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Abstract
Although monitoring and evaluating child poverty has been recognized as important,
there is little statistical information focused on children. Because the annual EU-
Statistics on Income and Living Conditions (EU-SILC) survey does not include
child-specific information on an annual basis, this study proposes a measure of child
exposure to household material deprivation based on this dataset. The study considers
four domains of deprivation that have a direct impact on child development: housing
conditions, household financial capacity, household durable goods, and environmental
living conditions. Although developing a child-centered measurement of child depri-
vation is important, the EU-SILC considers the household as the unit of measurement.
Therefore, our proposal is household-based, allowing annual monitoring of children’s
exposure to deprivation—an important insight for social policy purposes to tackle the
problem of child poverty. Using the 2017 Portuguese sample, we applied graded
response models to assess the psychometric properties of the EU-SILC items and fit
separate indexes per domain and the composite index. Item selection was based on their
characteristic curves and information functions. The results allow for the selection of
more informative items for every domain to obtain the composite index. In general, the
empirical analysis confirmed the theoretical approach for item selection. The method-
ology may be directly applied to the full EU dataset or to each country individually.
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1 Introduction

Although monitoring and evaluating child poverty has been recognized as important,
there is little statistical information focused on children. The national data available for
use are primarily collected at the household level, allowing only an indirect evaluation
of children’s wellbeing through the lens and living conditions of the adults with which
they live. The methodological options beyond measurements employed to analyze
child poverty condition our understanding of the problem, and, consequently, the
effectiveness of the social policies pursued to alleviate it.

The income-based approach to child poverty was the first methodological frame-
work used to identify poor children. Because of the availability and easy access to data
about household income, this procedure is still commonly used. However, this frame-
work may cause serious bias in the analysis of the problem. In fact, poverty experienced
by children differs from that experienced by adults not only in terms of the experience
itself (Boyden et al. 2012) but also regarding its long-term consequences for children
(Qi and Wu 2019). Moreover, children’s basic achievements in education, health,
housing, and social participation are also determined by the public services offered.
These provisions may overcome household financial difficulties. Finally, the income-
based approach is based on the hypothesis that resources in a household are equally
shared, which is a non-consensual conjecture (Main and Bradshaw 2016).

Empirical evidence has demonstrated the importance of household income for
children’s wellbeing, as it provides the basic living conditions for development
(Cooper and Stewart 2013). Studies developed in the EU (Ajzenstadt and Gal 2010;
European Commission 2008; Tarki 2010) analyze the effect of household income on
children’s wellbeing and their economic and social success as adults. Although these
studies point out the importance of family income for children’s wellbeing, they also
note that income is not the sole determinant of children’s wellbeing, which calls for use
of a multidimensional approach to child poverty. Moreover, empirical evidence shows
that many non-income poor suffer from multiple deprivations (Minujin 2012; Nolan
and Whelan 2010).

The use of multidimensional measurements of child poverty is fairly well accepted
(Author 2016; Ben-Arieh 2000; Guio et al. 2018; Saunders and Brown 2019).
Townsend’s (1979) pioneering method through the concept of deprivation has
established the basis of multidimensional approaches to poverty. In 2004, UNICEF
(2004) introduced the first official multidimensional proposal for child poverty analy-
sis. Gordon et al. (2003) developed an evaluation of child poverty in developing
countries by defining seven deprivation dimensions. The Multidimensional Poverty
Index, which reflects the multiple deprivations faced by children, was applied to child
poverty by Alkire and Roche (2011). More recently, Guio et al. (2018) examined 17
indicators and proposed a multidimensional measure of child deprivation for child
poverty analysis. In the view of Ben-Arieh (2000), however, these studies are mostly
concentrated on the analysis of children’s present conditions or child wellbeing rather
than on their future—child well-becoming.

The multidimensional approach to child poverty underlies the concept of child
wellbeing “as the realisation of children’s rights and the fulfilment of the opportunity
for every child to be all she or he can be in the light of a child’s abilities, potential and
skills. The degree to which this is achieved can be measured in terms of positive child
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outcomes, whereas negative outcomes and deprivation point to the neglect of children’s
rights” (Bradshaw et al. 2007, p. 135). The UN Convention on the Rights of the Child
(CRC) provides a normative framework to construct a definition of child wellbeing.
These methods aim at encompassing the different meanings of child wellbeing. In the
same vein, Amartya Sen’s Capability Approach considers wellbeing to be related to the
capacity to take different opportunities in accordance with individual preferences.

