lipsey, 2012 Reading 7E000  20.000 100 70000 20000 a0
13| Lipsey, 2012 Music 77000 20000 100 70000 20000 a0
14| Rothstein, 2000 Math 78000 19.000 78 70000 19.000 a2
15| Rothstein, 2000 Reading 78000 22000 80 72000 22000 an
16| Rothstein, 2000 Music 79000 22000 80 72000 22000 an
17| wilson, 2010 Math 78000 17.000 22 72000 19.000 22
18| wilson, 2010 Reading 78000 18.000 20 70000 22000 0
19| wilson, 2010 Music 75000 18.000 20 70000 22000 0
20
e Click anywhere in Row 1 Click here
e Select Edit > Delete row, and confirm
@ Comprehensive meta analysis - [Data] \
File | Edit Format View Insett Identify Tools Computational options Analyses Help
Run: % Bookmark data =13 [N 74| r—t= =) &8 8 |':| 2+ D = = %l ii
xj
4 TMean TSD TH CMean LC5D CN | kY
g2 CoedtEm st 78000 21.000 80 70000 22,000 78
6 Copy with header 80.000 22000 81 72000  19.000 20
7 Copy entire grid 82000 22.000 g1 72000 19.000 a0
8 FEO000 20000 42 70000 20000 40
g B Paste Ctrl+V 78000 19000 40 68000 21.000 2
10 % cu ChrleX 75000 19000 40 BBOOD 21000 42
11 7E.000 22000 102 72000 22000 8
o [CARE D 78000 20000 100 70000 20.000 a0
13 77.000 20000 100 70000 20.000 90
14 Delete study X 72000 12.000 78 70000 19.000 a2
15 Delete column 72000 22000 80 72000 22000 80
16 79000 22000 80 72000 22000 80
17 Edit group names 72000 17.000 22 72000 19.000 2
18| wilson, 2010 Reading 72000 18.000 20 70000 22000 20
19| 'wilson, 2010 Music 75000 18.000 20 70000 22.000 20
20

The screen should look like this

© www.Meta-Analysis.com
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@ Comprehensive meta analysis - [Data]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Runanal}rses"%\D@né éf: ﬁ%’—’= ’E JU.STO'SH'JI_)"'\/D E = %lil@
Study name Outcome T'L,le:;id g{gﬁ:ﬂ SaTn:E?eti?ze Eli‘?ggr?l Sﬁg%ﬂf SaEn?:ung!ze Effect direction S:edal:{sln Std Err Wariance | Hedges's g
4| Cooper, 2008 tath 78.000 21.000 80  F0.000 22.000 78
5| Cooper, 2008 Reading 80.000 22.000 g1 72000 19.000 a0
E| Cooper, 2008 Fusic 82.000 22.000 g1 72000 19.000 a0
7| Hedges, 2006 tath 76.000 20.000 42 70000 20.000 40
8 Hedges, 2006 Reading 76.000 19.000 40 E2.000 21.000 42
9/ Hedges, 2006 Fusic 75.000 19.000 40 E2.000 21.000 42
10| Lipzey, 2012 tath 76.000 22.000 102 72000 22.000 88
11| Lipzey, 2012 Reading 76.000 20.000 100 70.000 20.000 90
12| Lipzey, 2012 Fusic 77.000 20.000 100 70.000 20.000 90
13| Rathstein, 2000 tath 78.000 19.000 78 70000 19.000 82
14| Rathstein, 2000 Reading 78.000 22.000 80 72000 22.000 a0
15| Rathstein, 2000 Fusic 79.000 22.000 80 72000 22.000 a0
16| Wwilson, 2010 tath 78.000 17.000 22 72000 19.000 2
17 Wilzon, 2010 Reading 78.000 18.000 20 F0.000 22.000 20
18/ wilson, 2010 Fusic 75.000 18.000 20 F0.000 22.000 20
19
an
Click File > Save As and save the file
@ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\Workshops 2\Multiple outcomes\Multiple cutcomes.cma]
File Edit Format View Insert Identify Tools Computational options Analyses Help
W = 'H S Y Ba B =E AN -V D+ VOB 83 ®
S cnol,  [lodd | et [ Jed |G [ Sam | oot | et dosion | 59300 [ s | Votoos [etgoss]
Opening screen wizard
78.000 21.000 80 70.000 22.000 78
Jmport B0.000 22000 g1 72000 19.000 a0
& save Ctrl+S 82.000 22.000 g1 72000 19.000 a0
eI 76.000 20.000 42 70.000 20.000 40
F6.000 13.000 40 EB3.000 21.000 42
& Print... Ctrl+P 75.000 18.000 40 ER.000 21.000 42
@ Print setup... 76.000 22.000 102 72000 22.000 a8
76.000 20.000 100 70.000 20.000 90
Exit 77.000 20.000 100 70.000 20.000 90
13| Rothstein, 2000 Math 78.000 19.000 78 70.000 19.000 g2
14| Fothstein, 2000 Reading F8.000 22.000 a0 72000 22.000 g0
15| Rothstein, 2000 Muisic F4.000 22.000 a0 v2000 22.000 80
16| wilson, 2010 Math 78.000 17.000 22 72000 19.000 22
17 'Wwilson, 2010 FReading 78.000 18.000 20 70.000 22.000 20
18| 'wilson, 2010 Music 75.000 18.000 20 70.000 22.000 20

19
20
!
22
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Note that the file name is now in the header.

e [Save] will over-write the prior version of this file without warning
e [Save As...] will allow you to save the file with a new name

@ Comprehensive meta analys

s - [C\Users\Michael\Dropbox\Workshops 2\Multiple outcomes\Multiple outcomes.cma]

File Edit Format View lnsemm

19
20

© www.Meta-Analysis.com
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Runanal}rses"%\D@n é éf: E%"’: ’E Jo.gfo'gﬁ' Jr_)+\/|:| Bl = %lil@
Study name Outcome T'L,le:;id g{gﬁ:ﬂ SaTn:E?eti?ze E';?Qgr?l Sﬁg%ﬂf SaEn?:ung!ze Effect direction S::eglgsln Std Err Wariance | Hedoges's g
4| Cooper, 2008 Math 78.000 21.000 80 F0.000 22.000 78
5| Cooper, 2008 Reading 80.000 22.000 a1 72.000 19.000 a0
E| Cooper, 2008 Music 82.000 22.000 a1 72.000 19.000 a0
7| Hedges, 2008 Math 76.000 20.000 42 F0.000 20.000 40
8 Hedges, 2006 Reading 76.000 19.000 40 E8.000 21.000 42
9| Hedges, 2006 Music 75.000 19.000 40 E8.000 21.000 42
10| Lipzey. 2012 Math 76.000 22.000 102 72000 22.000 88
11| Lipzey. 2012 Reading 76.000 20.000 100 F0.000 20.000 90
12| Lipzey. 2012 Music 77.000 20.000 100 F0.000 20.000 90
13| Rothstein, 2000 Math 78.000 19.000 78 F0.000 19.000 82
14| Rothstein, 2000 Reading 78.000 22.000 80 72000 22.000 a0
15| Rothstein, 2000 Music 79.000 22.000 80 72000 22.000 a0
16| Wilzon, 2010 Math 78.000 17.000 22 72000 19.000 2
17| Wwilzon, 2010 Reading 78.000 18.000 20 F0.000 22.000 20
18| Wilson, 2010 Music 75.000 18.000 20 F0.000 22.000 20
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We need to tell the program the direction for each effect size

