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What Are Complex Surveys?
Examples

Program for International Student
Assessment (PISA)

Trends in International Mathematics
and Science Study (TIMSS)
National Assessment of Educational

Progress (NAEP)

National Educational Panel Study
(NEPS)
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What Are Complex Surveys?

* Increasing the understanding of critical factors influencing teaching and
learning

* Identifying key educational issues: educational inequalities

* Informing national strategies for monitor and improve the educational
system

UNIVERSITY Scherer, Siddiq & Nilsen (2021)
OF OSLO Page 3



What Are Complex Surveys?

Multistage Survey Weights Rotated
Sampling Questionnaire
Design

Rutkowski, Gonzalez, Joncas & von Davier (2010)

UNIVERSITY Page 4
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What Are Complex Surveys?

1st stage
i A A A A A
Multistage 2nd stage
Sampling

UNIVERSITY Stapleton & Thomas (2008) Page 5
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What Are Complex Surveys?

Total weights refer to the weight components that reflect
the inclusion probability of a school and a student of being
selected.

ij —
Dij

Survey Weights

UNIVERSITY Meinck, S. (2020) Page 6
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What Are Complex Surveys?

Rotated
Questionnaire
Design
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https://unsplash.com/@louishansel?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/



https://unsplash.com/@anniespratt?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/

Raw Data
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Challenges of Meta-Analysis in Educational Research

Small samples in

primary studies

UNIVERSITY
OF OSLO

Study
characteristics
that may affect
the quality and

magnitude of
effects

Insufficient
psychometric
quality of
outcome
measures

Scherer, Siddig & Nilsen (2021)
Campos, Cheung & Scherer (2022)
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Challenges in the Synthesis of Complex Survey Data

Multistage Survey Weights Rotated
Sampling Questionnaire
Designs
Stapleton et al., (2016) Rutkowski, Gonzalez, Joncas & von Davier (2010) von Davier et al., (2009)
UNIVERSITY Page 12

OF OSLO



Two-Stage Individual Participant Data Meta-Analysis

Stage 1: Raw Data Analysis

TIMSS

TR

2003 2007 2011 2015 2019

R S S S

Cl'C29 Cl'C4-4 Cl'CSS Cl'CS6 Cl'C64

!

Schools and classrooms

|

Students

UNIVERSITY
OF OSLO

Hierarchical
structure
Sampling weights
Plausible values
Measurement
Invariance

i: Students, j: Classrooms, k: Countries

Stage 2:
Meta-Analysis

* Multivariate
meta-analysis

* Multilevel
meta-analysis

* Mixed-effects
meta-regression
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Two-Stage Individual Participant Data Meta-Analysis

Advantages
Level 1 (individual participants):

Level 2 (clusters):

Level 3 (primary studies):

Boix = Ok + 1, With rk~N(0, arzk).

0, = u + ug with u, ~N(0,02).

UNIVERSITY
OF OSLO

Yijie = Bojk + BrjieXijic + eiji Complex Survey

Bojk = Boox + Bo1rZjr + Uojik DeSIQnS
B1jk = Biok + U1jk
Book = Yooo T Vook Measurement
Bos = N Voo Heterogeneity
Biok = Y100 T Viok
Multilevel
Structures

Campos, Cheung & Scherer (2022)
Brunner, et al. (2022)



Analytic Examples

Two-Stage IPD Meta-Analysis
Approach



https://unsplash.com/@homajob?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/Analysis?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Two-Stage Individual Participant Data Meta-Analysis
Stage 1

To what extent do girls and boys in secondary education differ in their
digital skills?

Constructs of interest gﬁ"der

ICILS 2013
« Study ID

ICILS 2018 - Country ID

« School ID
Complex data structure . Student ID

« Student weights
« Jacknife codes

UNIVERSITY
OF OSLO Page 16



Two-Stage Individual Participant Data Meta-Analysis
Stage 1

To what extent do girls and boys in secondary education differ in their
digital skills?

d _ )?G_)?B ng+npg d?

with Vg =

(ng-1)SD%+(np-1)SD% ngng  2(ng+ng)
nG+nB—2
g= 4(ng+ng-2)-1 WIth Vg = tnoing—p-1) Ve
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Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Three-level random-effects model with effect sizes nested in countries

