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Agenda

 Subgroup analyses
— In-class activity



Subgroup Analyses

e Three methods
— Method 1: Z-test
— Method 2: Q-test based on ANOVA
— Method 3: Q-test for heterogeneity

o All three methods are used to assess
differences in subgroup effects relative
to the precision of the difference

o All three are mathematically equivalent




Subgroup Analyses

« The computations for each of the
three methods vary slightly
depending on how subgroups are
analyzed
— Fixed-effect model within subgroups

— Random-effects model with separate
estimates of t*

— Random-effects model with pooled
estimate of 72



Subgroup Analyses

Model Method 1 Method 2 Method 3
Fixed-effect 1 2 3
Random-effects with

separate estimates of 4 5 6

7'.2

Random-effects with
pooled estimate of t2




Fixed-Effect Model within
Subgroups: Method 1

e Method 1: Z-test (similar to t-test In
primary studies)

 Used when there are only two
subgroups

— In the fixed-effect model 6, and 65 are

the true effects underlying groups and
M, and My are the estimated effects

with variance V, and Vg



Fixed-Effect Model within
Subgroups: Method 1

e The difference between the two
effects Is

Diff = Mg — M,
e \Which Is tested as
Diff
SEpirs

Zpiff =

e Where

SEDiff — \/VMA + VMB



Fixed-Effect Model within
Subgroups: Method 1

e \Where
Hy: 64 = 0p

e For a two-tailed test

p=2|1-(®(1Z]))|Mp — M,

=(1-(NORMDIST(ABS(Z2))))*2



Fixed-Effect Model within
Subgroups: Method 1

@ Comprehensive meta analysis - [Analysis

VA and VB

Eile Edit Format View Computational options Analyses Help
4+ Data entry +3 Nexttable }t» High resolution plot % Selectby ... | -+ Effect measure: Hedges's g hd lE‘ D EE TT 3- E :E J_P @
Groups Effect size and 95% confidence interval Test of null [2-Tail) Heterogeneity Tau-squared
Humber Point Standard Lower Upper Tau Standard
Group Studies estimate ernor Variance Timit Timit Z-value P-value Q-value df (@) P-value l-squared Squared Error Variance Tau
Fixed effect analysis
A 0.053 8.432 4 0.077 52559 0oe 0.022 0.0 0128
B 0.057 4.543 4 0.337 11.951 000z 0.ma3 0.000 0.047
Total within 12,975 3 0113
Total between 13,463 1 0.000
Ovwerall 0.039 26.437 3 n.00z E5.957 0030 n.0zz 0.000 0173
Mixed effects analysis
A 0.0e0
B 0.061
Tatal between 8055 1 0.005
Overall 0.043



Fixed-Effect Model within
Subgroups: Method 2

e Method 2: Q-test based on ANOVA

— For comparisons between more than
two subgroups

— An analogy to ANOVA In primary studies

— Used to partition the total variance into
variance within groups and variance
between groups



Fixed-Effect Model within
Subgroups: Method 2

 The following quantities are required

- @, the weighted SS of all studies about the
mean for all p subgroups (separately; e.qg.,

QA’ QB)

— Qwitnin,» the sum of all @, subgroups (e.g.,

Q4+ 0B)
— Qpet, the weighted SS of the subgroup

means about the grand mean (Qpet = Q —
Qwithin

— @, the weighted SS of all effects about the
grand mean



Fixed-Effect Model within
Subgroups: Method 2

 Each source of variance (Q statistic)
IS evaluated with respect to the
corresponding degrees of freedom

=CHIDIST(Q,df)

 Which returns the exact p-value
assoclated with each source of
variance



Fixed-Effect Model within
Subgroups: Method 2

Q af p
A 8.4316 4 0.0770
B 4.5429 4 0.3375
Within 12.9745 8 0.1127
Between 13.4626 1 0.0002
Total 26.4371 9 0.0017

Q-test ANOVA table



Fixed-Effect Model within
Subgroups: Method 2

@ Comprehensive meta analysis - [Analysis

Eile Edit Format View Computational options Analyses Help

4+ Data entry +3 Nexttable }t» High resolution plot % Selectby ... | -+ Effect measure: Hedges's g hd lE‘ D EE TT 3- E :E J_P @