Indicators related to child wellbeing are of growing interest and have awakened long
debates and minimum consensus (Ben-Arieh 2008). Child-centered analyses have been
attempted (Gordon et al. 2003; Guio et al. 2018) but the scarcity of data focused on the
child as the statistical unit of analysis and observation has conditioned the
operationalization of these approaches.

Most of the multidimensional methods developed to investigate child poverty rely
on datasets that use the household as the unit of measurement and, therefore, do not
capture individual deprivations. Even if child-specific indicators are used within these
frameworks, identification at the household level does not allow disentanglement of
intra-household inequalities (Brown et al. 2017). Intra-household poverty analyses have
shown significant disparities in the management and sharing of resources among
household members. Pahl (2005) found gender disparities within UK households,
and Daly et al. (2012) suggest these disparities may also affect children, as women
often give greater priority to children’s allocation of resources than men (Grogan 2004).
In addition, children’s needs vary according to age, and the youngest children may be
more protected from resource restrictions than older ones (Ridge 2011). Main and
Bradshaw (2016) affirm that children in the same household may have different
statuses in terms of poverty. Finally, children are not usually the respondents, which
may bias the evaluation of child wellbeing. In fact, there is increasing agreement on the
importance of incorporating children’s views and perceptions in the identification and
evaluation process (Main and Bradshaw 2016).

Analyses of the mismatch between household and individual multidimensional
poverty indices focused on children are scarce (Pinilla-Roncancio et al. 2019). The
study developed by Pinilla-Roncancio et al. (2019) shows that profiles based on
individual or household measurements of children identified as poor differ. They also
found there are children experiencing multiple deprivations who live in non-deprived
households and non-deprived children at the individual level who live in deprived
households. When resources are limited, adults commonly sacrifice their own needs in
favor of their children (Middleton et al. 1997). Moreover, research indicates there are
children living in poor households that are not directly exposed to poverty (Main and
Bradshaw 2016). Adults often prioritize children’s needs, although we find that not all
adults go without. In this context, multidimensional frameworks at the individual and
household levels are complementary. The empirical evidence (Pinilla-Roncancio et al.
2019; Saunders and Brown 2019) suggests use of a composite measure that includes
information at both the household and child levels. This measure may offer important
insights for policy design.

The purpose of this study is to provide indexes of child exposure to material
deprivation. We explore the main dataset used by the EU to analyze income, social
inclusion, and living conditions—the European Union Statistics on Income and Living
Conditions (EU-SILC), harmonized at the EU level and conducted annually—to
evaluate child poverty. The annual statistics provided by this dataset are not child-
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focused but include detailed information about income and household living condi-
tions, which are important determinants of children’s wellbeing. Therefore, we propose
a measure of child exposure to material deprivation that uses the household as the unit
of observation and measurement, rather than a child poverty index. The study aims to
(1) identify deprivation items at the household level that have an important impact on
children’s wellbeing, (2) group these items into deprivation domains, and (3) construct
a composite index of child exposure to household material deprivation.

This study uses the Portuguese sample to compare the item composition of every
domain of deprivation by applying graded response models (GRM) to three datasets.
The first consists of the EU-SILC Portuguese dataset, the second is the dataset of
households that include children (approximately 30%), and the third is the dataset of
households without children. The comparison is based on the item characteristic curves
and item information functions for each domain, and it provides information on the
items that are more sensitive to the presence of children. Our research offers an in-depth
analysis of the 2017 EU-SILC Portuguese dataset aimed at constructing a measurement
proposal to evaluate and monitor children’s exposure to household deprivation on an
annual basis.

Although the methodological proposal included in this research is household-based,
it aims to give information about children’s living conditions and opportunities that are
intrinsically related to children’s wellbeing. Therefore, our approach strives to give
important insights for social policy design and monitoring, based on a reliable dataset,
on an annual basis.

After this introduction, section 2 describes the data used and statistical models
applied, section 3 examines the results obtained, and section 4 closes the study by
setting out the principal findings and discussing their implications.

2 Methodology

2.1 Instruments and Data

We used the 2017 Portuguese sample of the EU-SILC, a survey anchored in the
European Statistical System. The EU-SILC instrument provides two types of data:
(1) cross-sectional data pertaining to a given time or a certain time period with variables
on income, poverty, social exclusion, and other living conditions and (2) longitudinal
data pertaining to individual-level changes over time, observed periodically over four
years. In this study, we use cross-sectional data. Social exclusion and housing condition
information is collected mainly at the household level, whereas labor, education, and
health information are obtained for individuals ages 16 and over. The core of the
instrument—income at a detailed component level—is mainly collected at the individ-
ual level (EUROSTAT 2018). This dataset is expected to be representative of the entire
population and is EU country-comparable on issues related to labor markets, income,
living standards, and education, among others.