Level 1 (sampling variance): Bjx = 8j + 75 1ik~N(0,07), qjx~N (0,07 ), we~N (0, 07
Level 2 (within countries): 0, = A + qji
Level 3 (between countries): A, = u + uy

Countries (C) Cl CZ C3 C4 Cs Cn

Effect sizes (ES) ES; ES, .. ES;
Sampling variances \A m m

UNIVERSITY
OF OSLO Page 18



Two-Stage Individual Participant Data Meta-Analysis

Individual Participant Data

Study, Year, and Country Estimate [95% CI]
ICILS 2013-Ontario, CA : —a— 0.447 [ 0.347, 0.548
ICILS 2013-Korea : —— 0.442[0.368, 0.515
ICILS 2013-Slovenia : —a— 0.432[0.367, 0.497
ICILS 2018-Korea, Republic of : - 0.417 [ 0.343, 0.491
ICILS 2018-Finland i b 0.365[ 0.287, 0.443
ICILS 2013-Newfoundland and Labrador: —a— 0.344[0.276, 0.412
ICILS 2013—Norwa?/ : i 0.328 [ 0.248, 0.408
ICILS 2013-Australia : e 0.314[ 0.260, 0.368
ICILS 2018-France ; —e— 0.300[ 0.228, 0.373
ICILS 2013-Chile : —— 0.296 [ 0.226, 0.366
ICILS 2018-USA i [ 0.282 [ 0.235, 0.330
ICILS 2018-Luxembourg : —=— 0.278 [ 0.224, 0.331
ICILS 2013-Hong Kong SAR ; | 0.265[0.179, 0.352 —_ —_ (o)
ICILS 2013-The Netherlands : ] 0.251[0.167, 0.335 g — 0 2 ] 8 95 /O CI O ] 7 O 2 62
ICILS 2018-Denmark : —a— 0.249[ 0.169, 0.330 IPD * ° I4 °
ICILS 2013-Germany ; —a— 0.213[0.130, 0.296
ICILS 2013-Denmark i —a— 0.212[0.119, 0.306
ICILS 2018-Germany : —— 0.199[0.134, 0.264
ICILS 2013-Lithuania : —e 0.199[0.124, 0.274
ICILS 2018-ltaly i —a— 0.194 [ 0.120, 0.268
ICILS 2013-Czech Republic : —e 0.187[0.116, 0.258
ICILS 2013-Croatia : —— 0.185[0.111, 0.258
ICILS 2013-Russian Federation : —— 0.171 [ 0.106, 0.236
ICILS 2013-Poland : —— 0.166 [ 0.093, 0.239
ICILS 2018-Portugal : —— 0.160 [ 0.091, 0.230
ICILS 2013-Slovak Republic P —e— 0.145[0.073, 0.216
ICILS 2018-Chile C—— 0.099 [ 0.029, 0.170
ICILS 2013-Thailand D p——y 0.093 [ 0.028, 0.158
ICILS 2018-Moscow (RUS) i 0.091[0.017, 0.164
ICILS 2013-Switzerland Cp—— 0.090[ 0.021, 0.159
ICILS 2018-Kazakhstan e 0.078 [ 0.010, 0.145
ICILS 2013-City of Buenos Aires ———y 0.055 [-0.065, 0.175
ICILS 2018-Uruguay —— 0.046 [-0.031, 0.123
ICILS 2013-Turkey - 0.017 [-0.061, 0.095

- 0.218[0.174, 0.262]

[ I T T 1
-0.200 0.000 0.200 0.400 0.600
Hedges' g (girls minus boys)

Scherer, Siddiq & Nilsen (2021)
UNIVERSITY Campos, Cheung & Scherer (2022)
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Two-Stage Individual Participant Data Meta-Analysis