Groups Effect size and 95% confidence interval Test of null [2-Tail) Tau-squared

Number Point Standard Lower Upper Tau Standard
Group Studies estimate ernor Variance Timit Timit Z-value P-value Squared Error Variance Tau
Fixed effect analysis
A 5 0324 0.053 0003 0.219 0429 B.0E3 0.000 . . . 0oe 0.022 0.0 0128
B ] e 0.057 0003 0.433 0723 10.7m 0.000 . . . 000z 0.ma3 0.000 0.047
Tatal within
Total between
Ovwerall 10 0458 0.039 noo0z2 0.382 0535 11.740 0.000 S5 @ 0030 n.0zz 0.000 0173

Mixed effects analysis

A 5 0324 0.0e0 0.008 0168 0.481 4.060 0.000
B 5 010 0.061 0004 0.450 0730 9.983 0.000
Tatal between

Overall 10 0505 0.043 000z 0.410 0.600 10,357 0.000

Variance components



Fixed-Effect Model within
Subgroups: Method 3

e Method 3: Q-test for heterogeneity
— Each subgroup is the unit of analysis

— Subgroup summary effects and
variances are tested for heterogeneity
using the same method for testing the
dispersion of single studies about the
summary effect



Fixed-Effect Model within
Subgroups: Method 3

@ Comprehensive meta analysis - [Analysis

Use Total between

Eile Edit Format View Computational options Analyses Help
4+ Data entry +3 Nexttable }t» High resolution plot % Selectby ... | -+ Effect measure: Hedges's g hd lE‘ D EE TT 3- E :E J_P @
Groups Effect size and 95% confidence interval Test of null [2-Tail) Heterogeneity Tau-squared
Humber Point Standard Lower Upper Tau Standard
Group Studies estimate ernor Variance Timit Timit Z-value P-value Q-value df (@) P-value l-squared Squared Error Variance Tau
Fixed effect analysis
5 0324 0.053 0003 0.219 0429 B.0E3 0.000 8.432 4 0.077 52559 0oe 0.022 0.0 0128
] e 0.057 0003 0.433 0723 10.7m 0.000 4.543 4 0.337 11.951 000z 0.ma3 0.000 0.047
10 0458 0.039 noo0z2 0.382 0535 11.740 0.000 0030 n.0zz 0.000 0173
5 0324 0.0e0 0.008 0168 0.481 4.060 0.000
5 010 0.061 0004 0.450 0730 9.983 0.000
Tatal between
Overall 0.410 0.600 10,357 0.000



Magnitude of Subgroup Differences

. With
Diff = Mg — M,

e The 95% confidence interval iIs

Diff +1.96 X SEp¢¢
e Where

SEDiff — \J VMA + VMB



Random-Effects Model with Separate
Estimates of 72

 For all three methods (Z-test, Q-test
based on ANOVA, and (Q-test for
heterogeneity) the same
computations are used, but with
random-effects weights and a
separate estimate of 72 for each