For each study, click in the Direction column and select Auto

[ Comprehensive meta analysis - [CAUsers\Michael\Drop rkshops Z\Multiple cutcomes\Multiple outcomes.cma] =
File Edit Formst View Insert ldentify Tools Computationsl options Analyses Help
Runanayses + 0 [ & Fld &) % | BB E -'= R IAE Sl =ty
Study name Outcome T,[f:;d ;t'ja[;ﬁ g Jn;:f;i‘fze E,jggﬁ‘ sctg-"[‘)g« SEEpr;’ LE Effect dirsction Sr‘nd 'ES'" StdEn | Vaiance |Hedges'sa| StdEr | Variance ?:’;’:::: StdEr | Variancs

4 Cooper 2008 Msth RO 21000 B0 Ao 22om 8 - a2 DR 0026 oFm 0160 0126 RO a4z 1M
5 Cooper, 2008 Reading 0000 22000 5 7zO000 19.000 80 Auto 0363 0188 00z nmr 0im s so0 3z 10507
B Cooper, 2008 Music Bom zzom 51 FZoon 14000 80 At 0486 DR 0026 oam 0153 oM wom 3T 10ENF
7 Medges, 206 Msth RO 2o 42 o o 40 At 030 Dz nn4s oz Nz 014e B0 4413 1852
8 Hedges, 2006 Reading RO 13000 40 BBOO0 21000 42 futo E] 02z 0o s 0z 43 SO0 4430 13820
9 Hedges, 206 Music 7RO A0 40 EEOOD 1000 42 st 343 DZE  nosn oME 02 g 7O a4 1862

10 Lipssy, 2012 Math RO Z2oo 102 FROOD 22000 88 At 0162 D1E 0oz 1 1148 oz amm 3w s

11, Lipsey, 2012 Reading RO 20000 100 7DOOD 20.000 0 Auto 0300 0146 00z [ AT o GO0 2306 5444

12 Lipssy, 2012 Music From o 100 FooD oo 30 At 0350 D1E 0oz oma n14e ozt Tom 2806 B4

13 Rethstein, 2000 Msth 7RO 1m0 78 moon 19000 82 At 0421 DR 0026 omm 015 025 RO 3005 30

14 Rothstein, 2000 Reading TR0 22000 80 FzO00 22000 80 Auto 2 0188 00z 0271 0158 s GO0 3473 12100

15 Rethstein, 2000 Music Ao zzom B0 FROOD oo 80 At a8 D1E 00 om7  nise s Tom 34 121m

16 wiksor, 2010 Math a0 17000 22 7zoon 12000 22 st 033 paM 00% nar 02 063 GO 543 2355

17 wiken, 2010 Reading TR0 13000 0 7000 22000 20 Auto 038 Ik R A7) R R nmse S000 B3I 40400

18 Wwikor, 2010 Music 7RO 1m0 o0 momn oo 20 Mt 248 b7 mim Dzaaonan onsr SO0 B35 a04m

18

» —

il

B

© www.Meta-Analysis.com

Multiple outcomes



http://www.meta-analysis.com/

e C(Click the Merge Rows icon

The program will merge the study names for each study

@ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\Workshops 2\Multiple outcomesi\Multiple cutcomes.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help

Mn@%ﬁ%’—’=’§+‘°.3fo'gﬁv¢—)+v’|:||§|5%lil@
Tosed | Josed | e | Gond | G | o e eton | S43" | st | Vet [ et
FE.000 20,000 42 F0.000 20,000 40 Auto 0.300 0.222 0.049 0.297
Hedges, 2006 FE.000 15.000 40 BB3.000 21.000 42 Auto 0,339 0.223 0.050 0.395
75.000 18.000 40 £58.000 21.000 42 futo 0.343 0.223 0.050 0.346
FE.000 22.000 102 72000 22000 88 Auto 0182 0146 0.021 0.1&1
Lipzey, 2012 7E.000 20,000 100 70.000 20,000 90 Auto 0.300 0.146 0.021 0.299
F7.000 20,000 100 70.000 20,000 90 Auto 0.350 0146 0.021 0.349
F8.000 15.000 78 F0.000 19.000 82 Auto 0.421 0180 0.026 0419
Fiothstein, 2000 F8.000 22.000 80 F2.000 22000 80 Auto 0.273 0159 0.025 0.271
73.000 22.000 80 F2.000 22000 80 Auto 0nse 0159 0.025 037
F8.000 17.000 22 F2.000 19.000 22 Auto 0.333 0.304 0.032 0.327
F8.000 18.000 20 F0.000 22000 20 Auto 0.398 0.319 010z 0.390
75.000 18.000 20 70.000 22.000 20 Auto 0.243 0.7 0.0 0.244
The screen should look like this
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There are three effect sizes displayed

[#] Comprehensive meta analysis - [C:AUsers\Michael\Dropbox\Workshops 2\Multiple outcomes\Multiple outcomes.cma]

el

File Edit Format View Insert Identify Tools Computational options Analyses Help

Right-click in the section for Hedges’s g
Select Set primary index to Hedges's g

© www.Meta-Analysis.com

Multiple outcomes

Runanayses + 2 O FH &) & BB A '-'="S| 8@~V 2+v [ E= 43D
SEpRETD Dutcome e | e ) J;:f‘;i‘fze gl || Gl SaEn‘;T;’Z:ze Eftectrection | 9WM | gigpyr | vaiance |Hedsessa| StEn | Vasnce | DTS gigpn variance

4 Math 76000 20000 42 7000 20000 a0 Auta 0300 0222 o;ds) 0osd  non noaal  mem o ama 1952
5 Hedges, 2006 Reading 78000 19.000 40 BOO0 21000 2 futa 03es 0223 oosn| 02 SetAZ 30 1962
5 Music 75000 19.000 40 2000 21000 2 futo 0349 023 0050| 02| senza 430 19621
7 Math 76000 22000 W2 72000 22000 88 Aulo 0182 046 0o 0 1 1028
8] Lipsey, 2012 Reading 76000 20000 W 70000 2000 90 Auta 030 0148 0oz o Column properties a6 B4
] Music 77000 20000 1m0 70000 2o 90 Auta 030 0148 ooz 0 Dato enty essistant a6 B4
10 Math 78000 15000 78 70000 18000 82 Auta 0421 0160 nox| o o5 903
11| Rothstein, 2000 Rreading TRO00 22000 a0 72000 22000 80 Auto 0273 0159 0.025 g & Formules 473 12100
12 Music 73000 22000 50 72000 22000 80 Auto 0318 015  0025| 0 Show allselected indices 473 12100
13 Math 78000 17.000 2 72000 13000 22 Auta 033 030 0082 O[] ] grou ony theprimery index 1% 295
14 wison, 2010 Reading 78000 18.000 0 70000 22000 20 Auta 039 a3 oz o 6 40400
15 Music 75000 18000 0 70000 22000 D Auta 0249 0317 ool 0ls /6 40400
18 —+ Customize computed effect size displa

17

18

19

£

2
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e To run the analysis, click [Run analysis]

|E| Comprehensive meta analysis - [C:\Users\Michael\Dropbox\Workshops 2\Multiple outcomesi\Multiple cutcomes.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Run analyzes —+ %\ D Dr’ E @ 3{: E ﬁa L 'E 40.3 fo'g H hd Jr - + \/ D El = %i ii @
T (utcoms T;‘,le:;id gt[g_a[;:a SaTn:E?;Z?ze E'i‘?ggr?l SEES%[SL Sa%?:?gg!ze Effect direction qudegl:jsm Std Err Wariahce | Hedges's g