Individual Participant Data Aggregate Data

Study, Year, and Country Estimate [95% CI]
ICILS 2013-Ontario, CA i —a— 0.447[0.347, 0.548
ICILS 2013-Korea : —a— 0.442[0.368, 0.515
ICILS 2013-Slovenia : —a— 0.432[0.367, 0.497
ICILS 2018-Korea, Republic of : - 0.417[0.343, 0.491
ICILS 2018-Finland : b 0.365 [ 0.287, 0.443
ICILS 2013-Newfoundland and Labrador: —a— 0.344[0.276, 0.412 )
ICILS 2013-Norwa : —— 0.328 [ 0.248, 0.408 Author(s) and Year Estimate [95% CI]
ICILS 2013-Australia § [ 0.314 [ 0.260, 0.368 - .
ICILS 2018-France i —— 0.300 [ 0.228, 0.373 Siddiq et al. (2017) D —— 0.548[0.211, 0.886
ICILS 2013-Chile : —— 0.296 [ 0.226, 0.366 Goldhammer et al. (2012) Po—a— 0.496 [ 0.263, 0.729
ICILS 2018-USA ) [i—— 0.282 [ 0.235, 0.330 Hohlfeld et al. (2013) o 0.334[0.225, 0.443
ICILS 2018-Luxembourg : -t 0.278 [ 0.224, 0.331 Honhlfeld et al. (2010) - 0.333[0.226, 0.440
ICILS 2013-Hong Kong SAR : e 0.265[0.179, 0.352 Hatlevik et al. (2017) Cme 0.196 [ 0.066, 0.326
ICILS 2013-The Netherlands : —a— 0.251[0.167, 0.335 Hatlevik and Gudmundsdottir (2013) T 0.181[0.119, 0.243
ICILS 2018-Denmark 5 —— 0.249[0.169, 0.330 Hatlevik et al. (2015) S HH 0.138 [ 0.046, 0.230
ICILS 2013-Germany : —a— 0.213[0.130, 0.296 ACER (2008)-Grade 10 - 0.074[0.021, 0.128
kbl i 0.21210.119, 0.306 ACARA (2012a,b)-Grade 10 - 0.067 [0.013, 0.121
A i 4 P e 0100 ol 9t MCEECDYA (2010)-Grade 10 - 0.057 [-0.008, 0.122

A . 0dool=a. 024 Li, Ranieri et al. (2010) —— 0.051 [-0.169, 0.272

kel ; : i TS Hatlevik and Christophersen (2013) [ ] 0.042 [-0.003, 0.088
ICILS 2013-Czech Republic : I 0.187[0.116, 0.258 Tongiori et al. (2014 0.040 [-0.340 0.420
ICILS 2013-Croatia P ——i 0.185[0.111. 0.258 ongiori et al. (2014) ——— [- :
ICILS 2013-Russian Federation : — 0.171[0.106, 0.236 Senkbeil et al. (2013) i -0.118[-0.238, 0.003

8 : Calvani et al. (2012) = = -0.120 [-0.242, 0.002
ICILS 2013-Poland § T 0.166 [ 0.093, 0.239 :
ICILS 2018-Portugal : —a—y 0.160[ 0.091. 0.230 Van Deursen and van Diepen (2013) — -0.121 [-0.608, 0.365
ICILS 2013-Slovak Republic P —a— 0.145[0.073, 0.216 Kuhlemeier and Hemker (2007) HiH -0.177 [-0.255, -0.099
ICILS 2018-Chile L 0.099 [ 0.029, 0.170 Castillo (2010) —— -0.216 [-0.454, 0.021
ICILS 2013-Thailand L p—e—y 0.093 [ 0.028, 0.158 Baek et al. (2010) —————i -0.527 [-0.973, -0.081
ICILS 2018-Moscow (RUS) C—— 0.091[0.017,0.164
ICILS 2013-Switzerland p——y 0.090 [ 0.021, 0.159 RE Model - 0.081 [-0.021, 0.184]
ICILS 2018-Kazakhstan e 0.078 [ 0.010, 0.145
ICILS 2013-City of Buenos Aires ———y 0.055 [-0.065, 0.175 [ I | [ |
ICILS 2018-Uruguay i 0.046 [-0.031, 0.123
ICILS 2013-Turkey i 0.017 [-0.061, 0.095 -1.000 0.000 0.500 1.000

- 0.218[0.174, 0.262) Hedges' g (girls minus boys)
[ | | | ]
-0.200 0.000 0.200 0.400 0.600
Hedges' g (girls minus boys)

Scherer, Siddiq & Nilsen (2021)
UNIVERSITY Campos, Cheung & Scherer (2022)
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Two-Stage Individual Participant Data Meta-Analysis
Combining AD and IPD

Three-level random-effects model with effect sizes nested in countries/studies

Studies (S) Sl Sz 53 54 SS Sn

Effect sizes (ES) ES;  ES, .. ES; ESiyy .. ES;  ESj.i .. ESy

ESiiq o
Sampling variances \/\\ \L\ \L\ m m m m \f\\ m m m

UNIVERSITY
OF OSLO Page 21



Two-Stage Individual Participant Data Meta-Analysis
Stage 2 - Moderation Analysis AD vs. IPD

