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Rutkowski et al. (2010)

1. Multi-stage sampling

2. Survey weights

3. Rotated Questionnaire 
Designs

• 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)

Examples

Complex Survey Data



• Multivariate 
meta-analysis

• Multilevel 
meta-analysis

• Mixed-effects 
meta-regression

Stage 2: 
Meta-AnalysisStage 1: Raw Data Analysis
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TIMSS

2011 2015 • Hierarchical structure
• Sampling weights 
• Plausible values
• Measurement Invariance

Two-Stage IPD Meta-Analysis
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1. Problem formulation and framing of the meta-analysis

Generalizability of the Big-Fish-Little-Pond-Effect (BFLPE) across 
countries and TIMSS waves

RQ1: Evidence supporting the generalizability of the BFLPE across 
countries and studies?
RQ2: Explanation of heterogeneity by country-level variables (e.g., 
Human development index, power distance?



2. Data search and selection

Search terms: 
"International large-scale 
assessment" AND "Mathematics 
achievement" AND "Self-concept" 

Inclusion/Exclusion Criteria: 
• Mathematics self-concept
• Mathematics achievement
• Classroom level comparisons



3. Data preparation

• Mathematics achievement 
• Self-concept

• Study ID
• Country ID
• Classroom ID
• Students ID
• Student weights
• Classroom weights

• Socio-economic development 
• Cultural dimensions

Constructs of interest

Complex data structure

Country-level variables



4. Analysis of IPD and model-based effect size estimation

Multilevel SEM to estimate 
contextual effects
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4. Analysis of IPD and model-based effect size estimation

Multi-Group Multilevel CFA: Measurement Invariance Testing 
across Levels and Countries

Model RMSEA CFI SRMR-W SRMR-B

TIMSS 2003
Configural model .000 .998 .00 .04

L1 invariance model .077 .947 .04 .08 2829.83 (113)*

L2 invariance model .048 .959 .04 .14 241.21 (113)*

L1 and L2 invariance model .047 .958 .04 .12 72.18 (14)*

Contextual model .053 .931 .04 .14

Δ𝜒!(Δ𝑑𝑓)



5. Meta-analysis of the effect sizes

ESID Year Country N BFLPE var PDI IDV MAS UAI LTO IVR HDI

1 2003 AUS 4225 -0.60 0.009 38 90 61 51 21 71 0.91

2 2003 BFL 4668 -0.45 0.003 65 75 54 94 82 57 0.89

3 2003 COT 4284 -0.27 0.003 39 80 52 48 36 68 0.88

... ... ... ... ... ... ... ... ... ... ... ... ...

200 2019 AAD 8621 -0.62 0.007 80 38 53 68 23 34 0.89

201 2019 ADU 7251 -0.44 0.003 80 38 53 68 23 34 0.89

202 2019 ARE 25173 -0.62 0.002 80 38 53 68 23 34 0.89

203 2019 AUS 5764 -0.49 0.003 38 90 61 51 21.15 71.42 0.94

204 2019 AUT 4420 -0.45 0.003 11 55 79 70 60.45 62.72 0.92

... ... ... ... ... ... ... ... ... ... ... ... ...



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

Level 1 (sampling variance): β78 = θ78 + 𝑟78
Level 2 (within countries): θ78 = λ8 + 𝑞78
Level 3 (between countries): λ8 = 𝜇 + 𝑢8

𝑟!"~𝑁 0, 𝜎#$ , 𝑞!"~𝑁 0, 𝜎%$ , 𝑢"~𝑁 0, 𝜎&$

Countries (!)

"! "" "# "#$! "% "%$! "& "&$! "' "'$! ""()

#! #" #* #( #+ #,

… … … … …

…

Effect sizes (%)

Sampling variances

5. Meta-analysis of the effect sizes



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

Level 1 (sampling variance): β78 = θ78 + 𝑟78
Level 2 (within cycles): θ78 = λ8 + 𝑞78
Level 3 (between cycles): λ8 = 𝜇 + 𝑢8
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ILSA cycles
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Four-level cross-classified random-effects model with countries and cycles

5. Meta-analysis of the effect sizes

Level 1: β7(8:) = θ7(8:) + 𝑟7(8:)
Level 2: θ7(8:) = λ(8:) + 𝑞7(8:)
Levels 3 and 4: λ(8:) = 𝜇 + 𝑢8 + 𝑝:
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Baseline model 𝜇̂ [95 % 𝐶𝐼] σ+,$ [95 % 𝐶𝐼] σ-$ [95 % 𝐶𝐼] σ.$ [95 % 𝐶𝐼] 𝐼+,$ 𝐼-$ 𝐼.$

Model 1: Standard 
random-effects 
model

-.458
[-.481, -.436]

.025
[.020, .030] - - 82.4 % - -

Model 2: Three-
level random-
effects model with 
effect sizes nested 
in countries

-.451
[-.486, -.416]

.004
[.002, .006]

.021
[.014, .031] - 12.1 % 70.0 % -

Model 3: Three-
level random-
effects model with 
effect sizes nested 
in TIMSS cycles

-.458
[-.484, -.432]

.025
[.020, .031] - .000

[.000, .002] 82.4 % - 0.0 %

Model 5: Four-
level cross-
classified random-
effects model

-.452
[-.489, -.415]

.003
[.001, .006]

.021
[.014, .031]

.000
[.000, .002] 10.9 % 70.6 % 0.7 %

5. Meta-analysis of the effect sizes



5. Meta-analysis of the effect sizes

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 5.5 (1), p = .02

Variance explanation
𝑅+,$ 0.0% 2.5%
𝑅-$ 5.5% 12.3%



6. Reporting and documenting

• Interpretation and communication of 
meta-analytic findings

• Publications of reports, analytic code, 
and data (open science for replicability)



2. Standardized analyses across studies

3. Direct and model-based generation of the effect 
sizes of interest

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

Potential of Two-Stage IPD Meta-Analysis

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



Thank you!

Contact
Email: diegogc@uio.no
Twitter: @diegc_
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• The three-level cycles model had a better fit than the cross-
classified random effects model, χ' 3 = 117.843, 𝑝 < 0.0001

• The cross-classified random effects model and the three-level 
countries model showed similar fit, χ' 3 = 1.665, 𝑝 = 0.197.

• There was no gain when adding the between-cycles variation.

5. Meta-analysis of the effect sizes