According to the EU-SILC, the household population in 2017 was 4,117,770, of
which 1,448,187 (35%) had one or more dependent children (see Table 1).

Table 2 summarizes the 16 living condition items included in the dataset that reflect
the theoretical determinants of children’s wellbeing and presents the respective
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descriptive statistics. These items are also considered in other empirical studies
(Bradshaw et al. 2007; Guio et al. 2018; Pinilla-Roncancio et al. 2019; Qi and Wu
2019). The items and their cut-offs are grouped into four domains of deprivation1: (1)
housing conditions, (2) household financial capacity, (3) comfort goods, and (4)
housing environment. The selection of the deprivation domains and corresponding
indicators follow the Alkire-Foster method (Alkire and Roche 2011). This method
underlines the importance of empirical evidence, data accuracy, statistical properties,
and data availability. We detail our choices as follows2:

(1) Housing conditions
Housing is a critical issue for children (Clair 2019; Ridge 2011). This domain

includes four items: overcrowded housing; leaking roof, damp walls, floors,
foundation, or rot in window frames or floor; problems with the dwelling (e.g.,
too dark, not enough light); and bath or shower in the dwelling. The issues
captured by the items considered the availability of space and the house structure,
which not only directly impact children’s health and comfort but also their social
lives (Ridge 2011). The importance of housing also continues into adulthood.
Marsh et al. (2000) note that health problems are more likely for adults living in
non-deprived housing conditions if they lived in deprived housing conditions
when they were children than for their peers who grew up in non-deprived
housing.

(2) Household financial capacity
We consider five items in this domain: the ability to keep the home adequately

warm; the existence of arrears on mortgage or rent payments; utility bills;
purchase installments or other loan payments; and the ability to afford a meal
with meat, chicken, or fish (or a vegetarian equivalent). The importance of
household financial restrictions for children’s wellbeing is well documented (Qi

Table 1 Number of dependent children per household

Count % Cumulative %

Number of dependent children per household 0 2,669,583 64.83 64.83

1 715,776 17.38 82.21

2 419,269 10.18 92.40

3 + 63,074 1.53 93.93

Other with children 250,068 6.07 100.00

Total 4,117,770 100.00 –

Source: Own calculation based on EU-SILC data with expansion weights DB090 (2020)

1 A child-centered analysis would necessarily be based on a different set of deprivation domains. Ben-Arieh
(2000), for example, considers five domains of children’s wellbeing: civil life skills, personal life skills, safety
and physical status, children activities, and children economic status. Although these domains are of a different
nature to those considered in our research, they also capture some of the issues raised by this approach.
2 These choices are mostly supported by empirical studies, as well as by the statistical analysis developed in
this study. Data availability was also taken into account, as this study is developed upon an in-depth analysis
of the 2017 EU-SILC dataset. Discussing the theoretical models beyond the definition of deprivation domains
and indicators fully is beyond the scope of this paper.
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Table 2 Descriptive statistics of items per deprivation domain

Domain Item-Item label Item category Children per
household (%)

No Yes Both

Housing conditions HH030_aux-Overcrowded house Yes 1.08 12.11 4.32

No 98.92 87.89 95.68

HH040-Drip/Damp dwelling Yes 28.66 28.77 28.69

No 71.34 71.23 71.31

HS160-Dimly lit dwelling Yes 13.95 11.80 13.32

No 86.05 88.20 86.68

HH081-Bath or shower in dwelling No 2.06 0.68 1.65

Yes, shared .49 .17 .40

Yes, for use in dwelling 97.45 99.16 97.95

Household
financial capacity

HH050-Home adequately warm No 23.28 17.34 21.54

Yes 76.71 82.66 78.46

NA/MV .01 0.00 .01

HS011-Arrears on mortgage or
rent payments

Yes, two or more times 1.29 3.91 2.06

Yes, once .39 .93 .55

No 32.08 62.11 40.90

NA/MV 66.25 33.05 56.50

HS021-Arrears on utility bills Yes, two or more times 3.31 7.04 4.41

Yes, once .63 1.38 .85

No 94.25 88.99 92.71

NA/MV 1.80 2.59 2.03

HS031-Arrears on purchase
installments or other loan
payments

Yes, two or more times 0.75 1.97 1.11

Yes, once .18 .62 .31

No 36.39 46.76 39.43

NA/MV 62.69 50.65 59.15

HS050-A meal with meat,
chicken, or fish every second day

No 5.41 3.83 4.95

Yes 94.59 96.17 95.05

Comfort goods HS070-Communication facilities
(telephone/mobile phone)