4 Math 76.000 20.000 42 70000 20.000 40 Auta 0.300 0.222 0.049 0.297
5/ Hedges, 2006 Reading 76.000 18.000 40 EB.000 21.000 42 Auta 0.333 0.223 0.050 0.3395
B Music 75.000 18.000 40 EB.000 21.000 42 Auta 0.349 0.223 0.050 0.346
7 Math 7E.000 22.000 102 72000 22.000 88 Auta 0182 0.148 0.021 0181
8| Lipzey, 2012 Reading 76.000 20.000 100 70.000 20.000 90 Auta 0.300 0.146 0.021 0.293
9 usic 77.000 20.000 100 70.000 20.000 90 Auta 0.350 0.148 0.021 0.343
10 Math 78.000 18.000 78 70000 19.000 82 Auta 0421 0.160 0.026 0.413
11| Rathstein, 2000 Reading 78.000 22.000 80 72000 22.000 80 Auta 0.273 0.159 0.025 0271
12 Music 75.000 22.000 80 72000 22.000 80 Auta 0318 0.159 0.025 0.317
13 Math 78.000 17.000 22 72000 19.000 22 Auta 0.333 0.304 0.092 0.327
14 Wilzon, 2010 Reading 78.000 18.000 20 70000 22.000 20 Auta 0.338 0.319 0102 0.390
15 Music 75.000 18.000 20 70000 22.000 20 Auta 0.249 0317 010 0.244
16
17

The issue we need to address when working with multiple outcomes is the fact that the outcomes are
not independent of each other, and therefore do not contain independent information

If we compute an effect size for math only, or for reading only, or for math and reading separately, the
effect size and its variance are valid. But, if we compute an effect size based on math and reading, a
variance that is based on the combined sample size (counting each subject once for math and again for
reading) overstates the amount of information contained in the data, over-estimates the precision of
the summary effect and under-estimates the variance.

We can see how this plays out in the analyses that follow.

© www.Meta-Analysis.com
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By default the program picks one outcome for each study. Since each study had a row for math, the
program is showing an analysis for Math only.

E Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry 13 Next table I+ High resoiution piot | [ Selectby .. | -+ Effectmeasure: Stddiffinmeans =[S []||SE 7|3+ E F ||t @
Model Study name Outcome Statistics for each study Std diff in means and 95% CI
Stddiffin | Standard 5 - .
IS I Wariance | Lower imit | Upper mit | Z4/alue pWalue -2.00 -1.00 0o0o 1.00 200
Cooper, 20038 Math 037z 0180 0.028 n.osa 0.Ea7 238 0.020 —
Hedges, 2006 Math 0.300 0:zzz 0.043 0135 0.735 1.350 0177 —_
Lipsey, 2012 Math nig2 0146 n.0z1 0104 0.468 1.247 nz12 e
Rathstein, 2000 Math 0421 0180 0.028 n10g 0734 2633 0.003 —
ilzon, 2010 Math 0333 0304 0.032 -0.262 0928 1.096 0273 e s —
Fired 0315 0.080 0.008 0158 0472 2935 0.000 ==

We can run an analysis for math only (that is, selecting math for studies that report an effect size for
math, and omitting studies that do not)

Right-click on the Outcome column and click [Select by outcome]

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computstional options Analyses Help

+ Data entry 173 Hext table :{— High resolution plot % Select by ... | =+ Effect measure: Std diff in means < |E| I:‘ EE TT :t- E :E Jj @
fdadel Study name Outcome Statictics for each study Std diff in means and 95% C|
Std diffin | Standard 2 - -
neans J Varance | Lower limit | Upper limit | Z4alue palue -2.00 -1.00 0.00 1.00 200
Cooper, 2008 Math 0372 01&0 002 0058 0687 238 n.oao —
Hedges, 2008 M ath 0300 0z 0.049 0135 0735 1.350 0177 I e
Lipsey. 2012 Math n1sz 0146 0021 0104 0.468 1.247 021z T
Rothstein, 2000 Math #] Sort Lo-Hi by Outcome 002 n10g 0.734 2633 0.0 —_—
wilson, 2010 M ath ; . n.0sz 0262 0.3z 1.096 0.z73 —_—
Fired £4 Sort Hi-Lo by Outcome 0.005 0.158 0.472 3935 0.000 -
2| Select by Outcome
"8 Set decimals R
= Align 3
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Select Math

E‘ Comprehensive meta analysis - [Analysis]
File Edit Format Wiew Computational options Analyses Help
+ Data entry 13 Next table - High resolution piot ‘ [ Select by | ~ Effect measure: Std diff in means -EE| == TTEE ¥ ‘ % @‘
Model Study name QOutcome ” tatistics for each study ‘
St diff in Slanj [ Selectby ..
Cooper, 2008 Math msag.;?z T Studies 1 Uulcnmesl Moderator
Hedges, 2008 Math 0300 Include the following outcomes
Lipsey, 2012 Math 018z
- o s |
e 0315 [ Reading
For studies with multiple cutcomes
" Use the mean of the selected outcomes
7 Use all of the selected outcomes, assuming independence
@ Ize the first outcome, based on this sequence
e |
taove dovin
Cancel
Apply
Ok
M Random | Baoth models
Basic stats | One study removed | Curulative analysis Calculations
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The program shows an analysis for Math.

Note that the variance for the summary effect is 0.006

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help
+ Data entry 3 Next table - High resolution piot | [gh Selectby .. | + Effectmeasure: Stadiffinmeans - [E|[]|SE T E F| & B
Model Study name Outcome Statistics for each study Std diff in means and 953 C1
Std diff in | Standard .
means s “ariance | Lower Imit | Uppermit | Z¥alue palue -2.00 -1.00 0.00 1.00 2.00

Cooper, 2008 Math 0372 0.1e0 0.0z 0.058 0687 2318 0oz0 —
Hedges. 2006 Math 0300 0222 0.043 0135 0736 1360 0177 —_
Lipsey, 2012 Math nisz 0146 0.021 0104 0.468 1.247 n21z -
Rathstein, 2000 Math 0421 0160 0.026 0108 0734 2E33 0.008 —_—
wilson, 2010 Math 0333 0.304 (0.092 -0.262 0.928 1.0% 0.273 —_—

FRandarn 0315 0.080 0.006 0158 0.472 3935 0.000 —

Fived |{F: Both madels

Basic stats | One study removed Cumulative analysis Calculations
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Follow the same steps to run an analysis for Reading

Note that the variance for the summary effect is 0.006

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

© www.Meta-Analysis.com

Multiple outcomes

+ Data entry +3 Next table I+ High resolution piot | [ghy Selectby .. | + Effectmeasure: Stddiffinmeans  ~|E|[]|EETT|HE F| & @&
todel Study name Outcome Statistics for each study Std diff in means and 5% CI
Std diff in | Standard
2T i “Warance | Lower imit | Upper imit | Z-Value pValue -2.00 -1.00 o0.oo 1.00 200

Cooper, 2008 Reading 0383 01539 0.025 0.077 070 2445 0014 —
Hedges, 2006 Reading 03939 0223 0.050 -0.038 0.836 1.788 0.074 T—
Lipsey, 2012 Reading 0.300 0146 0.021 noi4 0.586 2053 0.040 ——
Rathstein, 2000 Reading 0.273 0153 0.025 0033 0.624 1717 0.026 —
wilson, 2010 Reading 0338 0313 n10z 0228 1.024 1.246 0213

Random 0335 0.080 0.006 0178 0452 4177 0.000 —

Fized | Random | Both models

Basic stats | One study removed Curmulative analysis Calculations
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Suppose we want to run an analysis for math and for reading

e Check Math
e Check Reading
e Uncheck Music

e Select Use all of the selected outcomes, assuming independence

As we shall see momentarily, this analysis, which includes information from both math and reading, is
incorrect. We need to split this into two separate analyses.