subgroup



Random-Effects Model with Separate
Estimates of 72

@ Comprehensive meta analysis i
Eile Edit Format View Computational options Analyses Help
+ Data entry +3 Next table I+ High resolution piot | [ Selectby .. | —+ Effect measure: Hedoes's o AEILNEE T E F| 2 @
todel SG&%;?OE% Study name
| | 2 | o e | v | e | rew | we E o e | e | s |k || S | seere| fnD
A Tharnkill 0110 oo 001e 0.000 0.026 37.846 37.846 4163 0458 1432.308 123,957 3388 4.000 0.000 4.000 5.000 0324 0.006 0me 0001
A kendal 0.224 0.0z0 0o01e 0.000 0.046 21.541 21.541 4.825 1.081 464017 9395.42 123,957 3388 4.000 0.000 4.000 5.000 0324 0.006 0oe 0.oo
A Wandamm 0.333 0.0z0 0o01e 0.000 0.036 27.455 27.455 9.280 3137 753788 20695394 123,957 3388 4.000 0.000 4.000 5.000 0324 0.006 0oe 0.oo
A Leonard 0.451 0ms 0o01e 0.000 0031 3.824 31.824 14.353 B.473  1M2757 32229.832 3388 4.000 0.000 4.000 5.000 0324 0.006 0oe 0.oo
A Professor 0.480 oo 001e 0.000 0.026 37.846 37.846 18,166 8720 1432308 54206.927 3388 4.000 0.000 4.000 5.000 0324 0.006 0oe 000
A 1.603 0.085 0.082 0.000 0167 156.512 50,787 19.868 5095179 171334.500 3.388 4.000 0.000 4.000 5.000 0.324 0.006 0oe 0.0m
B Jeffries 0.440 oms 0.002 0.000 om7z 57.983 57.983 25512 11225 3362002 194938.233 3952 4.000 0.000 4.000 5.000 0610 0.004 o.oo0z2 0.000
B Fremont 0432 n0.0z0 0.002 0.000 n.nzz2 44 951 44 951 22116 10881 2020582 90826.980 3952 4.000 0.000 4.000 5.000 0610 0.004 o.oo0z2 0.000
B Doyle 0657 oms 0.002 0.000 om7z 57.983 57.983 37747 24573 3362002 194938.233 3952 4.000 0.000 4.000 5.000 0610 0.004 o.oo0z2 0.000
B Stella o7 0025 0.002 0.000 0.0z7 36.702 36.702 26.058 18501 1347034 43438786 3952 4.000 0.000 4.000 5.000 0610 0.004 o.oo0z2 0.000
B Thoreald 0.740 nmz 0002 0.000 04 T0.193 70193 51.943 38.433  4927.012 3458340129 3952 4.000 0.000 4.000 5.000 0810 0.004 0.0z 0.000
B 3033 0.0a7 0o 0.000 0.098 267.811 162,376 103.619 15018633 8753982 361 3952 4.000 0.000 4.000 5.000 0810 0.004 0.00z 0.000
Overall 4636 0172 0.093 0.000 0.265 424323 424 323 214163 123487 20113812 1047316.86 376,921 395 9.000 41.540 26.807 10.000 0.505 0.002 0.030 0.000

Random-effects model with
separate estimates of TZ



Random-Effects Model with Pooled
Estimate of 74

 For all three methods (Z-test, Q-test
based on ANOVA, and (Q-test for
heterogeneity) the same
computations are used, but with
random-effects weights and a pooled
estimate of 72, referred to as t2.,,



Random-Effects Model with Pooled
Estimate of 74

» The pooled estimate of 12, T3y, IS

_ Z?=1 Qj — 5?=1 af;

Thithin = 5
j=1 CJ'
e \Where
W2
C — Z Wi zz:: VVl
l



Random-Effects Model with Pooled
Estimate of 77

0 df C

A 8.4316 4 269.8413

B 4.5429 4 241.6667

Total 12.9745 8 511.5079
12.9745 — 8

Tiiinin = sT7cog = 000974




Random-Effects Model with Pooled

Estimate of 74

@ Comprehensive meta analysis - [Analysis

Eile Edit Format View Computational options Analyses Help

Use A and B
and Total within

4+ Data entry +3 Nexttable }t» High resolution plot % Selectby ... | -+ Effect measure: Hedges's g hd lE‘ D EE TT 3- E :E J_P @
Groups Effect size and 95% confidence interval Test of null [2-Tail) Heterogeneity Tau-squared
Humber Point Standard Lower Upper Tau Standard
Group Studies estimate ernor Variance Timit Timit Z-value P-value Q-value df (@) P-value l-squared Squared Error Variance Tau
Fixed effect analysis
5 0324 0.053 0003 0.219 0429 B.0E3 0.000 52559 0oe 0.022 0.0 0128
B ] e 0.057 0003 0.433 0723 10.7m 0.000 11.951 000z 0.ma3 0.000 0.047
okl withi

10 0458 0.039 noo0z2 0.382 0535 11.740 0.000 E5.957 0030 n.0zz 0.000 0173
Mixed effect\analysis
A 0.008 0168 0.481 4.060 0.000
B 0004 0.450 0730 9.983 0.000
Tatal between
Overall 000z 0.410 0.600 10,357 0.000