Baseline model fA[95%CI] B[95%CI] t%pp [95% CIl T5p [95 % CI] YD Yap

Model 1: Data-specific

effect sizes, data-specific
between-country, and data- .074 144 .003 .035 .009 .002
specific between-sample [-.003, .177] [.032, .256] [.001,.013] [.011,.093] [.001, .020] [.000, .073]

residual heterogeneity



Two-Stage Individual Participant Data Meta-Analysis
Stage 2 - Moderation Analysis AD vs. IPD

Baseline model A[95%CI] B[95%CI] % [95% CI] T4p [95 % CI] YD Yap

Model 1: Data-specific
effect sizes, data-specific
between-country, and data- .074 144 .003 .035 .009 .002

specific between-sample [-.003,.177] [.032,.256] [.001,.013] [.011,.093] [.001, .020] [.000, .073]
residual heterogeneity

Model 2: Data-specific
effect sizes, overall between-

country heterogeneity, and 031 187 - 035 008
data-specific between- ' ' : : .

: -. 14 : : : : : : : :
sample residual [-.079.140]  [.080,.295]  [.000 .016] [.013, .095] [.000, .020]
heterogeneity
df AIC BIC AICc loglLik LRT pval QE tau~2
Full 6 -40.5818 -28.9909 -38.6728 26.2909 479.8761 NA

Reduced 5 -41.3649 -31.7057 -40.0315 25.6824 1.2170 0.2700 479.8761 NA



Two-Stage Individual Participant Data Meta-Analysis
Stage 2 - Moderation Analysis AD vs. IPD

Baseline model 195 % CI

B[95%CI] t%p [95% CI] T5p [95 % CI]

2 2
YipD YaD

Model 1: Data-specific
effect sizes, data-specific
between-country, and data-
specific between-sample
residual heterogeneity
Model 2: Data-specific
effect sizes, overall between-
country heterogeneity, and
data-specific between-
sample residual
heterogeneity

Model 3: Data-specific

effect sizes, overall between-

country heterogeneity, and .065
overall between-sample [-.012, .142]
residual heterogeneity

074
[-.003, .177]

031
[-.079 .140]

144
[.032, .256]

187
[.080, .295]

158
[.070, .245]

.003 035
[.001,.013] [.011,.093]

.003 035
[.000 .016] [.013, .095]

.002
[.000, .013]

.009 002
[.001,.020] [.000, .073]

.008
[.000, .020]

.002
[.000, .013]

UNIVERSITY

OF OSLO
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Two-Stage Individual Participant Data Meta-Analysis
Example 2

To what extent is class-average student achievement in mathematics related to
individual students’ mathematics self-concept after controlling for students’
individual mathematics performance in primary school (BFLPE)2

 Mathematics achievement

Constructs of interest
- Self-concept

 Study ID

« Country ID

e Classroom ID
Complex data structure | |, ¢ o 15

» Student weights
 Classroom weights

UNIVERSITY
OF OSLO Page 25



Two-Stage Individual Participant Data Meta-Analysis
Stage 1

1 1 65) 1 1 1 (63) L2 (Between)
Multilevel SEM to estimate obeerved

Yij Xgij |~ |Xzij | |X2ij | |X1ij variables
contextual effects :

1 1 o) 1 1 1 @D 11 (Within)

ESgrire = (Bp — Bw)

UNIVERSITY
OF OSLO Page 26



Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Three-level random-effects model with effect sizes nested in countries

Level 1 (sampling variance):  Bji = 0 + 15 Te~N(0,07), 43~N(0,07), w~N(0, 03
Level 2 (within countries): Ok = Ak + qji
Level 3 (between countries): A = 1+ uy

Countries (C) Cy C, Cs Cy Cs C,

Effect sizes (B) B1 B2 .. Bi Bi+1 - Bj Bj+1 - Bk Br+1 - B Bi+1 - B2as

Sampling variances

UNIVERSITY
OF OSLO



Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Three-level random-effects model with effect sizes nested in cycles

Level 1 (sampling variance): Bik =0k + ik 1.~N(0,02), q;x~N(0,02), u,~N(0,02)

