Why country-dummies (sometimes) do not do the job: Getting the within
estimator of cross-level interactions in multilevel models with pooled cross-
sections

Online Appendix A: Systematic Literature Review

This part of the online appendix contains the full results of our literature review of articles published
in the Journal of European Social Policy (JESP) and the American Sociological Review (ASR).

We performed keyword searches for the term “multilevel” in both Journals’ search engines. The
search was done on March, 21%, 11:35 a.m., 2016 for JESP and on April, 27", 10:02 a.m., 2016 for
ASR. Table OA1 contains all articles returned from JESP’s search engine and our coding of them.
Table OAZ2 lists the results from ASR’s search engine and our coding of them.

Explanation of the columns and the coding procedure:

e IDisan internal ID that we assigned to each article returned from the search engine.

e Author(s), Title, Year, Vol, No and Pages provide the author(s) name(s), the articles title,
the year of publication, the journal volume and issues number as well as the page numbers.

e ML Structure is equal to 1 if the article uses data where units are nested in multiple
geographical clusters and 0 otherwise. All remaining columns have been coded only if ML
Structure was equal to 1. (Comments and replications of previous analyses are coded 0 even
if they use multilevel modeling).

e Country as Context is equal to 1 if the higher-level clusters are countries and 0 otherwise

o Multiple Years is equal to 1 if the article is based on data from multiple time-points and 0
otherwise.

e Interest in Main Effect is 1 if the author(s) had a substantial interest in the direct/main effect
of a cluster-level variable and 0 otherwise.

e Interest in Interaction Effect is 1 if the author(s) had a substantial interest in a cross-level
interaction effect and O otherwise.

e Context Variable Time-constant in Data is equal to 1 if the contextual-level variable did
not vary in the data used for the analysis and 0 otherwise. The column does not contain a
value if the article did not use any contextual-level variables or if we were not able to
determine from the text what the correct value is.

e Context Variable Time-constant by Nature is equal to 1 if the contextual-level variable is
time-invariant by its nature and O otherwise. The column does not contain a value if the article
did not use any contextual-level variables or if we were not able to determine from the text
what the correct value is.

e Using CFE equals 1 if the article employs a (Context-level) Fixed Effects model and 0
otherwise. The remaining column (Longitudinal Within-context Effect) has been coded only if
Using CFE was equal to 1.

e Longitudinal Within-context Effect is only coded if Using CFE was 1. This column is equal
to 1 if the Fixed Effects model has been used to get a context effect which is identified by
within-context variation over time. This column is necessary as not all Fixed Effects models
necessarily do so.
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regimes: a multilevel
approach
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Comparative  Multilevel
Analysis  of  Thirteen
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Missinne;Bart European healthcare 247
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Bracke analysis of 24 countries
5 Wim van 2012 Popular perceptions of 22 181- 1 1 1 0 0 1 0
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Reeskens;Bart consequences: A
Meuleman multilevel, cross-national
analysis of 25 European
countries
6 Stefan Angel;Karin 2015 Over-indebtedness in 25 331- 1 1 1 0 0 1 1
Heitzmann Europe: The relevance of 351
country-level variables for
the over-indebtedness of
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conditionality of legal 239

status and the welfare
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Table OA2: Literature Review of Articles published in ASR
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Online Appendix B: Additional Simulation Results



Figure OA1: Simulation results for main effects
a) Estimates of the main effect of x; ;;(8; )
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b) Estimates of the main effect of z (8, )
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Notes: The y-axes present the estimates of the effects 8, (a) and S, (b) across the 1,000 simulations. The dots give the average estimate, while the interval shown
around them presents the space covered by the middle 95% of estimates. LSDV=Least Squares Dummy Variables; FE(T)=Fixed Effects with Transformations. The
estimates from the cFES with the LSDV approach are average marginal effects calculated after the estimation of the model. More precisely, they are average marginal
effects across the countries but independent of the other variables in the model. We do so because the estimate of g, and 8, are directly conditional on the reference
category of the country fixed effects and therefore not directly comparable with the approaches without dummy interactions.