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry 3 Nexttable - High resolution piot | [y Selectby .. | 4 Effect measure: Stagitfinmeans -S| []|ZEITFE F & &)
Madel Study name Outcome Statistics for each study Std diff in means and 95% Cl
A A A
Stddiffin | Standard . " A
neans arror Wariance | Lower limit | Upper limit | Z4alue E3 Select by .. &J

Cooper,  Math- 0.372 0160 0.025 0.058 0.687 23N opgies 1§ T Moderator
Cooper, Reading 0.383 0153 0.025 0.077 0.701 2.44 - :
Hedges,  Math 0.300 .22z 049 0135 0.735 135 | Include the following outcomes
Hedges, Reading 0.399 0.223 0.080 0.038 0.836 1.78
Lipsey, Math 0182 0146 0.021 0104 0.468 124 Select all
Lipsey. Reading 0.300 0.146 0.021 0.014 0.586 205 math
Fiothstein, Math 0.421 0.160 0.025 0.108 073 263 e Ceailal
Rothstein,  Reading 0273 0153 0025 0033 0534 17 eading
Yafilson, Math 0.333 0.304 n.naz 0.262 0.928 1.04
Yifilson, Reading 0.398 019 0102 0.228 1.024 1.24

Fixed 0.325 0.057 0.003 0.214 0.436 5.73

For studies with multiple outcomes
" Use the mean of the selected autcomes
& Use all of the selected outcomes, assuming independence

™ Use the first outcome, based on this sequence

Cancal
Apply
Ok

Fixed | Random | Both models

Basic stats | One study removed Curnulative analysis Calculations
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Select Computational options > Mixed and random effects options

@ Comprehensive meta analysis - [Analysis]

File Edit Format View | Computational options Analyses Help
+ Data entry +3 ne + Effect measure ¥ pelectby.. + Effectmeasure: Stadiffnmeans  ~|[E]||]|E2ETT+E F||: @
[ 1 Cllevel 95% 3
todel Study name Statistics for each study Std diff in means and 95% Cl
g select by ...
% T~ ariance | Lower limit | Upper limit | Z-Value palue -2.00 -1.00 0.00 1.00 200
Cooper, M. Compare groups 0.026 0.058 0.E87 2318 0.0z0 —_—
Cooper, J " " 0.025 0077 0.7m 2445 o4 —_—
(TISIONGRII | viiced and random ffects options . LB 0FE 1m0 0w g
Hedges,  Reading 0393 0.2 0.060 0038 0.836 1788 n.074 —
Lipzey, Math n1sz 0146 0.0 0104 0463 1.247 naz B
Lipzey, FRieading 0300 0146 0.021 nm4 0.586 2053 0.040
Rothstein,  Math 041 0160 0.026 n1og 0.734 2633 n.0og
Fothstein,  Reading 0.z73 0.153 0.025 0.039 0.584 1717 0.086
wfilson, Math 033 0.304 0.0z 0.262 0323 1.036 0.273 e —
Yfilson, Fieading 0338 0313 010z 0.228 1.024 1.246 0213
Random 0325 0.057 0.003 0.214 0.436 8,736 0.000
I “ d . ”
Select “Do not assume a common among-study variance
E Comprehensive meta analysis - [Analysis]
Eile Edit Fgrmat View Computational options Analyses Help
+ Data entry 3 Next table 3 High resolution piot | [y Selectby .. | -+ Effect measure: Stddiffinmeans  |*|[E][]|SETT|HE F ||t @
Madel Study name Outcome Stalistics for each study Std diff in means and 95% Cl
Std diff in | Standard B -
(2508 i Variance | Lower limit | Upper limit | Z4alue b M‘ - L ; ': = ﬁ‘s"" " non 100 il ~
Cooper.  Math ik 0160 0026 0058 0687 2 il Rreedandiandomietiectopton =
Cooper, Reading 0389 0159 0.025 0.077 0.701 2.44f
Hedges,  Math 0.300 0.222 0.043 0135 0.735 1.35 Combining studies within a subgroup
Hedges, Reading 0359 0223 0.050 0038 0.836 1.78
Lipsey, tath n1a2 0146 001 0104 0468 1.24] Azsume & common among-study variance component acioss subgroups
Lipzey, Reading 0300 0146 0.0 no4 0586 2.05: [pool within-group estimates of tau-squared)
Rothstein,  Math 0.421 0,160 0.026 n.og 0.734 263
Rathstein,  Reading 0273 0153 0025 0033 0534 17 & Do not assume a common among-study variance component across subgioups (do;
wilsan, Math 0333 0.304 0032 262 0828 1.0 red), This is the option used by RevMan.:
Wiksan, Reading 0.398 0319 0102 0.228 1.024 1.241
Random 0.325 0.057 0.003 0.214 0.438 5.73

© www.Meta-Analysis.com

Combining subgroups to yield an overall effect
% Combine subgroups using fived effect model

" Combine subgroups using random effects model

Cancel

Apply Ok

Multiple outcomes
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Select Computational options > Group by > Outcome

Leave the two check-boxes unchecked

@ Comprehensive meta analysis - [Analysis]

File Edit Fermat View | Computational options Analyses Help

EOEETTHE £l @

+ Data entry +3 Ne + Effect measure ¥ lelectby .. | =~ Effect measure: Sid diff in means
[ 1 CIlevel 95% 3
todel Study name Statistics for each study
B Select by ...
% rriance Lower limit | Upper limit | Z-alue palue
Cooper. M Compare groups 0,026 0.058 0887 2718 0.020
Cooper, Rt 0.02s 0n#s 07m 2445 0074
Hedges, M, & Mixed and random effects options n0sg 013 073 1.350 0177
Hedges, Reading 0.339 0.223 0.050 nnae 0836 1.788 0074
Lipsey. Math 0182 0.146 0.021 0104 0468 1.247 0212
Lipsey. Reading 0.300 0.146 0.021 o4 0536 2083 0.040
Rothstein,  Math 0.421 0.1&0 0.026 nioe 0734 2633 0.002
Rothstein,  Reading 0.273 0.159 0.025 0033 0584 1717 0.036
Wilson, Math 0.333 0.304 0.0s2 0262 049za 1.096 0.273
Wilson, Fieading 0.333 0.319 o102 0228 1.024 1.246 0213
Fized 0.325 0.057 0.003 0214 0.436 5.736 0.000

Std diff in means and 952 CI

-2.00 -1.00 0.00 1.00

200

E Comprehensive meta analysis - [Analysis]

Eile Edit Fgrmat View Computational options Analyses Help

© www.Meta-Analysis.com

+ Data entry 3 Next table 3 High resolution piot | [y Selectby .. | -+ Effect measure: Stddiffinmeans = [E|[]|SETT|HE F ||t @
Madel Study name Outcome Stalistics for each study Std diff in means and 95% Cl
Std diff in | Standard - -
(2508 i Variance | Lower limit | Upper limit | Z-4alue pWalue -2.00 -1.00 0.oa 1.00 2.00

Cooper, tath 0372 0160 0.026 0.058 0687 2318 0.020 —_—
Cooper, Reading 0389 0159 0.025 0.077 0.701 2445 00ot4 —
Hedges, Math 0.300 0.2z22 0.043 0135 0,734 1.350 077 -T—
Hedges, Reading 0359 0223 0.050 0038 0.836 1.788 0.074 —
Lipsey, tdath 0182 0148 0.0 0104 0.468 1.247 0212 T
Lipsey, Reading 0.300 0,146 0.021 00ot4 0.586 2, Iy
Fothstein,  Math 0421 0180 00z 08 oy oz B Groupby. il
Rathstein,  Reading 0.273 0159 0.025 0039 0584 1
‘wikson, tdath 0333 0.304 0.052 0.262 0428 1 Run a separate analysis for each level of .
Wiksan, Reading 0.398 0319 0102 0.228 1.024 1.