Level 2 (within cycles): Ok = Ak + qji
Level 3 (between cycles): A = U+ uy
ILSA cycles TIMSS;005 TIMSS,00;, TIMSS,011 TIMSSy015 TIMSS,010

Effect sizes () B Bz - B Biv1 - ﬁj ﬁj+1 o Br Br+1 - B ﬂl+1 ---:8248

. . A\ A\ A\ Al A\ A\ A\ A\ A\ I 3\
Sampling variances 4N N A~ A CAAS CAAS CAAS CAAS CAAS CAAS RS

UNIVERSITY
OF OSLO



Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Fourlevel cross-classified random-effects model with countries and cycles

Level 1: Bikny = Qi + e iy ~N (0, 62), q;ay~N (0, 62),
Level 2: ej(kl) = 7\(](1) + djki) w,~N(0,07), Pl"’N(O» 05)
Levels 3 and 4: Akry = 1+ U +

ILSA cycles TIMSS, 403 TIMSS, 407 TIMSS, 414 TIMSS,51c  TIMSS,010

AN AWANAWA

Effect sizes (B) B Bz - P Biv1 - Bj Bis1 . P Br+1 - B Bi+1 - Baas

Sampling variances

Countries (C) C; C, Cs Cy Cs C,

UNIVERSITY
OF OSLO



Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Fourlevel cross-classified random-effects model with countries and cycles

Level 1: Bikn = Ojxny + 1k 150y ~N(0,62), 4y ~N (0, 62),
. —_ 2 2
Level 2: Bj(kl) == )\(kl) + q](kl) u,~N(0,ay), pl~N(0, Op
Levels 3 and 4: Akry = 1+ U +
TLSA cycles TIMSS5003 TIMSS, 007 TIMSS, 011 TIMSS,01< TIMSS,510  PISA018

AN AW ANAWAWA

Effect sizes (B) B1 B2 - B Biv1 - B Bji+1 . Bk Bre1r - B Biv1 -~ Pm  Bi+1 - Baas
Sampling variances m m m \L\ \& m m \L\ & @ m m m

Countries (C)

UNIVERSITY
OF OSLO



Two-Stage Individual Participant Data Meta-Analysis

effects model

Stage 2
Baseline model A[95%CI] | 125[95%CI] 02[95%CI] o%[95%CI]  IZ IZ IZ
Mo(;ie;llzf?ta?dard 458 025 _ _ 40 _ _
rancom-crieets [-481,-436] | [.020, .030] 70
model
Model 2: Three-
level random-
-451 .004 021
effects model with - 12.1 % 70.0 % -
offect sizes nested [-.486, -.416] | [.002,.006] [.014, .031]
in countries
Model 3: Three-
level random-
: -.458 .025 .000 o o
effects model with 1o, * 43511 1020, .031] ] 1000, .002] | S247° 0.0%
effect sizes nested
in TIMSS cycles
Model 5: Four-
level cross- -452 .003 021 .000 o o o
classified random- [-.489, -415] | [.001, .006] [.014, .031] [.000, .002] 10.9% - 70.6 % 0.7%

UNIVERSITY



Two-Stage Individual Participant Data Meta-Analysis
Stage 2

Moderator Three-level mixed-effects meta-regression
Model 2a Model 2b
B SE B SE
Intercept -0.137 0.174 -0.812 0.225
Cultural dimensions
PDI -0.002 0.002 - -
IDV -0.002 0.001 - -
MAS -0.001 0.001 - -
UAI -0.001 0.001 - -
LTO 0.000 0.001 - -
IVR 0.000 0.002 - -
Economic development - -
HDI - - 0.426* 0.258
Moderator test
Q(df) 8.6 (6), p=.20 55(1),p=.02
Variance explanation
Rz 0.0% 2.5%

RZ 5.5% 12.3%

UNIVERSITY
OF OSLO



Potential of Two-Stage IPD Meta-Analysis

1. Enlarge the generalizability of meta-analytic conclusions

2. Two-stage IPD meta-analysis enables researchers to synthesize
information from complex surveys studies

3. Standardized analyses across studies
4. Direct and model-based generation of the effect sizes of interest

5. Appropriate handling of statistical dependencies in meta-analytic
data sets from complex sampling surveys

UNIVERSITY
OF OSLO
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Synthesizing Individual Participant Data Obtained From Complex
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(Accepted for Publication: Psychological Methods)
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