Online Appendix C: Demonstrating Equivalence of all Estimators and Showing Stata Syntax

In this section, we use an example data set to demonstrate (1) that the three approaches presented in the
paper (LSDV, FE with transformation, and the hybrid approach) yield exactly identical results with balanced
data and (2) how these different models can be applied to data using stata syntax.

We analyze five waves of the European Social Survey, explaining preferences for redistribution (“The
government should take measures to reduce income differences”) with individual gender and income
inequality (Gini Index), a country-level characteristic. We interact gender and income inequality to see
whether the effect of inequality on redistributive preferences varies between men and women. In this
example, the interaction effect is significant in the standard cFE specification but turns non-significant and
decreases in size when controlling for effect heterogeneity in the effect of gender.

Below the following tables you will find the complete stata syntax for the presented models. The data set
and do-file is also available in the online appendix.

Table OAS3 presents the three different approaches applied to unbalanced data and to balanced data. The
models named cFE are standard FE (or hybrid) models, which we provide as a point of reference. The
models named cFES are models controlling for effect heterogeneity, where cFES1 control for effect
heterogeneity in the effect of gender, CFES2 for effect heterogeneity in the effect of the Gini index and
cFES3 for effect heterogeneity in the effect of both variables.

The table shows that with the original (unbalanced) data the estimated interaction effects in the cFES models
are only approximately identical, while they are completely identical with balanced data. Note that in each
of the different approaches, the main effect in the cFES models differ because they are each conditional in a
different way. In the LSDV approach, the main effects are conditional on the moderator being zero and on
the reference category of the country dummies. In the FE approach with transformations, they are
conditional on the moderator being at its mean, due to the group-mean centering before building the
interaction term, and in the hybrid model they are conditional on the moderator being zero. Thus, a direct
comparison is only valid for the interaction effects.



Table OA3: Comparing LSDV, FE with transformation and hybrid models using balanced and unbalanced data

LSDV approach Original data (n=119,932; 23 countries) Balanced data (n=50,540; 23 countries)

Variable cFE cFE cFES1 cFES2 cFES3 cFE cFE cFES1 CFES2 CFES3
Gender (male=1) -0.15013 *** -0.48300 *** -0.33477 ** -0.48228 *** -0.30616 ** -0.14927 ***  -0.37211 ***  -0.38506 * -0.37211 ***  -0.38506 *
Gini 0.01744 *** 0.01172 *** 0.01449 *** 0.01806 0.02118 0.02355 *** 0.01970 *** 0.02028 *** 0.02623 0.02681
Gender X Gini 0.01149 *** 0.00586 0.01143 *** 0.00470 0.00769 0.00653 0.00769 0.00653
Country dummies yes yes yes yes yes yes yes yes yes yes
Country dummies X Gender yes yes yes yes
Country dummies X Gini yes yes yes yes
Notes: Country dummies and interactions not shown.

FE with transformation

Variable / Specification cFE cFE cFES1 cFES2 cFES3 cFE cFE cFES1 cFES2 cFES3
Gender (male=1) -0.15013 *** -0.48300 *** -0.15013 *** -0.47973 *** -0.15013 *** -0.14927 ***  -0.37211 ***  -0.14927 *** = -0.37211 ***  -0.14927 ***
Gini 0.01744 *** 0.01172 *** 0.01450 *** 0.01747 *** 0.01744 *** 0.02355 *** 0.01970 *** 0.02028 *** 0.02355 *** 0.02355 ***
Gender X Gini 0.01149 **= 0.00587 0.01138 *** 0.00465 0.00769 *** 0.00653 0.00769 *** 0.00653
Controlling EH in Gender yes yes