Fived ik nos7 [iRuic] 0214 043 5 [Dutcome |

[ &lsorun analysis across levels of outcome

I~ Eompare effect o diterent levels of autcoms

Cancel Reset Ok

Multiple outcomes
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|E| Comprehensive meta analysis - [Analysis]

Eile Edit Format View Computational options Analyses Help
+ Data entry +3 Next table I High resolution plot | [gy Selectby .. | 4 Effect measure: Stddiffinmeans =S| [ | S2ETT|E F| & @
Model g:ﬁzsrﬁg Study name Outcome Statistics for each study Std diff in means and 95% Cl
Stddiffin | Standard q i .
means aror Warance | Lower limit | Upper limit | 2V alue p¥alue -2.00 -1.00 0.00 1.00 2.00

Math Cooper, Math 0372 0160 0028 0.053 0.E87 238 0.020 —
Math Hedges,  Math 0.300 nzzz 0.043 0135 0735 1.350 0.177 -
Math Lipsey, Math 0182 0146 0.021 0104 0.458 1.247 0212 T
Math Rathstein,  Math 0.421 0160 0.026 0108 0.734 2633 0.008 —
Math Wilson, Math 0333 0304 0052 0262 0.5za 1.096 0.273 —_—

Random  Math 0318 0080 0.008 0158 0.472 24935 0.000 ==
Readng  Cooper, Reading 0383 0153 0028 0.07? 0701 2445 0.014 —_—
Readng  Hedges,  Reading 0333 0223 0.0s0 -0.033 0.838 1.788 0.074 —
Reading Lipsey. Reading 0.300 0.146 0.021 0.014 0.586 2053 0.040 ——
Reading Rathstein,  Reading 0.273 0189 0025 0.0323 0.584 1.717 0.086 ——
Readng  Wilson, Reading 0358 0318 010z 0228 1.024 1.246 0.213

Random  Reading 0.335 0.020 0.008 0178 0.452 4177 0.000 ==

The analysis for math is the same as the one we saw before, with a variance of 0.006
The analysis for reading is the same as the one we saw before, with a variance of 0.006

Each of these analyses is valid, as the variance is based on the actual number of students in the studies.

However, consider what happens if we also compute an overall effect size

© www.Meta-Analysis.com
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Click Computational options > Group by

Add a check-mark as shown

[ Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

© www.Meta-Analysis.com

V' Bso un analysis acioss levels of nutcome:

[~ Compare effect at different levels of outcome

+ Data entry 3 Next table ¥ High resolution piot | B Selectby . | + Effectmeasure: Stdditfnmeans  ~[E[[] EETT|&HE F || & @&
Model g:flggn?g Study name Outcome: Statistics for each study Std diff in means and 95% CI
Std diff in | Standard 3 - -
2508 s Wariance | Lower limit | Upper limit | Z-Value pWalue -2.00 -1.00 0.00 1.00
Math Cooper, Math 0.372 0160 0.026 0.058 0.687 2318 0.020 —
Math Hedges,  Math 0.300 0.222 0.043 0135 073 1.350 0177 —
Math Lipsey. Math 0182 0146 0.021 0104 0.468 1.247 0.212 —
Math Rothstein,  Math 0.421 0160 0.026 008 0.734 2633 0.008 —
Math wilson, Math 0.332 0.304 0.092 -0.262 0.928 1.0% 0.273 —
Random  Math 0.318 0.080 0.006 0158 0f £% Iy
Fieadng  Cooper.  Fieading 039 018 005 oo ) O Groueby.
FRieading Hedges, FRieading 0399 n2z3 0.0sa -0.038 i}
FRieading Lipsey. FRieading 0300 0146 o021 [ ES ik Run a separate analysis for each level of ...
FRieading Fothstein,  FReading 0273 0159 n0zs -0.039 0.
FRieading Wilson, FRieading 0398 0319 010z 0228 1. ‘ Outconne j
Random  Reading 0.335 0.080 0.006 0178 0.

Cancel Fieset

Ok

Multiple outcomes
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|E| Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry 17 Next table - High resolution piot | [l Selectby .. | <+ Effect measure: Std diffin means  + IE‘ D EE TT + E ¥l @
Model g[ﬁgg’_ﬁé Study name Outcome Statistics for each study Std diff in means and 95% CI
B difin | Standard |y ince | Lonerfinit | Upperimit | ZVahe | pYake | 200 1.00 000 100 200

tath Cooper, tdath 0.372 0160 0.026 0.058 0.687 2318 0.0z20 —
tath Hedges, tdath 0.300 0222 0.043 0135 0735 1.350 0177 o
ath Lipsey. tath 0182 0146 0021 0104 0.462 1.247 n.z212 T
Math Rothstein,  Math 0.421 0160 0.026 010e 0.734 2833 0.002 —_—
ath Wilzon, tath 0333 0.304 0092 0.262 0.92a 1.096 0.273 —_—

Fiandom tath 0.315 0.030 0.008 0152 0.472 3835 0.000 ==
Fieading Cooper, Fieading 0.389 0153 0.025 0077 0.7 2445 0014 —_—
Fieading Hedges, Fieading 0.399 0223 0.050 0038 0.836 1.788 0.074 T
Fieading Lipsey, Fieading 0.300 0146 0.0 004 0.586 2053 0.040 ——
Fieading Raothstein,  Reading 0.273 0153 0.025 -0.039 0.584 1.717 0.086 ——
Reading Wilson, Reading 0.398 0319 0102 -0.228 1.024 1.246 0213

Random Reading 0.335 0.080 0.006 01va 0.4592 4177 0.000 —

Fiandom Overall 0.325 0.057 0.003 0214 0.436 5736 0.000 ==

The program now computes the overall effect size. Where the variance for reading was 0.006 and the
variance for math was 0.006, the variance for the overall effect is shown as 0.003.

This would be the correct value if the math studies and the reading studies were based on different sets
of students, and (it follows) the correlation between the two effect sizes was zero. Indeed, this is the
assumption that we made when we said “Assuming independence”. However, it’s very unlikely that this
assumption is valid. To the extent that the true correlation us greater than 0.0, the information
provided by math will overlap with the information provided by reading, and the true variance will be
greater than 0.003. In the extreme, if the actual correlation is 1.0, the true variance will be 0.006.