Random-Effects Model with Pooled
Estimate of 77

|j'] Comprehensive mel‘lmlzﬂs - [Analysi

File Edit Format View Computational options Analyses Help
4- Data entry +3 Next table } High resolution plot % Select by =+ Effect measure: Hedges’s g
Maodel SE l:al;rpni";; Study name
POt | yaiamen | Wiin | Betwean | Varanea | VWO | W | TW | T2w ¢ o ad |1z e K| PP | Vanare | G172 | SREL2
A Thamhil 0110 noio 000 0.000 n.020 50.697 50.697 5.577 0613 2570150 13029 158.084 4466 4.000 10,434 4923 5.000 0325 0.005 0.oo 0.000
A Kendall 0224 0030 0.010 0.000 0.040 25173 25173 5639 1.263 E33678 15951 158.084 4.466 4.000 10.434 4989 5.000 0325 0.005 0.010 0.000
A Vandamm 0338 n.ozo 0oo 0.000 0.030 33642 33642 11.371 3843 1131752 3807386 168.084 4.466 4.000 10,434 4983 5.000 0.325 0.005 0oo 0.000
A Leonard 0.451 00s oo 0.000 0.025 40,445 40.445 1824 8226 1636767 EE1G7.973 4.466 4.000 10.434 4983 5.000 0.325 0.005 ooo 0.000
A Professor 0.480 n.oo 000 0.000 o020 50.697 50.697 24.334 11681 2570150 130298.014 4.466 4.000 10.434 4983 5.000 0.325 0.005 0.oo 0.000
A 1.603 0.085 0.043 0.000 0134 200.652 E5.161 26627 8541493 380779413 4466 4.000 10,434 4983 5.000 0325 0.005 0.o1o 0.000
B Jeffries 0.440 nms 0.010 0.000 0025 40.445 40.445 17.796 7830 163SFEF BE1S7.973 271 4.000 0.0oo 4.000 5.000 0608 0.005 0.010 0.000
E Fremant 0432 n.ozo 0oo 0.000 0.030 33642 33642 16.652 8143 1131752 38073.868 271 4.000 0.000 4.000 5.000 0608 0.005 0oo 0.000
E Doyle 0651 005 oo 0.000 0.025 40,445 40.445 26.329 17140 1635767 EE1G7.973 271 4.000 0.000 4.000 5.000 0608 0.005 oo 0.000
E Stella 070 0.025 000 0.000 0.03% 28798 28,798 20446 14817 529293 23881791 2771 4.000 0.000 4.000 5.000 0608 0.005 0.oo 0.000
E Thonwald 0.740 ooz 000 0.000 noz2z 46.030 46.030 34.062 25206 2118721 97523775 2771 4.000 0.000 4.000 5.000 0608 0.005 0.oo 0.000
B 3033 0.0e7# 0.043 0.000 0136 189.358 115.185 72837 7351306 291795.379 271 4.000 0.000 4.000 5.000 0.608 0.005 0.010 0.000
Overal 4636 nivz 0.097 0.000 0.269 350.010 380.010 180.346 90463 15892804 E72574.732 5.069 5.000 40.275 25.397 10.000 0462 0.003 0.oo 0.000

