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ARTICLE INFO ABSTRACT

Keywords: In recent years, concern has increased about affordable and high-quality early childhood education and
Clustering care (ECEC) services. Such services can help balance work and family life, increase workforce participation,
ECEC services

promote gender equality, and increase fertility rates. ECEC services are then essential, especially for countries
facing ultralow fertility rates like Italy. To face these challenges, the Italian government has included an
Supply and demand unprecedented investment in the recovery and resilience plan financed with Next Generations EU funds to
Social services increase the supply of ECEC services and make them more equitably distributed across the country. However,
Spatial proximity socio-economic policies need a comprehensive understanding of demand dynamics and the intricate interplay
between supply and demand of such services. Therefore, in this article, we propose a novel analysis of the
complex combination of supply and demand of Italian ECEC services. We explore patterns of this combination
in terms of groups of spatial areas sharing similar structures of service coverage and public expenditure rates
in ECEC, as well as other socio-demographic and economic factors such as female employment, education,
and grandparent rates. Our empirical findings confirm how Italy is characterized by several distinct territorial
models and how some are shared across multiple regions. Current empirical findings suggest a lack of uniform
governance across the Italian territory. Policymakers can use these results to plan, discuss, and implement
area-specific welfare strategies regarding ECEC services.

Lasso penalty
Multinomial regression

1. Introduction a unidirectional relationship in which a government policy of funding
ECEC services impacts female employment. Instead, the effectiveness

In recent years, there has been increasing attention to the availabil- of this relationship lies in the circularity of supply and demand effects.
ity of early childhood education and care (ECEC) services. A rich liter- Investments bring more availability of ECEC services in the territories,

ature on the social and economic impact of ECEC services is present,
and economists, educators, and policymakers agree on the relevance
of ECEC services [1]. For example, there is shared agreement on how
such facilities promote gender employment equality [2-6] and the
related fight against an aging population [4,7,8]. In addition, ECEC
services have a notable educational and social impact on a child’s
cognitive development, notably when the service offers high-quality
education [9-12]. Moreover, several studies indicate that decreasing

which, in turn, reduces the family commitment of women and stim-
ulates employability, which, in turn, leads to an increase in demand
for the service. The result is a virtuous circle in which these two
factors regenerate each other [14,15]. Therefore, it is paramount for
policymakers to comprehend the intricate interplay between the supply
and demand of ECEC services. By clearly understanding the complex
relationship between the availability of and need for ECEC services, one

service prices and increasing available places impact the families’ de- can develop social welfare policies. By prioritizing the development of
cision to send the child to daycare, improving the mothers’ work  policies that support the provision of ECEC services, policymakers can
participation [2,12-15]. It is important to emphasize that this is not help ensure that all children have the opportunity to thrive and reach
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their full potential and incentivize uniform governance across Italy as
well as in many other European countries.

To our knowledge, no existing studies have undertaken a com-
prehensive analysis of multiple variables concurrently describing the
supply and demand dynamics in ECEC systems, neither in Italy nor
other countries. This paper aims to fill this gap, focusing on the Italian
territory and proposing and discussing a methodological approach that
could also be used elsewhere since several other European countries,
e.g., are facing similar problems and could rely on similar data. Mainly,
most research has focused on the economic impact of providing ECEC
services [16,17]. Other investigations, such as Carlin et al. [18] and
Del Boca et al. [19], have explored factors influencing families’ de-
cisions to enroll children in ECEC services. Additional studies have
analyzed the impacts of welfare policies on the supply and demand
of ECEC services [20,21]. Moreover, extensive research has been con-
ducted on examining the availability and overall social expenditure on
ECEC services [13,22-25]. In Italy, Dipartimento per le politiche della
famiglia et al. [26] has presented exploratory analyses shedding light
on the regional variability in the supply and demand of ECEC services,
described and expanded in the following subsection.