No, for economic reason 1.22 .45 .99

No, for another reason 1.38 .31 1.07

Yes 97.40 99.24 97.94

HS080-Color TV No, for economic reason .76 .23 .60

No, for another reason .52 .06 .38

Yes 98.72 99.72 99.02

HS090-Computer No, for economic reason 8.58 6.42 7.95

No, for another reason 39.56 2.53 28.68

Yes 51.86 91.05 63.37

HS110-Car No, for economic reason 9.02 6.73 8.35

No, for another reason 21.86 2.87 16.28

Yes 69.13 90.40 75.38

Yes 21.10 22.16 21.41
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and Wu 2019). The family stress model points out the process in which economic
stressors influence child wellbeing (Masarik and Conger 2017). For children,
economic hardship may be responsible for serious material and social deprivations
that go beyond adequate nutrition and health care, such as important symbolic
social marks, including brands, extra-curricular activities, and leisure (Ridge
2011). Moreover, these restrictions are responsible for adult stress, which affects
children through emotional contagion (Main and Bradshaw 2016). Household
financial restrictions are also an important determinant of available resources for
children’s investment, especially regarding education, which conditions their life
in adulthood (Ben-Arieh 2000). Finally, it should be mentioned that the family
investment model also points out the importance of family economic resources on
parental investments on children and, therefore, on their wellbeing and develop-
ment (Kiernan and Huerta 2008).

(3) Comfort goods
In this domain, we include possession of goods such as communication

facilities, a color television, and a car for private use. These are standard goods
and, therefore, non-possession is associated with deprivation (Guio et al. 2018).
Moreover, they support education and leisure activities. Once again, the family
investment model considers that parents’ social economic status is positively
associated with child outcomes—higher parental status enables higher investment
in materials and experiences that enrich and promote children’s capacities and
opportunities (Vasilyeva et al. 2018). The items included in this domain may be
considered examples of such materials.

(4) Housing environment
In this domain, we include indicators that evaluate safety and pollution,

important determinants of health and social life (Ridge 2011). The indicators
considered include noise from neighbors or from the street; pollution, crime, or
other environmental problems; and crime, violence, and vandalism in the area.
Public space provisions also play an important role in disadvantaged neighbor-
hoods. They may undermine housing conditions and financial restrictions (Sutton
2008). Adult hostility and crime are also problems identified by children as
determinants of their wellbeing (Butler 2005).

Table 2 (continued)

Domain Item-Item label Item category Children per
household (%)

No Yes Both

Housing
environment

HS170-Noise from neighbors/from
the street

No 78.90 77.84 78.59

HS180-Pollution, crime, or other
environmental problems

Yes 12.36 11.68 12.16

No 87.64 88.32 87.84

HS190-Crime, violence, or
vandalism in the area

Yes 6.68 6.90 6.74

No 93.32 93.10 93.26

Legend: NA =Not applicable/MV =Missing value; Source: Own calculation (2019).

A Measure of Child Exposure to Household Material Deprivation:...



2.2 Statistical Methods

We applied the graded response model (GRM) (Samejima 1997), which allows the
items to be on an ordinal scale, such as the polytomous item responses we have in the
EU-SILC questionnaires. This is a unidimensional model for analyzing responses
scored in two or more categories. When items have only two categories—that is, they
are binary items—the GRM is equivalent to the two-parameter item response model.
The GRM model is specified by Eq. (1),

Pik θð Þ ¼
exp ∑k

j¼1αi θ−βij

� �h i

∑mi
c¼1exp ∑k

j¼1αi θ−βij

� �h i k ¼ 1;…;mið Þ; ð1Þ

where.
i is the index related to the item (i = 1,.., I; I is the total number of items);
Pik(θ) is the probability that an individual with latent factor θ selected the kth category

(k = 2,3,…,mi, and mi is the number of response categories for item i);
αi is the discrimination parameter for item i;
and βij = bi − dj, where bi is the difficulty/location parameter of item i and dj is the

parameter of the interception category, with d1 = 0.
According to Eq. (1), the probability of selecting the kth category over the mi-1st

category in a multicategory item is governed by the logistic dichotomous response
model. Such probability is conditional on the answer in the k-1 category; that is,
underlying the response to category k is the response criteria satisfaction related to the
previous category. According to the model assumption, the latent factor is
unidimensional, that is, only one construct is being measured. In practice, however,
this assumption does not strictly hold. Therefore, it is considered reasonable if there is a
dominant factor in the data; in other words, item response models (IRM) will perform
well as long as the latent factor being measured dominates the others (Zampetakis et al.
2015). This assumption was tested using the polychoric correlation matrix and principal
component analysis (PCA) for all items together and for the subsets of items by domain.