Controlling EH in Gini yes yes

Controlling EH in Gender and Gini yes yes

Hybrid model

Variable / Specification cFE cFE cFES1 cFES2 cFES3 cFE cFE cFES1 cFES2 cFES3
Gender (male=1) -0.15013 ***  -0.48300 ***  -0.49976 ***  -0.48035 ***  -0.50002 *** -0.14927 ***  -0.37211 ***  -0.37549 ***  -0.37211 ***  -0.37549 ***
Gini 0.01744 **= 0.01172 **= 0.01454 ***  -0.22017 ***  -0.21980 *** 0.02355 *** 0.01970 *** 0.02028 *** 0.01970 *** 0.02028 ***
Gender X Gini 0.01149 *** 0.00587 0.01140 *** 0.00472 0.00769 *** 0.00653 0.00769 *** 0.00653
Controlling EH in Gender yes yes

Controlling EH in Gini yes yes

Controlling EH in Gender and Gini yes yes

Notes: Between effects and interactions not shown.

Notes: * p<.05, ** p<.01, *** p<.001.



Stata Syntax for above examples:

use example data crosslevel.dta, clear

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

* Exammple data: 5 rounds of ESS combined with country-level data on Inequality (Gini Index)
* DV = attitudes towards income redistribution ("The government should take measures to reduce differences in income levels")
* UVs = gender (gndr), inequality (gini d)

* Research question: Does the effect of inequality on redistributive preferences vary between men and women?
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

* % o oF

* Drop countries which have no within variation of macro variable of interest
drop if Country == 196 | Country == 246 | Country == 376 | Country == 442

* LSDV approach

reg gincdif c.gndr c.gini d i.Country // standard cFE model, main effect only

est store lsdvl

reg gincdif c.gndr##c.gini d i.Country // standard cFE model with added interaction

est store lsdv2

reg gincdif c.gndr##c.gini d i.Country##c.gndr // CFES model controlling for effect heterogeneity in gndr

est store lsdv3

reg gincdif c.gndr##c.gini d i.Country##c.gini d // CFES model controlling for effect heterogeneity in gini d

est store lsdv4

reg gincdif c.gndr##c.gini d i.Country##c.gini d i.Country#c.gndr // CFES model controlling for effect heterogeneity in gini d and gndr

est store lsdv5

est tab lsdvl lsdv2 1lsdv3 lsdv4 lsdv5, star // show complete models

est tab lsdvl lsdv2 lsdv3 lsdv4 lsdv5, star keep(gndr gini d c.gndr#c.gini d ) // omit country fixed effects and slopes

* Generate some new variables for FE with transformation and hybrid approach

* generate country-specific means of all variables
foreach var of varlist gndr gini d {
bys Country: egen ‘var' m = mean( var')
}
* generate demeaned versions of the two interacting variables
gen gndr dm = gndr-gndr m
gen qini:dm = qiniid—qigiidim

* generate various versions of the interaction term

gen ia gndrgini oo=gndr*gini d // for standard cFE and hybrid approach

gen ia gndrgini dd=gndr dm*gini dm // for cFES with (extended) FE transformations
gen ia gndrgini do=gndr dm*gini d // for cFES with (extended) FE trsnsformations
gen ia gndrgini_ od=gndr*gini dm // for cFES with (extended) FE transformations
gen ia gndrgini_ om=gndr*gini d m // for cFES hybrid models

gen ia gndrgini mo=gndr m*gini d // for cFES hybrid models



bys Country: egen ia gndrgini oo m = mean(ia_gndrgini oo) // for standard hybrid approach