As we see here, when we assume independence the program assumes the correlation between effect
sizes for math and reading is 0.0. We can also tell the program NOT to treat these as independent, but
rather to compute a composite score for each study (using the mean of math and reading), assuming
that the correlation between them is 1.0.
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First, turn off grouping

[5] Comprehensive meta analysis - [Analysis]

File Edit Formst View Computstional options Analyses Help
+ Data entry +3 Nexd table - High resolution plot | [h Selectby ... | + Effect measure: Stadiffinmeans  ~|[E]|[] TTHE X2 @
Model | OOPEY | ohgy name | Dutcame Statisics for sach study Stel dif in e and 8522 1
Std diff in | Standard 3 ¢ -
e e Wariance | Lower limit | Upper imit | 24 alue p¥alue -2.00 -1.00 000 1.00 2.00
Math Cooper, Math 0372 0160 0.026 0.058 0E87 218 0020 —
Math Hedges, HMath 0200 0222 0.043 0135 073E 1250 0177 -
ath Lipsey, Hath 0182 0146 ooz -0.104 0468 1247 nz12 T
Math Rothstein,  Math 0421 0160 0.026 0108 0734 2633 0.008 —
Math Wilson, HMath 03233 0204 002 -0.262 0g9z2 1.096 0.273 o e —
Randam Math 0g 0020 0.008 0152 0r E il
Reading  Cooper,  Pssding 033 o018 005 ooy of B Greupby.
Reading Hedges, Reading 0333 0223 0.050 -0.038 0
Reading Lipsey, Reading 0200 0146 oo 0.014 0 Run a separate analysis for each level of ...
Reading  Rothstein, Reading 0273 0153 0.025 -0.033 0
Reading Wikson, Reading 0338 ns oto2 -0.228 1
Fiandom Reading 03235 0020 0.008 0172 a
Randam Overall 0.325 0.0s7 0.003 0.214 1
Cancel Rsset Ok
E Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+ Dala entry 3% Next table % High resolution pliot | [Eh Selectby .. | = Effectmeasure: Stddiffinmeans  ~|[E]|[ ] |22 TT|HE ||t @
Model Study hame Outcome Statistics for each study Std diff in means and 95% Cl
Std diffin | Standard q . -
neans arrar Varance | Lowerlmit | Upperlmit | Z-4alue palue -2.00 -1.00 0.00 1.00 2.00
Cooper, Math 037z 0.1E0 0.026 0.058 0.687 238 nozag —_—
Cooper, Reading 0383 0153 0.025 0077 0.7m 2445 0014 —_—
Hedges, Math 0.300 0.2z22 0.043 0135 0735 1.350 0177 R —
Hedges, Reading 0399 0.223 0.080 -0.038 0.838 1.788 0.074 —
Lipsey, Math 01z 0145 o021 -0.104 0.468 1.247 0212 -—
Lipsey, Reading 0.300 0148 0021 0.4 0.588 2053 0.040 —
Rothstein,  Math 0.421 0160 0.026 0108 0.734 2633 0.008 —
Rothstein,  Reading 0.273 0159 0.025 -0.039 0.584 1717 0.086 —
Yfikson. Math 0333 0.304 0.092 -0.262 0.928 1.098 0273 —_—
Wilson, Reading 0.398 0319 0oz -0.228 1.024 1.248 0.213
Random 0.325 0.057 0.003 0.214 0.436 5.736 0.000 —

We see that the variance, based on a correlation of zero between effects for math and effects for

reading, is still 0.003
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Click Select by Outcome

@ Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help
+ Data entry 3 Next table - High resoution piot | [y Selectby .. | + Effect measure: Stadiffinmeans  ~|[E]|[]|EETTHE F |1 &
Model Study hame Outcome Statistics for each study Std diff in means and 95% CI
Std diffin | Standard .
means iror Wariance | Lower limit | Upper lmit | 24/ alue pValue -2.00 -1.00 0.00 1.00 2.00
Cooper. tdath 0.372 0.160 0.028 0.058 0687 2318 0.020 —
Cooper. Feading 0389 0159 0025 0.077 0.7m 2445 004 —_—
Hedges., ath oo M 0.043 0135 0735 1.350 0177 o
#| Sort Lo-Hi by Outcome
Hedges, Reading 2 il 0.050 -0.038 0.838 1.788 0.074 T
Lpssp.  Math  Z| SortHi-Le by Qutcome 0021 -0.104 0.468 1.247 0212 T+
Lipsey. Reading 0021 ood 0.586 2053 0.040 —
YT VL | Sclcctiby Olitcome 0.028 0108 0.734 2633 0.008 —
Fiothstein, Feading %5 Set decimals 0025 -0.033 0.584 1717 0.088 ——
Wilsan, ath B Align 0032 -0.262 0.928 1.096 0.273 e
Wilzan, Reading — 0102 -0.228 1.024 1.246 0.213
Randaom 0.325 0.057 0.003 0.214 0.436 5736 0.000 —
Check math
Check reading
Un-check Music
Select Use the mean of the selected outcomes
|E| Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+ Data entry 13 Next table T High resolution plot | [ Selectby ... | + Effect measure: Std diff in means STIHE F||t @
adel Study hame Outconme Statistics for each study Std diff in means and 95% Cl
Std diffin | Standard ) - ]
e o Variance | Lower limit | Upper imit | Z4alue palue =200 -1.00 0.00 100 oo | .
Cooper,  Math 0372 0160 0.02 0.058 0.687 2318 0.0z20| B3 Selectby .. [
Cooper, Reading 0383 0153 0.02s 0.077 07m 2445 0014 Studies | Dutcomes | Moderatar
Hedages, Math 0.300 nzz22 0.049 0135 0735 1.350 0177
Hedges,  Reading 0,299 0,223 0080 00 0836 1.788 0074 | Include the following outcomes
Lipsey, Math 0182 0146 0.0 0104 0.468 1.247 0212
Lipsey, Reading 0300 0146 0.021 o4 0586 2.063 0.040 Math Select all
Rothstein,  Math 0421 0160 0.026 0108 0734 2533 0.008 0 Ma'_
Rolhstein,  Reading 0273 0159 0.025 0039 0584 1717 0086 n ”S::_ Clear all
Wilson,  Math 0333 0304 0.032 0262 0928 1.096 nz73| | | 4 Peading
wilson,  Reading 0338 0313 0.102 -0.228 1.024 1.245 0213
Random 0325 0.057 0.003 0214 0.435 5736 0.000
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|E| Comprehensive meta analysis - [Analysis]

© www.Meta-Analysis.com

File Edit Format View Computational options Analyses Help
+ Data entry £ Next table I+ High resolution piot | [gh Selectby ... | -+ Effect measure: Stddiffinmeans  ~|[=]|[] IT+E Fllz @
Maodel Study name Outcome Statistics for each study Std diff in means and 957 Cl
Std diffin | Standard
EETD st Wariance | Lower imit | Upper limit | Z-Value pValue =200 -1.00 0.00 1.00 200
Cooper, Combined 0.381 0160 0.026 0.067 0.634 2381 0017 —
Hedges,  Combined 0.350 0.223 0.050 -0.087 0.788 1.570 0116 T
Lipsey. Combined 0241 0148 0.021 -0.045 0.527 1.651 0.093 —
FRothstein,  Combined 0.347 0153 0.025 0.035 (0.659 2177 0.020 —
“wilson, Combined 0.365 0312 0.097 0.245 0.978 1173 0.241
Random 0.325 0.080 (0.008 0.168 0.482 4.059 0.000 —
[ Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+ Data entry 13 Next table I High resolution plot | [Eh Selectby ... | - Effect measure: Stddiffnmeans  ~|E]|]|SE T+ E F| & @
todel Study name Outcome Statistics for each study P L bl diff in means and 352 C1 \
Selitn | Sk Wariance | Lower limit | Upper limi oty
means s Studies | Dutcomes | Moderator
Cooper, 2008 Reading 0.383 0159 0.025 0.077 0.70)
Hedges, 2006 Fieading 0339 0223 0.050 -0.038 0.83| | Include the following outcomes
Lipsey, 2012 Reading 0300 0146 oo21 0om4 058
Rothstein, 2000 Reading 0273 0153 nnzs -0.033 058 Math Select all
Wilso, 2010 Reading 0338 013 0102 -0.228 1.02
Rand 035 om0 oms  owe  oad| o M Elear al
andam . . . Feading
For studies with multiple outcomes
" Use all of the selected outcomes, assuming independence
" Use the first outcome, based on this sequence
Cancel
Apply
Ok
\
Fised | Random | Both models