To estimate the GRM parameters and fit the scales, we used the open-source R package
mirt 1.3 (Chalmers 2012), which includes the marginal maximum likelihood approach using
the Gauss-Hermite quadrature rule as the estimation procedure, and IRTPRO commercial
software, which implements the maximum a posteriori estimation procedure (Cai et al.
2009). The item parameter estimation procedure is conditioned on the latent factor (theta)
distribution as N(0,1).

3 Results

3.1 Unidimensionality

The descriptive analyses of all items together and the subsets of items per domain
supported our assumption about the existence of more than one latent trait in the data
matrix. The PCA with the 16 items resulted in four eigenvalues greater than 1. The four
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respective factors explain 62% of the total variance. The correlation coefficients of the
polychoric matrices are positive in every domain and the respective first eigenvalues
are high enough to support the unidimensionality assumption (Hattie 1985; Reckase
1979). The first eigenvalues of housing environment and comfort goods account for
more than 60% of the total variance. In the domain of housing conditions, the first
eigenvalue accounts for 40% of the variance. In the domain of household financial
capacity, there are two eigenvalues greater than 1, but the first, which accounts for 57%
of the variance, is twice as high as the second. Based on the eigenvector analysis, we
observe that the first eigenvector of each of the domains always presents absolute
values close to 0.40. Considering these results, we retained the four theoretically
defined domains of deprivation.

3.2 GRM Parameter Estimates

The tables presented in Appendix A (supplementary file) include the GRM parameter
estimates obtained for each domain. The estimates forαi and βij parameters are denoted by
ai and bij, respectively. Such estimates allow graphical analysis either by the item
characteristic curve (ICC) or item information curve (IIC). Figures 1 to 4 present ICC as
left-axis and IIC as right-axis. The ICC. The ICC shows the probability that an individual/
household chooses a particular category of answer given his/her score in the latent trait,
that is, the domain of deprivation. For each deprivation domain, the x-axis, theta (θ), has
the respective inverted scale with the standard deviation (SD) as the unit, meaning that the
higher the θ is, the lower the deprivation level. The degree of severity of household
deprivation, captured by the difficulty parameter, is observed for binary items at the point
where the curves intersect. When ordinal variables are plotted, we observe the position of
the curves of each category from left to right. The estimate of the discrimination parameter
is the slope of the curve’s tangent. The more upright the slope, the better the item’s
discriminating capacity and the higher its correlation with the deprivation domain.

The IIC plots can be used to evaluate how different items contribute to measurement
accuracy at different levels of θ. The higher the slope, the more information the item
provides and the lower the measurement error. Thus, by analyzing an item’s IICs, it is
possible to identify those items that provide more information on the latent trait, reducing
measurement errors and, consequently, determining items that can be discarded.

3.2.1 Housing Conditions

Figure 1 shows the combined ICC and IIC charts by dataset for the housing condition
domain items. Item HH030_aux—overcrowded house— indicates distinct patterns across
the three charts. In households with children (central chart), the probability line that
represents that the household is not overcrowded (curve 0) crosses the probability line that
represents that the household is overcrowded (curve 1) at a point between −3 and− 2 SD of
θ. This point is far from −3 SD in households without children, and the respective curves 0
and 1 are flat. Also, the IIC curve (dotted line) suggests that the item adds information for
households with children but does not add much information for households without
children.

The analysis of the ICCs for HH040—leaking roof, damp walls/foundations/floor,
rotting window frames or floor—shows similar patterns between households with and
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Global With children Without children

Source: Own calculation (2019).

Fig. 1 Item characteristic curves (ICC) and item information curves (IIC): housing condition items, Source:
Own calculation (2019)
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without children. The IIC curve suggests the item is more informative about depriva-
tion for households without children. This item provides information along most of the
axis of theta and more accurately in the range between 0 and − 2 SD.

Item HS160—problems with the dwelling—captures the greater severity of lack of
privacy in households with children; the intercept point is approximately −2 SD. The
IIC suggests the item is informative for households with children but provides very
limited information for households without children. Thus, HS160 better discriminates
the deprivation situation in households with children.

According to the descriptive statistics of item HH081—bath or shower in
dwelling—presented in Table 2, greater than 97% of households in the full dataset
and the dataset of households without children have a bath or shower; this proportion is
above 99% for households with children. This distribution explains that the ICC line for
the first category, curve 1, is less likely to be chosen, and its probability is not very
distinguishable from the next response choice, curve 0. Regarding the θ scale, these
curves completely overlap, meaning that the categories could be aggregated without
information loss. Thus, HH081 does not discriminate deprivation and provides scarce
information for households with or without children.