Random-effects model with
pooled estimate of 72



Random-Effects Model with Pooled
Estimate of 77

Ef’] Comprehensive meta analy [Analysi:
File Edit Format View Computational options Analyses Help
+ Data entry 3 Nexttable :{— High resolution plot % Select by ... | =+ Effect measure: Hedges's g
Model SE;E:?OE% Study name
- Study Tau"2 Tau"2 Tatal . ~ s ~ Summar Summar; s | Group T2
Font Varianj‘;e w/ithin Betwsen | Variance | [V Weight it e et e 8 s 172 i 5 Point i Varianc: Giapl=2 Varignce
A Thamhil 0110 0mo 0.000 0.000 0010 100,000 100.000 11.000 1.210 10000000 00,00 269.841 8.432 4.000 52,553 18.374 5.000 0324 0.003 0.01e 0.0m
A Kendal 0224 0.030 0.000 0.000 0.030 33333 33333 7467 1673 111111 265.841 8.432 4.000 52,653 18.374 5.000 0.324 0.003 0.01e 0.0m
A Wandamm 0.338 0.020 0.000 0.000 0.020 50,000 50.000 16.900 5712 250000 125000000 269.841 B.432 4.000 52559 18.374 5.000 0324 0.003 006 0.00m
& Leonard 0.451 0.ms 0.000 0.000 0ms BE.EBE7 BE.B67 30067 13.560 4 296296.296 269.841 8.432 4.000 52553 18.374 5.000 0324 0.003 0me 0.0m
A Pratessor (0.480 0mo 0.000 0.000 0010 100,000 100.000 48.000 23.040 1000000, 05 o] 8.432 4.000 52,653 18.374 5.000 0324 0.003 0.01e 0.0m
A 1.603 0.085 0.000 0.000 0.085 350.000 113.433 45195 55.556 245833 5432 4.000 52559 18.374 5.000 0324 0.003 0016 0.001
B Jeffries 0.440 0.ms 0.000 0.000 0ms EBE.BE7 BE.667 29333 4444 444 296296.296 T 4543 4.000 11.951 5163 5.000 0 0.003 o.ooz 0.000
B Fremont 0.452 0.020 0.000 0.000 0.020 50,000 50,000 24.600 2600.000 125000.000 241k 4543 4.000 11.59581 5163 5.000 0 0.003 0.002 0.000
B Daoyle 0.651 0.0s 0.000 0.000 0ms 66667 66667 43400 4444 444 296296296 241,667 4543 4.000 11.951 5.163 5.000 06 0.003 n.o02 0.000
B Stella 0710 0.025 0.000 0.000 0.0z5 40.000 40.000 28400 A 1600.000  E4000.000 241,667 4.000 11.951 5163 5.000 0 0.003 0.0z 0.000
B Thansald 0.740 nma 0.000 0.000 ooz 53333 83333 E1.667 46,633 BO44.444 E7E703.704 241 667 4.000 11.59581 5163 5.000 0 0.003 0.002 0.000
B 3033 0.087 0.000 0.000 0.087 306.667 1874 119.061  19333.333 1360296 4.000 11.951 5163 5.000 e 0.003 0.o02 0.000
Overall 4636 0172 0.000 0.000 0172 B5E.667 E5E.667 300233 164205 47988.889 3818629.F 81.102 10.000 0.458 0.002 0.030 0.000

Fixed-effect model for quantities

to calculate C;ytq; (C4 + Cp)

C, and Cg



Proportion of Explained Variance

 Unlike the traditional interpretation
of R* (i.e., the ratio of explained
variance to total variance), R? as
used In meta-analysis Is interpreted
as proportion of true variance to total
variance explained by covariates

« Computational model assumes that
72 is the same for all subgroups (i.e.,
pooled t2)



Proportion of Explained Variance

» In a meta-analysis, R* is the
between-studies variance within
subgroups divided by the total
between-studies variance (within-
subgroups plus between-subgroups)

T2, .
2 within
R —1—(T2 )
t

otal




Calculating R?