Multiple outcomes
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E Comprehensive meta analysis - [Analysis]

File Edit Format View Computational options Analyses Help

+ Data entry 17 Nexttable - High resolution piot | [Eh Selectby ... | -+ Effectmeasure: Stadiffinmeans - [E| ] SETTHRE F| &t @

Madel Study name DOutcome Statistics for each study St diff in means and 95% CI
Stddiffin | Standard
E=Te i Variance | Lower imit | Upper limit | Zalue pValue -2.00 -1.00 0.00 1.00 2.00
Cooper, 2008 Combined 0.381 0160 0.026 0.067 0,694 2381 omz —_—
Hedges, 2006 Combined 0.350 0.223 0.050 -0.087 0.786 1570 016 T
Lipsey, 2012 Combined 0.241 0.146 0.0z1 -0.045 0.527 1.651 0.099 T
Rothstein, 2000 Combined 0.247 0159 0.028 0.038 0.659 2177 0.030 ——
Wikson, 2010 Cornbinged 0.365 03z 0.097 -0.245 0976 1.173 0241
Random 0.325 0.080 0.006 0162 0482 4.059 0.000 ——

Fized | Random | EBoth models

Baslcslals One study removed Curnulative analysis Calculations

> The program computes a composite score for each study using the mean of reading and math

» The program assumes that the correlation between reading and math is 1.0, and so the variance
of the composite is the same as the variance of either outcome alone

> Therefore, the variance of the summary score is still 0.006

In sum,

If we tell the program to treat effect size for math and reading as independent, the program assumes
the correlation between them is 0, which over-estimates the precision of the summary effect (since the
correlation is probably higher than 0).

If we tell the program to form a composite for math and reading, the program assumes the correlation
between them is 1.0, which under-estimates the precision of the summary effect (since the correlation
is probably less than 1.0).

Between the two, it’'s probably better to use the composite approach. This could be considered the
more conservative approach in the sense that it under-estimates the precision.

Also, this approach is likely to yield a pretty good estimate of the correct variance if most studies
contribute only one effect size (and a few contribute two), and/or the actual correlation is near 1.0. For
example, this would be the case if the different outcomes are scores on various math tests, where some
schools use A, others B, others C, others A and B, others B and C, and so on.

© www.Meta-Analysis.com Multiple outcomes — 29 —



http://www.meta-analysis.com/

However, there are cases where we want to get the most precise estimate possible for the variance.
And, if studies contribute more than two effects and we treat the correlation as 1.0, we will be seriously
underestimating the precision of the summary effect size.

In these cases we can step outside CMA, compute composite effects with a variance based on any
correlation, and then copy these values back into CMA

While we may not know the actual correlation, this process allows us to use correlations that are more
plausible than 0 or 1. For example, if we expect that the correlation falls in the range of 0.50 to 0.80 we

may elect to use 0.80 (which yields the highest estimate of the variance), or perhaps 0.75 (which is near
the upper end of the range.

The procedure for computing the composite score and variance is as follows
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Open the spreadsheet Computing composite score and variance

9~ |= Computing composite scores and variance based on correlationadsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Acrobat
‘a :‘E:Ly‘ ibri 11 oc A4 = Eﬁ B = Wrap Text General - :Ej :E;rdl |:;‘dl
P Sromotpanter BIZ Lo 2o [ 94 E B aceter | 8 2t 2 LSRR B
Clipboard Font Alignment Mumber Styles Cells
7 - 13
A B C D E F G H | i) K L M N [0}
1
2 rA= 0
3
a Calculations of composite score
5
6 ES Y Vi 5 Count Mean vhar shar Vmean
ZI ES Variance
8 Cooper 0.370312 0.026 0.159722 2 0.427 0.025 0.159 0.013 Cooper 0.427 0.013
9 0.483984 0.025 0.159182
10
11 Hedges 0.297179 0.048 0.220073 2 0.322 0.049 0.220 0.024 Hedges 0.322 0.024
12 0.345845 0.049 0.220511
13
14 Lipsey 0.181092 0.021 0.145207 2 0.265 0.021 0.146 0.011 Lipsey 0.265 0.011
15 0.348602 0.021 0.145817
16
17 Rothstein 0.415051 0.025 0.159145 2 0.368 0.025 0.159 0.013 Rothstein 0.368 0.013
18 0.316669 0.025 0.158355
19
20 Wilson 0.326841 0.089 0.298138 2 0.285 0.093 0.305 0.046 Wilson 0.285 0.046
21 0.243817 0.097 0.311142
77

Enter the correlation between the two effect sizes in cell D2 (Here, 0.0)
Copy the effect size and variance for each study from CMA to Excel, in columns Cand D
Start a new spreadsheet in CMA and copy the data from columns N and O

@ Comprehensive meta analysis - [C\Users\Michael\Dropbox\Workshops 2\Multiple outcomes\Multiple cutcomes with corr O.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Runanayses + 2 O Z M| S| & BR|E'-'="Z 8 WES -4 2>+ 43D
Study name Het;ges 5 | Veies G[éo;%ﬁaw G[é?:l:gr?aw Effect direction S::ei',:fsm Varance |Hedges'sg| “anance [?rffri:::: Variance ]
1| Cooper 0.427 0.3 Auto 0427 003
2| Hedaes 0.322 0.024 Auto 0322 0.024
3| Lipsey 0.265 0.011 Auto 0.265 oo
4| Rothstein 0.368 0.3 Auto 0368 003
5| 'wilson 0.285 0.045 Auto 0.285 0.046
5
7
]
|E| Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
+— Data entry 13 Nexttable :{— High resolution plot % Selectby ... | -+ Effect measure: Hedges's g < IE‘ I:‘ EE TT :‘F‘ E :E “j @
todel Study name Statistics for each study Hedges's g and 95% Cl
Hedges's g St:}ﬁ}ard Vanance | Lower limit | Upper limit | 2 alue p¥alue -2.00 -1.00 0.00 1.00 200
Cooper 0427 0.114 0.013 0204 0.650 3745 0.000 —
Hedges 0322 0.158 0.024 ooie 0.626 2079 003 ——
Lipsey 0.285 0.108 0.011 0053 0.471 2527 ooz ——
Rathstein 0368 0.114 0.013 0145 0.591 3228 0.0m —
wilsan 0285 0.214 0.046 0135 0.705 1329 0184 —_
Random 0.340 0.057 0.003 0223 0.452 5.973 0.000 —+
Here, the correlation was 0.0 and the variance is 0.003
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Open the spreadsheet Computing composite score and variance

|‘.|_—(|' H9- |= Computing composite scores and variance based on correlation.adsx - Microsoft Excel
m Home Insert Page Layout Formulas Data Review View Acrobat
3 : E:;y ) Calibri + 11 = Wrap Text General :rg :EEé .__;dl j‘I' j ,SJ
Pavste jFurmat o B I O~ = EMHQ& Gcenter~ $ -+ % oo éjo:ndal;tliommgalv a:?_;rglaetv Stileellv Insvert Delvete For:nat
Clipboard Font Alignment MNumber Styles Cells
D3 M i
A B = D E F G H I ] K L M N o] P
1
2 rA=1
Bl —
4 Calculations of composite score
5
6 ES Y v 5 Count  Mean vhar sbar  Vmean
7 ES Variance
8 Cooper 0.370312 0.026 0.159722 2 0.427 0.025 0.159 0.025 Cooper 0.427 0.025
9 0.483984 0.025 0.159182
10
11 Hedges 0.297179 0.048 0.220078 2 0.322 0.049 0.220 0.049 Hedges 0.322 0.049
12 0.345845 0.049 0.220511
13
14 Lipsey 0.181092 0.021 0.145207 2 0.265 0.021 0.146 0.021 Lipsey 0.265 0.021
15 0.348602 0.021 0.145817
16
17 Rothstein 0.419051 0.025 0.159145 2 0.368 0.025 0.159 0.025 Rothstein 0.368 0.025
18 0.316669 0.025 0.158355
19
20 Wilson 0.326841 0.089 0.298138 2 0.285 0.093 0.305 0.093 Wilson 0.285 0.093
21 0.243817 0.097 0.311142
22