1.1. Italian context and objectives

In a recent study, Dipartimento per le politiche della famiglia et al.
[26] reported substantial variability in terms of supply, focusing on
the level of coverage; such a quantity is central to our work and is
defined as the ratio of available spots in ECEC structures on children
under 3 years. Notably, coverage across the Italian territory is below
the European average and the European Union target, which is fixed
at 33%, where thirteen European Union countries have reached this
target [27], with minimum coverage equal to 0.6% (Slovakia) and a
maximum of 71.1% (Denmark). Focusing on the year 2019, North-East
and Central Italy confirm the level of coverage above the European
target (with 34.5% and 35.3% respectively), and North-West Italy is
getting closer to the target (31.4%), while the South and the Islands
are still far from the target (with 14.5% and 15.75% respectively). Such
variability in the supply is also evident in terms of the type of services
(i.e., public and private ones); for example, South Italy has a percentage
of public ECEC services equal to 41.1%, while in the North East, it
equals 55.1% (above the national mean equals 49.1%).

Most importantly, Dipartimento per le politiche della famiglia et al.
[26] noted a substantial variability at a much finer spatial level than
those canonical macro areas, such as between regions and also sub-
regionally. The largest level of coverage is found in the larger munic-
ipalities like Bologna, Firenze, Roma, Milano, and Venezia; however,
deep differences are observed between metropolitan and suburban ar-
eas. For example, coverage in Torino is close to 35% if the metropolitan
area is considered, while coverage is roughly 25% outside the subur-
ban area. Regarding the per-capita public expenditure, ideal situations
are in regions like Trentino (a “statuto speciale” region), Valle d’
Aosta, Emilia Romagna (i.e., northern regions), Lazio, and Toscana
(i.e., central regions). Instead, sub-ideal conditions are observed in
Calabria, Campania, Puglia, and Basilicata (i.e., southern regions). Such
variability within the macro-area is also consistent if the percentage of
public services is analyzed. For example, the large percentage of public
services in North-East Italy is mainly due to Emilia Romagna (71.2%),
Bolzano (54.1%), and Trento (76%). The remaining northeast regions
(i.e., Veneto, Friuli-Venezia Giulia) have percentages of public services
significantly below the national average.

Dipartimento per le politiche della famiglia et al. [26] also analyzed
some aspects of the demand side of ECEC services in Italy through the
sample survey “Aspects of daily life” available at https://www.istat.
it/it/archivio/91926. In this survey, 25000 households distributed in
about 800 Italian municipalities are interviewed about school, work,
family and relationship life, housing and area of living, leisure time,
political and social participation, health, and lifestyles. The analysis has
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found that most of the children that use ECEC services have working
parents (~60%), fathers with a high level of education (~41,6%), and
no economic problems (x~30%); geographical distance and the cost of
ECEC services were indicated among the primary motivations for the
non-participation to such services.

While the geographical variability in ECEC services supply in Italy
has been well documented, recurrent supply and demand patterns still
need to be explored. Our study aims to focus on this gap. Specifically,
we investigate how Italy is characterized by patterns of supply and
demand that do not correspond to administrative territories but are
driven instead by subregional models shared across different regions.
Rather than centering on welfare policies’ influence on social and
economic aspects, our paper seeks to identify patterns that might help
policymakers formulate strategies to enhance ECEC services. The anal-
ysis proposed is especially crucial in nations such as Italy, where the
lack of national and/or regional governance has resulted in significant
variability in the availability of these services.