@ Comprehensi‘ve meta

File Edit Format View Computational options Analyses Help
4- Data entry +3 Next table } High resolution plot % Select by =+ Effect measure: Hedges’s g
Maodel SE l:al;rpni";; Study name
POt | yaiamen | Wiin | Betwean | Varanea | VWO | W | TW | T2w ¢ o ad |1z e K| PP | Vanare | G172 | SREL2
A Thamhil 0110 noio 000 0.000 n.020 50.697 50.697 5.577 0613 2570150 13029 158.084 4466 4.000 10,434 4923 5.000 0325 0.005 0.oo 0.000
A Kendall 0224 0030 0.010 0.000 0.040 25173 25173 5639 1.263 E33678 15951 158.084 4.466 4.000 10.434 4989 5.000 0325 0.005 0.010 0.000
A Vandamm 0338 n.ozo 0oo 0.000 0.030 33642 33642 11.371 3843 1131752 3807386 168.084 4.466 4.000 10,434 4983 5.000 0.325 0.005 0oo 0.000
A Leonard 0.451 00s oo 0.000 0.025 40,445 40.445 1824 8226 1636767 EE1G7.973 4.466 4.000 10.434 4983 5.000 0.325 0.005 ooo 0.000
A Professor 0.480 n.oo 000 0.000 o020 50.697 50.697 24.334 11681 2570150 130298.014 4.466 4.000 10.434 4983 5.000 0.325 0.005 0.oo 0.000
A 1.603 0.085 0.043 0.000 0134 200.652 E5.161 26627 8541493 380779413 4466 4.000 10,434 4983 5.000 0325 0.005 0.o1o 0.000
B Jeffries 0.440 nms 0.010 0.000 0025 40.445 40.445 17.796 7830 163SFEF BE1S7.973 271 4.000 0.0oo 4.000 5.000 0608 0.005 0.010 0.000
E Fremant 0432 n.ozo 0oo 0.000 0.030 33642 33642 16.652 8143 1131752 38073.868 271 4.000 0.000 4.000 5.000 0608 0.005 0oo 0.000
E Doyle 0651 005 oo 0.000 0.025 40,445 40.445 26.329 17140 1635767 EE1G7.973 271 4.000 0.000 4.000 5.000 0608 0.005 oo 0.000
E Stella 070 0.025 000 0.000 0.03% 28798 28,798 20446 14817 529293 23881791 2771 4.000 0.000 4.000 5.000 0608 0.005 0.oo 0.000
E Thonwald 0.740 ooz 000 0.000 noz2z 46.030 46.030 34.062 25206 2118721 97523775 2771 4.000 0.000 4.000 5.000 0608 0.005 0.oo 0.000
B 3033 0.0e7# 0.043 0.000 0136 189.358 115.185 72837 7351306 291795.379 271 4.000 0.000 4.000 5.000 0.608 0.005 0.010 0.000
Overal 4636 nivz 0.097 0.000 0.269 350.010 380.010 180.346 90463 15892804 E72574.732 5.069 5.000 40.275 25.397 10.000 0462 0.003 0.oo 0.000

Random-effects model with
pooled estimate of 72



Calculating R?

[5] Comprehensive meta analysis - [Analysi:
File Edit Format View Computational options Analyses Help

4+ Data entry 13 Next table :{» High resclution plot % Select by ... | =+ Effect measure: Hedges's g w E I:‘ EE TT :{- E :E Jj @
Groups Effect size and 95% confidence interval Test of null [2-Tail) Heterogeneity Tau-squared
Humber Point Standard Lower Upper Tau Standard
Group Studies eztimate error Variance Timit Timit Z-walue P-value Q-value df [Q] P-value |-gquared Squared Error Variance Tau
Fixed effect analpsis
A 5 0.324 0.053 0003 0.219 0.429 E.0E3 0.000 8432 4 0.077 52.559 0.018 n.nzz 0.001 n1zs
B 5 0611 0.057 0003 0.439 0723 10.7m 0.000 4543 4 0.337 11.951 0.002 0ma 0.000 0.047
Tatal within 12,975 ]
Total between 13.463 1
Overall 10 0.458 0.033 nooz 0.3g2 0.535 11.740 0.000 26.437 | n.nzz 0.000 0173

Random effects analysis

A ] 0.325 0.071 0005 0186 0.463 4.600 0.000
B 5 0.608 0.073 0005 0.466 0.751 8.371 0.000
Tatal between 7832
Overall 10 0.466 0142 0020 n.1aa 0.744 3.267 0.001




Variance Explained by Subgroup
Membership

Within studies 34% Between studies (I*) 66%

P

Within groups 33% Between groups (R%) 67%




Summary Effects in Subgroup
Analyses

Depends on guestions and the nature
of data

If question Is one of superiority, best
not to report a summary effect across
subgroups

If question Is one of equivalence, a
summary effect across subgroups may
or may not be warranted

Most important are substantive
Implications and what summary effect
represents



Models for Subgroup Analyses

e Three models

— Fixed-effect analysis: Fixed-effect model
within and across subgroups

— Mixed-effect analysis: Random-effects
model within subgroups and fixed-effect
model across subgroups (generally
recommended model)

— Fully random-effects analysis: Random-
effects model within and across
subgroups



Today’s In-Class Activity

e From the “Tutoring Subgroup.CMA”
data set

— Using Method 1 (Z-test) calculate the
mean difference, p, and the LL and UL
of the mean difference between
subgroups A and B for the fixed-effect
model, random effects model with
separate estimates of 2 and random
effects model with pooled estimate of t*

— Calculate and interpret R?