3.2.2 Household Financial Capacity

Figure 2 shows the combined graphs by dataset, with the ICC curves (solid lines) and
IIC curve (dotted line) for items related to the housing financial capacity domain. The
ICC lines for item HH050—ability to keep home adequately warm—have a similar
shape across the three datasets. The lowest degree of severity provided by this item is
observed in domiciles without children, as the lines intersect at −1 SD; in households
with children, this point is to the left at −2 SD. The results suggest that children in
households at that level of deprivation (−2 SD) generally live in warmer houses than
adults at the same level of deprivation who live in households without children. The
item provides little information for estimating the latent trait in households with
children, according to the IIC’s shape, which is almost a flat line near the θ axis.

Item HS011—whether the household has been in arrears on mortgage or rent
payments—has missing data due to nonapplicable households, but indicates the per-
centage is 33% in households with children (see Table 2). Despite this, the slope of the
ICCs’ tangent suggests this item discriminates the deprivation level well and also
significantly captures the degree of severity of financial conditions. Each curve shows
the selection probability of a category of the Item HS160 – problems with the dwelling
– captures the smaller severity of dimly lit in households with children; the curves are
slightly shifted to the right, which suggests less hardship for these families. The ordinal
scale of this item is not justified, as the solid ICC lines referring to the “yes, once” and
“yes, two or more times” options completely overlap. Therefore, the item could be
dichotomized. According to the dotted lines (IIC), we notice that this item provides
more information for households located between −1 and − 3 SD on the scale of
financial conditions, with a high level of precision in this range.

The next two items, HS021 and HS031—arrears on utility bills and on purchase
installments or other loan payments, respectively—are also ordinal variables, with the
same categories as the former item and structural missing data. The ICCs and IICs
present patterns similar to those of HS011.
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Source: Own calculation (2019)

Fig. 2 Item characteristic curves (ICC) and item information curves (IIC): housing financial capacity items,
Source: Own calculation (2019)
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The ICCs for HS050 suggest that people living in households with children are
likely to consume protein food. In fact, according to the descriptive analysis in Tables 2,
95% in the full dataset and 96% in households with children regularly consume protein
food. The IIC shows the amount of information provided by the item is very limited for
households with children.

3.2.3 Comfort Goods

The items for the comfort goods domain were tested with three original response
categories (see Table 2). Figure 3 shows the combined plotted ICC and IIC lines.
The charts for HS070 and HS080—communication facilities and color TV,
respectively—have similar patterns and seem to have limited relevance for discrimi-
nating deprivation in households with children.

Item HS090—computer—presents an interesting ICC pattern, which differs between
households with and without children. The well-inclined curves clearly distinguish
households along the domain scale. Note that for the full dataset and the dataset for
households without children, the curves spread widely over the x-axis, which is
represented by the dotted IIC line. For households with children, the item presents a
binary pattern (no or yes), as the first response category for the ICC completely
overlaps the second, and the IIC reveals the item as making an important contribution
to the information function.

The last item in this domain—HS110, possession of a car—presents ICCs similar to
the previous ones, except that the levels of domain measurement precision are some-
what different according to the IIC dotted line. It seems rather more informative for
households without children than for those with children.

3.2.4 Housing Environment

Figure 4 shows the combined ICC and IIC plot by dataset for the environment living
condition items. All charts have similar shapes. Solid ICC lines show that all three
items show a sufficient ability to measure levels of household environment deprivation.
There is only a slight tendency for households with children to be in neighborhoods
with less crime, violence, and vandalism (HS190). The IIC dotted line patterns are also
similar across items and datasets. Overall, the evidence from this test is that conditions
outside the home do not differ much between households with and without children.

3.3 Composite Index of Child Exposure to Household Material Deprivation

The composite index of child exposure to deprivation was obtained by applying the IRM to
a subset of items. Considering the previous results, item selection was based on two
requirements: (1) the item is informative and (2) the item discriminates between households
with and without children. The subset of selected items is as follows: HH030_aux and
HS160 (housing conditions); HH050, HS011, HS021, HS031, and HS050 (household
financial capacity); HS090 and HS110 (comfort goods); and HS170, HS180, and HS190
(housing environment). We recoded ordinal items to dichotomous whenever the respective
ICCs overlapped. Appendix A contains the 12 item parameter estimates. The results suggest
that the items related to household financial capacity and comfort goods capture the highest
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levels of deprivation, whereas items related to the environment and housing conditions are
related to a lower level of deprivation.