@ Comprehensive meta analysis - [C:\Users\Michael\Dropbox\Workshops Z\Multiple outcomes\Multiple cutcomes with corr 1.cma]

Enter the correlation between the two effect sizes in cell D2 (Here, 1.0)
Copy the effect size and variance for each study from CMA to Excel, in columns Cand D
Start a new spreadsheet in CMA and copy the data from columns N and O

Eile Edit Format View Insert Identify Toels Computational options Analyses Help
Run analyses —+ %z [ = ﬂ @ é{: ﬁ ﬁ b b ’E 3% ] H b =2+ ‘/ D %l El @
Study narme Hedgges's VietERED G[SDL:‘DD-?&H G[é?;%r?a‘l‘]l Effect direction S::e‘;i::sin Wariance |Hedges'sg| Wariance [?jf;;a::: Wariance 1] M
1| Cooper 0427 0.025 Auto 0427 0.025
2| Hedges n3zz 0.043 Auto 0322 0.043
3| Lipsey 0265 0oz Auto 0.265 0.0
4| Rathstein 0368 0.025 Auto 0.368 0.025
5| 'wilson 0285 0093 Auto 0.285 0.093
g
7
A
@ Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
4+ Data entry 13+ Next table :{— High resolution plot E Select by .. =+ Effect measure: Hedges's g “ |E| |:| =2 TT j- E :E ’j @
tdodel Study name Statistics for each study Hedges's g and 95% CI
Hedges's g St‘:’[’r‘g‘?'d Variance | Lower mt  Upperfmit | ZValue | pialue 200 -1.00 0.00 1.00 200
Cooper 0.427 0158 0.025 0117 0.737 270 0.007 —
Hedges 0.322 0z 0.043 0112 0.756 1.455 0146 e
Lipsey 0.265 0145 0.0 0019 0.543 1.829 0.067 ——
Fathstein 0365 0158 0.025 0055 0673 2327 0.0 —_—
“wilson 0.285 0305 0.033 03 0.883 0935 0.350 S B —
Random 0.340 0073 0.008 0185 0,435 4.280 0.000 ==
Here, the correlation was 1.0 and the variance is 0.006
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Open the spreadsheet Computing composite score and variance

|l_—':|' 9~ = Computing composite scores and variance based on correlation.sdsx - Microsoft Excel
m Home Insert Page Layout Formulas Data Review View Acrobat
= ;‘:E:‘m . Calibri v 11 =i Wrap Text General B }g __EI;'} ':;d j‘I' :r\ );J
Pavste F Format Painter I Uu- - Ead Merge & Center~ | $§ ~ % » | %8 5% FCODI,rljndal{_tlInr.lﬂga\v a:nT;nglaEtv st;\Eell B Ins'ert Delvete Fnr:nat
Clipboard Font Alignment Mumber Styles Cells
D3 - J
A B C D E F G H 1 J K L M N o} P
1
2 ra= 0.7
3
a Calculations of composite score
2
6 ES Y v S Count Mean vbar shar Vmean
7 ES Variance
8 Cooper 0.370312 0.026 0.159722 2 0.427 0.025 0.159 0.022 Cooper 0.427 0.022
9 0.483984 0.025 0.159182
10
11 Hedges 0.297179 0.043 0.220078 2 0.322 0.049 0.220 0.041 Hedges 0.322 0.041
12 0.345845 0.049 0.220511
13
14 Lipsey 0.181092 0.021 0.145207 2 0.265 0.021 0.146 0.018 Lipsey 0.265 0.018
15 0.348602 0.021 0.145817
16
17 Rothstein 0.419051 0.025 0.159145 2 0.368 0.025 0.159 0.021 Rothstein 0.368 0.021
18 0.316669 0.025 0.158355
19
20 Wilson 0.326841 0.085 0.298138 2 0.285 0.093 0.305 0.079 Wilson 0.285 0.079
21 0.243817 0.097 0.311142
22

e Enter the correlation between the two effect sizes in cell D2 (Here, 0.7)
e  Copy the effect size and variance for each study from CMA to Excel, in columns Cand D
e Start a new spreadsheet in CMA and copy the data from columns N and O

@ Comprehensive meta analysis - [C\Users\Michael\Dropbox\Workshops 2\Multiple outcomes'\Multiple cutcomes with corr 7.cma]

File Edit Format View Insert Identify Tools Computational options Analyses Help
Run analyses &+ %2 [ ﬁ‘@ﬂ S 4 BB 72| —"r= =% TﬁgH -2+ V/D %l El @
Study name Hedgges § Yariance G[éopligﬁaw G[éopl:EEaH Effect direction S:B‘:gsm “arance |Hedges'sg| Varance [?:f;f::: arance B M u]
1| Cooper 0.427 n.nzz Auto 0427 002z
2| Hedges 0322 o004 Auto 03z 0.041
3| Lipsey 0.265 nmsa Auto 0265 0018
4| Rathstein 0.368 0.021 Auto 0.368 0.021
5| Wilzon 0.285 0.073 Auto 0.285 0.079
B
7
8
4
@ Comprehensive meta analysis - [Analysis]
File Edit Format View Computational options Analyses Help
4 Data entry +3 Next table } High resoclution plot % Select by ... | -+ Effect measure: Hedges's g < IE‘ D TT :{- E :E j @
Madel Study name Statistics for each study Hedges's g and 95% CI
Hedges's g S’ae',’r‘g‘?rd Variance | Lower imit | Upperfimit | ZWalue | pvalue 200 .00 0.00 1.00 2.00
Cooper 0427 0143 n.ozz 07136 0718 2873 0.004 —
Hedges 0322 0202 0.041 0075 0713 1.530 0112 T
Lipsey 0.265 0134 0018 0.00z2 0.528 1.975 0048 ——
Fiothstein 0.368 0.145 0.021 0.0a4 0.652 2539 o0t —
“wilzon 0.285 0.2e1 0.073 -0.266 0.836 1.014 031 —_—t
Fiandom 0.340 0.073 0.005 0196 0.484 4,632 0.000 ——

Here, the correlation was 1.0 and the variance is 0.005
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So it turns out in this case that the variance was not too much larger if we assumed a correlation of 1.0
rather than 0.70, but (as outlined earlier) this will not always be the case.

A similar situation exists if we want to assess the difference between effect sizes for math and reading.
We would assume independence, group by outcome, and test the difference.

However, there is a critical difference here. When we compute an overall effect, the higher correlation
yields largest variance for the overall effect. By contrast, when we compute a difference, the lower

correlation yield the largest variance for the difference.

Thus, for computing an overall effect the composite (with a correlation of 1.0) is the “conservative”
estimate. By contrast, for the difference, “Assuming independence” is the “conservative” estimate.
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