* CcFES model with (extended) FE transformations

xtreg gincdif c.gndr c.gini d , fe i(Country) // standard cFE approach

est store fetl

xtreg gincdif c.gndr c.gini d ia gndrgini oo, fe i (Country) // standard cFE approach with additional interaction

est store fet2

xtreg gincdif c.gndr c.gini d ia gndrgini od, fe i (Country) // cFES model controlling for effect heterogeneity in gndr
est store fet3

xtreg gincdif c.gndr c¢.gini d ia gndrgini do, fe i (Country) // cFES model controlling for effect heterogeneity in gini
est store fetd

xtreg gincdif c.gndr c.gini d ia gndrgini dd, fe i (Country) // cFES model controlling for effect heterogeneity in both

est store fetb
est tab fetl fet2 fet3 fet4d feth, star // show models

* cFES hybrid models

mixed gincdif c.gndr c.gini d gndr m gini d m || Country: , mle var // standard hybrid model

est store hybl

mixed gincdif c.gndr c.gini d ia gndrgini oo gndr m gini d m ia gndrgini oo m || Country: , mle var // standard hybrid approach with additional interaction
est store hyb2

mixed gincdif c.gndr c.gini d ia gndrgini oo gndr m gini d m ia gndrgini om || Country: , mle var // controlling for effect heterogeneity in gndr

est store hyb3

mixed gincdif c.gndr c.gini d ia gndrgini oo gndr m gini d m ia gndrgini mo || Country: , mle var // controlling for effect heterogeneity in gini

est store hyb4

mixed gincdif c.gndr c.gini d ia gndrgini oo gndr m gini d m ia gndrgini om ia gndrgini mo || Country: , mle var // controlling for effect heterog. in both

est store hybb

est tab hybl hyb2 hyb3 hyb4 hybb5, star // show models

* Compare LSDV, FE transformation and hybrid models

est tab lsdvl fetl hybl, star keep(c.gndr gini d ) /// // estimates exactly identical, as expected
equations (1)

est tab lsdv2 fet2 hyb2, star keep(c.gndr gini d /// // estimates exactly identical, as expected
ia gndrgini oo c.gndr#c.gini d) equations (1)

est tab lsdv3 fet3 hyb3, star keep(c.gndr gini d /// // estimates not exactly identical, as noted in note 14 in the paper
ia gndrgini oo ia gndrgini od c.gndr#c.gini d) equations(1)

est tab lsdv4 fet4 hyb4, star keep(c.gndr gini d /// // estimates not exactly identical, as noted in note 14 in the paper
ia gndrgini oo ia gndrgini do c.gndr#c.gini d) equations (1)

est tab lsdv5 fet5 hyb5, star keep(c.gndr gini d /// // estimates not exactly identical, as noted in note 14 in the paper

ia gndrgini oo ia gndrgini dd c.gndr#c.gini d) equations(1)

R R R R

* Demonstrate exact equivalence of estimators with balanced data
* Note: The following code is exactly identical to the former code,
* only that we draw a balanced sample before estimating the models

use example data crosslevel.dta, clear

* Drop countries which have no within variation of macro variable of interest
drop if Country == 196 | Country == 246 | Country == 376 | Country == 442



* Draw balanced sample
sample 266, count by (Country Year gndr) // 266 is the smallest n observed in the three dimensional frequency table “Country-Year-Gender”

* LSDV approach

reg gincdif c.gndr c.gini d i.Country // standard cFE model, main effect only

est store lsdvl

reg gincdif c.gndr##c.gini d i.Country // standard cFE model with added interaction

est store lsdv2

reg gincdif c.gndr##c.gini d i.Country##c.gndr // CFES model controlling for effect heterogeneity in gndr

est store 1lsdv3

reg gincdif c.gndr##c.gini d i.Country##c.gini d // CFES model controlling for effect heterogeneity in gini d

est store lsdvi4

reg gincdif c.gndr##c.gini d i.Country##c.gini d i.Country#c.gndr // CFES model controlling for effect heterogeneity in gini d and gndr

est store 1lsdvd

est tab lsdvl 1lsdv2 1lsdv3 lsdv4 1lsdv5, star // show complete models

est tab lsdvl lsdv2 lsdv3 lsdv4 lsdv5 , ///
keep (gndr gini d c.gndr#c.gini d ) // omit country fixed effects and slopes

