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EU-SILC dataset - mixed type data
3 EU-SILC = European Union - Statistics on Income and Living Conditions

3 Longitudinal multidimensional data on income, poverty, social exclusion and living conditions mea-
sured on private households

3 Annually gathered data via questionnaires targeted on both households and individuals living there

3 Available data: n = 29 292 households from the Czech Republic (years 2005 – 2016)

3 Outcomes
.Numeric - Total disposable household income, . . .
. Binary - Affordability of week holiday away from home, . . .
.Ordinal - Financial burden of total housing cost, . . . } mixed type data

3 Explanatory variables:

. year, region, level of urbanization, dwelling type, weighted family size, . . .
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Research goals
3 To discover unobserved heterogeneity in various socio-economic characteristics.

3 To identify hidden groups of similar longitudinal evolution of these characteristics.

3 To partition households into these groups to determine the level of social-economic status.

3 To construct a set of general rules for classification of households.

3 To uncover poverty and social exclusion temporal patterns.

Notation
3 household i ∈ {1, . . . , n}, visit number j ∈ {1, . . . , ni, }, outcome r ∈ {1, . . . ,R}

3 Yr
i, j - measured value of an outcome{ Y r

i , Yi

3 ti, j - time of the measurement{ ti

3 Ci - all explanatory information known to household i

Model based clustering (Banfield and Raftery, 1993)
3 K: number of unobserved groups (initially assumed to be known)

3 Ui ∈ {1, . . . ,K}: latent indicators of membership to one of the K groups for each household i

3 0 < wk = P [Ui = k]: unknown probability of group k ∈ {1, . . . ,K}

3 fk
(
yi; Ci,ψ,ψ

(k)
)
: PDF of the probabilistic model for Yi when household i belongs to group k

.ψ: parameters of the probabilistic model that are common to all groups

.ψ(k): group-specific parameters of model for group k

3 θ =
(
w,ψ,ψ(1), . . . ,ψ(K)

)
: unknown parameters of interest

3 Mixture likelihood: L(θ) =
n∏

i=1

K∑
k=1

wk fk
(
Yi; Ci,ψ,ψ

(k)
)

3 By Bayes rule: pi,k(θ) = P [Ui = k |Yi = yi; Ci,θ] =
wk fk

(
yi; Ci,ψ,ψ

(k)
)

K∑
`=1

w` f`
(
yi; Ci,ψ,ψ(`)

)
3 Classification rule: Ûi := k ⇐⇒ k = arg max

`∈{1,...,K}
p̂i,`(θ)

3 Estimation: Bayesian approach and MCMC methods (Gibbs sampling)

3 Software: implemented in using programming language C

Models for single outcomes (in certain group)
3 Numeric - Linear Mixed-effects Model (LMM)

.Model formula: YN
i, j ∼ N

((
XN

i, j

)>
βN +

(
ZN

i, j

)>
bN

i ,
(
τN

)−1
)

.Random effects: bN
i

iid
∼ N

(
µN,ΣNN

)
. For example: log

(
YN

i, j

)
= bN

i + β
N · ti, j + εN

i, j

3 Binary + Ordinal - thresholded latent numeric variable following LMM

.YO
i, j = ` ∈ {1, . . . , L} (L ordered levels)

.YO,?
i, j ∼ LMM with βO, bO

i and τO = 1

.Observed YO
i, j determined by set of thresholds γ

−∞ = γ0 < −1 = γ1 < γ2 < · · · < γL−1 < γL = ∞

YO
i, j = Heavy ⇐⇒ YO,?

i, j ≤ γ1

YO
i, j = Somewhat ⇐⇒ γ1 < YO,?

i, j ≤ γ2

YO
i, j = Not ⇐⇒ γ2 < YO,?

i, j

. In general YO
i, j = ` ⇐⇒ γ`−1 < YO,?

i, j ≤ γ`
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Joint modelling (in certain group)
3 Outcomes cannot be considered to be independent of each other.

3 Individual models are joined through
joint distribution of random effects:

bi =

bN
i
bO

i

 iid
∼ N

µ = µN

µO

 ,Σ = ΣNN ΣNO

ΣON ΣOO


3 Leading to a certain dependency structure:

var


 YN

i, j
YO,?

i, j


∣∣∣∣∣∣∣∣ Ci, j

 =

(
τN

)−1
+

(
ZN

i, j

)>
ΣNNZN

i, j

(
ZN

i, j

)>
ΣNOZO

i, j(
ZO

i, j

)>
ΣONZN

i, j 1 +
(
ZO

i, j

)>
ΣOOZO

i, j


3 Group-specific parameters: ψ(k) =

(
β(k),µ(k),Σ(k)

)

Hierarchical Bayesian joint model for numeric and ordinal variable

YOrd

YNum Y∗O γ

X ,Z bObN βOβN

τO = 1τN
µ Σ
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