Global With children Without children

Source: Own calculation (2019).

Fig. 3 Item characteristic curves (ICC) and item information curves (IIC): household durable goods domain
items, Source: Own calculation (2019)
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Figure 5 illustrates the total information function (TIF, the solid line) and the
respective standard of error measurement (the dotted line), which summarize the global
information contained in the composite index of child exposure to household material
deprivation. As indicated, the composite index discriminates child exposure to depri-
vation well, and the composite index scores are almost zero for wealthy families.

Considering households with children, Table 3 summarizes the descriptive statistics
of the composite index by number of children in the household. The scale unit is a theta
SD. Higher values of the composite index indicate lower levels of deprivation. Note
that scores decrease as the number of dependent children increases. As the composite
index scale is quite asymmetric, we also present the medians. The number of dependent
children increases as the severity of child exposure to deprivation increases, and the
relative dispersion, quantified by the coefficient of variation (CV), consistently

Global With children Without children

Source: Own calculation (2019).

Fig. 4 Item characteristic curves (ICC) for environment living condition domain items, Source: Own
calculation (2019)
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decreases. That is, whereas exposure to deprivation varies (CV = 7.46, one dependent
child) in households with few dependent children, in households with a high number of
dependent children, exposure to deprivation is almost certain (CV = 0.84, four or more
dependent children).

4 Discussion and Conclusion

This study constructs a measurement of child poverty that involves a multidimensional
approach. As the dataset (the EU-SILC) used does not include child-specific information on
an annual basis, we propose to measure child exposure to household material deprivation,
considering the household as the unit of observation and measurement. We include four
domains of deprivation—housing conditions, household financial capacity, household
durable goods, and environment living conditions—that have a direct impact on children’s
wellbeing and development (Saunders and Brown 2019). Following what several re-
searchers have presented regarding the advantages of using a multidimensional approach
(Guio et al. 2018; Qi and Wu 2019), our proposal of four domains is based either on a

Table 3 Composite index of child exposure to deprivation by number of dependent children in household

Number of dependent children Mean Std. Deviation Median Minimum Maximum

One child −0.087 0.649 0.086 −2.677 0.473

Two children −0.092 0.649 0.062 −2.633 0.473

Three children −0.449 0.821 −0.310 −2.768 0.473

Four children or more −0.940 0.794 −0.960 −2.188 0.473

Total −0.120 0.673 0.062 −2.768 0.473

Source: Own calculation (2019)

Source: Own calculation (2019). 

Fig. 5 Total information function (TIF) for the composite index items, Source: Own calculation (2019)
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theoretical foundation or empirical analysis. Thus, we use separate indexes per domain of
children’s exposure to deprivation, as well as a composite index.

Domains such as education, health, and social participation would also be important to
consider, as well as children’s subjective perception of poverty and deprivation (Ben-Arieh
et al. 2014). However, this kind of data is not available in the EU-SILC.Our proposal is not a
child-centered measurement but a proxy designed to give information about children’s
living conditions that constitute a set of important determinants of their wellbeing. To our
knowledge, child povertymeasurements constructed upon the EU-SILC are not available on
an annual basis, which strongly limits the necessary monitoring process of children’s
wellbeing. Moreover, given that the EU-SILC is widely accepted as the most important
dataset used to analyze poverty and social exclusion in the EU, our proposal aims to
reinforce its potential as a means of evaluating child poverty and deprivation.

The item selection compares the composition of each deprivation domain by
applying graded response models (GRM) to three datasets using the 2017 EU-SILC
Portuguese sample. The first dataset includes all households in the sample, the second
dataset consists of households with children (approximately 30%), and the third dataset
includes households without children. The comparison is based on the item character-
istic curves and item information functions for each domain, allowing us to identify the
items that discriminate households with children from those without children. There-
fore, these items capture children’s specificities in terms of household living conditions,
which permits evaluation of how these conditions impact their wellbeing. Given the recent
child-centric trend in child poverty research (Guio et al. 2018; Qi and Wu 2019), our
methodological approach to the EU-SILC data mitigates the lack of poverty-related
attributes measured at the child level. Thus, our results are in line with those showing
that intra-household inequality matters (Brown et al. 2017), particularly if there are
children, and such results reinforce the argument that poverty or deprivationmay influence
children and adults differently. Although we cannot quantify intra-household variability
due to the EU-SILC data design, we did note that households with and without children
have different poverty patterns. In fact, the GRM parameter estimates for each set of items
considered in the four deprivation domains globally demonstrate the existence of different
patterns among the three datasets used. This result highlights the importance of consider-
ing these separate datasets and not the whole sample, as other studies do.