* Generate some new variables for FE with transformation and hybrid approach

* generate country-specific means of all variables
foreach var of varlist gndr gini d {
bys Country: egen ‘var' m = mean( var')
}
* generate demeaned versions of the two interacting variables
gen gndr _dm = gndr-gndr m
gen gini:dm = giniid—qiﬁiidim

* generate various versions of the interaction term

gen ia gndrgini oo=gndr*gini d // for standard cFE and hybrid approach

gen ia gndrgini dd=gndr_dm*gini dm // for cFES with (extended) FE transformations
gen ia gndrgini do=gndr_dm*gini d // for cFES with (extended) FE trsnsformations
gen ia gndrgini_od=gndr*gini_dm // for cFES with (extended) FE transformations
gen ia gndrgini_om=gndr*gini_d m // for cFES hybrid models

gen ia gndrgini mo=gndr m*gini d // for cFES hybrid models

bys Country: egen ia gndrgini oo m = mean(ia_gndrgini_oo) // for standard hybrid approach

* cFES model with (extended) FE transformations

xtreg gincdif c.gndr c.gini d , fe i(Country) // standard cFE approach

est store fetl

xtreg gincdif c.gndr c.gini d ia gndrgini oo, fe i (Country) // standard cFE approach with additional interaction

est store fet2

xtreg gincdif c.gndr c¢.gini d ia gndrgini od, fe i (Country) // cFES model controlling for effect heterogeneity in gndr
est store fet3

xtreg gincdif c.gndr c.gini d ia gndrgini do, fe i(Country) // cFES model controlling for effect heterogeneity in gini

est store fet4
xtreg gincdif c.gndr c¢.gini d ia gndrgini dd, fe i (Country) // cFES model controlling for effect heterogeneity in both



est store fetb

est tab fetl fet2 fet3

* cFES hybrid models
mixed gincdif c.gndr
est store hybl
mixed gincdif c.gndr
est store hyb2
mixed gincdif c.gndr
est store hyb3
mixed gincdif c.gndr
est store hyb4
mixed gincdif c.gndr
est store hybb

fetd fetb5, star

.gini d
.gini_d
.gini d
.gini_d

.gini d

gndr m gini d m || Country: , mle var

// show models

// standard hybrid model

ia gndrgini_oo gndr m gini d m ia gndrgini_oo m || Country: , mle var

ia gndrgini oo gndr m gini d m ia gndrgini om

ia gndrgini_oo gndr m gini d m ia gndrgini_mo

ia gndrgini oo gndr m gini d m ia gndrgini om ia gndrgini mo || Country: , mle var // controlling for effect hetero.

est tab hybl hyb2 hyb3 hyb4 hyb5, star

* Compare LSDV, FE transformation and hybrid models
est tab lsdvl fetl hybl, star

equations (1)

keep(c.gndr gini d ) ///

est tab lsdv2 fet2 hyb2, star keep(c.gndr gini d ///
ia gndrgini oo c.gndr#c.gini d) equations(1l)
est tab 1lsdv3 fet3 hyb3, star keep(c.gndr gini d ///

ia gndrgini oo ia gndrgini od c.gndr#c.gini d)

est tab lsdv4 fetd4 hyb4, star keep(c.gndr gini d ///
ia gndrgini oo ia gndrgini do c.gndr#c.gini d)equations (1)
est tab lsdv5 fet5 hyb5, star keep(c.gndr gini d ///

ia gndrgini oo ia gndrgini dd c.gndr#c.gini d)

equations (1)

equations (1)

//
//
//
//
//

|| Country: , mle var

|| Country: , mle var

// show models

estimates

estimates

estimates

estimates

estimates

// standard hybrid approach with additional interaction

// controlling for effect heterogeneity in gndr

// controlling for effect heterogeneity in gini

exactly identical, as expected

exactly identical, as expected

not exactly identical,
not exactly identical,

not exactly identical,

as noted in note 14 in the paper
as noted in note 14 in the paper

as noted in note 14 in the paper

in both