The unidimensionality assumption of each deprivation domain is supported by the
correlation coefficients of the polychoric matrices and the corresponding first eigen-
values. The diagnosis of the four domains constitutes a contribution to conducting
better assessments of child exposure to deprivation, providing important insights for
policy design measures and for monitoring and evaluating programs for poverty
eradication. In considering a different context, it fully applies that:

The accumulation of this kind of evidence not only produces improved under-
standing on the nature, level and variation in child wellbeing, it also places
increased onus on policy makers, service providers and educators to draw on
this kind of evidence when assessing the impacts and effectiveness of their policy
interventions. (Saunders and Brown 2019)

The analysis of the items included in each deprivation domain leads to interesting policy
design implications. In terms of housing conditions, the item related to the number of
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individuals in the household vs. the household dimensions discriminates the severity level of
household conditions in the context of the presence of children, suggesting that households
with children are particularly affected by the effects of living in overcrowded houses. This is
also the case for the item related to existing problems with a dwelling. Within housing
conditions, the lack of a bath or shower in the dwelling captures the lowest levels of
deprivation, as the existence of these conditions is almost generalized. Therefore, the results
suggest a focus on household living conditions in the context of child poverty, which is
consistent with the results of other investigations (Clair 2019; Marsh et al. 2000).

Concerning household financial capacity, the GRM parameter estimates suggest that
financial household conditions are well captured by the items related to the existence of
arrears. Moreover, participation in the labor market does not protect households from
poverty; in fact, the prevalence of in-work poverty is well documented. The generalized
low level of salaries limits the capacity to face current living expenses. These items also
suggest that households with children face the hardest financial conditions. Further, in
the domain of household financial capacity, the item related to the consumption of
protein food provides proof only that it is more important at the lower end of its domain
scale, suggesting that food scarcity only applies to poorer situations.

Within the domain of comfort goods, the items related to communication facilities
and color TV are only important for evaluating situations at the extreme scale values, as
these are generalized in the households. However, in the case of the item related to the
existence of a computer, discriminatory power is very strong along the scale, suggest-
ing that households with children are particularly affected by the lack of this good. This
situation simulates the vulnerability of children regarding cognitive development,
educational success, and social participation, in line with the results found in the
literature (Pinilla-Roncancio et al. 2019). Attention should be paid in terms of the
existence of this kind of good, for example, in schools.

Finally, in what concerns the housing environment domain, it seems that conditions
outside the home do not discriminate between households with and without children.
However, the GRM estimates suggest the items included within this domain are important
tools for evaluating environmental household conditions and, therefore, deprivation.

Our findings also demonstrate that the set of items for deprivation assessment in
households with children should differ from the one used with households without
children, suggesting that the validity and reliability measurements of child exposure to
deprivation require item specificity. To the best of our knowledge, this is the first time
such evidence is reported and taken into account.

The composite index of child exposure to household material deprivation includes 12
items, selected from each of the deprivation domains previously described. These items are
particularly suitable for discriminating households with children on the left-hand side of the
index distribution, in other words, for households with higher levels of deprivation. The
score analysis by number of children in the household suggests that large families tend to
present higher levels of deprivation, in line with the results from other studies discussed in
section 2, and that in such situations, child exposure to deprivation is almost certain.

In terms of future developments, we suggest the following topics: estimation of a
deprivation threshold and use of the whole EU-SILC dataset, including other countries
and other periods. We did not estimate a deprivation threshold in this study, as we
aimed to select the item composition of the indicators constructed, based on rigorous
statistical procedures. As the EU-SILC is a common European procedure, the extension
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of this research to other EU members is simple and could offer important information
for other regions using the measurements proposed. This is also the case with other
periods, which could be important for consolidating the choices made. Also, the use of
the longitudinal EU-SILC dataset could be developed in further research. This kind of
data would improve the information gathered about impoverishment processes by
taking a holistic perspective of children’s living conditions.

The measurement proposed to evaluate child exposure to household material dep-
rivation enables monitoring child poverty using a multidimensional measurement based
on observations of children’s living conditions. This evaluation can be performed on an
annual basis and uses the main dataset produced by EUROSTAT to analyze poverty
and social exclusion. The information gathered through the proposed measurement
could act as a means of operationalizing criteria to evaluate programs, measures, or
policies to alleviate poverty. This measurement would also enable the diagnosis of
extreme deprivation groups and household profiles, providing strategic information for
the design and planning of targeted programs.
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