The analysis is developed at the administrative unit (Ambito Terri-
toriale Sociale (ATS), i.e., intermunicipality social unit) level within the
region and the province. From the perspective of political planning, the
choice to focus on this micro-scale level to explore the intra-regional
variability of ECEC services can be motivated by various factors. In
Italy, the educational offer for children from zero to six years old
consists of two segments characterized by very different developments,
even if they are considered today within a single integrated offer of
ECEC services. Indeed, ECEC services have historically been included
in social services instead of educational services (such as primary
schools). For this reason, they have long been the subject of decen-
tralized decisions with a substantial absence of central governance.
In addition to a poorly controlled and uneven proliferation of de-
tailed regulatory acts and interventions at local government levels, this
development has brought evident territorial differences in providing
childcare services [26]. Regions identify the ATSs to support or replace
the municipalities in managing social interventions and services (Italian
law d.lgs328/2000) to reduce these micro-territorial differences in
social interventions. They are formally defined as inter-municipal ag-
gregations that handle social programming and often intersect with the
scheduling of childhood education. Therefore, ATS can be considered a
plausible territorial dimension to obtain a description more in line with
the reality of accessibility to ECEC services, taking into account their
distribution in areas larger than municipal ones and, simultaneously,
bringing out any specific differences between certain areas, such as re-
gions and provinces. Indeed, widespread and homogeneous distribution
of ECEC services at the municipal level is rare. In most of them, the
supply of services is concentrated in some municipalities more than in
others, and it is well known that several families bring their children
to a different municipality due to the lack of available places in the
municipality of residence [e.g., 28].

The main objective of this work is to find, investigate, and describe
clusters of ATSs that are similar in terms of supply and demand struc-
ture. We allow such clusters to span different regions, characterizing
the shared services patterns across the territory and defining sub-
regional welfare models. We focus on 2019 data on ECEC services from
the ISTAT (the Italian National Institute of Statistics) survey “Survey
of early childhood education and care services” that describes the
supply side and its structure [29]. These data are integrated with
cultural and social indicators that could characterize the structure of
the demand, such as the fertility rate, the presence of family support
(e.g., grandparents), and the parents’ education, from the permanent
census of 2019 [30]. More specifically, the analysis is divided into two
steps. First, a clustering method with geographical penalization is used
to identify groups of ATSs that share similar patterns in terms of the
supply and demand combination, using a regionalization method called
SKATER (Spatial ‘K’luster Analysis by Tree Edge Removal, Assuncao
et al. [31]). A distance-based clustering algorithm allows for finding
clusters of ATSs that also belong to different regions. At the same time,
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the additional spatial constraints facilitate the estimation of smooth
clusters across neighbor ATSs, improving the interpretability of the
estimated structure. As a second step, we fit a penalized multinomial
regression model [32,33] to link the clustering membership with the
socioeconomic indicators that characterize the socioeconomic level of
each ATS; this approach allows one to select the factors that influence
the probability of belonging to a specific cluster and measure their ef-
fect, thereby providing a more complete description of the phenomena
under investigation.

In summary, the contributions of this paper to the literature on
ECEC services are threefold: (1) linkage of high-dimensional data de-
scribing the supply and demand combination of ECEC services (i.e., the
ISTAT survey “Survey of early childhood education and care ser-
vices” [29] and the permanent census, ISTAT [30]) at a proper spatial
level (i.e., ATS level); (2) analyze with suitable statistical methods the
multidimensional structure of this combination (i.e., spatial clustering
approach [31] and penalized multinomial regression [32,33]), offering
a valuable methodology for similar studies, also in other countries;
(3) identify sub-regional models that characterize the supply and de-
mand dynamics of ECEC services in Italy, highlighting the importance
of discovering and understanding these patterns for policymakers to
formulate effective and targeted policies.

The paper is organized as follows. Section 2 introduces the variables
analyzed coming from the two datasets described before, i.e., the ISTAT
survey “Survey of early childhood education and care services” [29]
and the 2019 permanent census [30] and the theory behind the statisti-
cal methods utilized. In particular, Section 2.1 shows some descriptive
statistics, while Section 2.2 introduces the SKATER regionalization
method [31]. Finally, Section 3 outlines the results of the spatial
clustering analysis and penalized multinomial regression model.

2. Data description and statistical analysis

In this work, two data sources are used to capture the complex
structure of the demand and supply of Italian ECEC services. We
concentrated on analyzing data from the year 2019, as our primary
objective is to provide an initial overview of ECEC services in Italy
and demonstrate how this analysis can serve as a valuable tool for
policymakers. However, conducting a follow-up analysis would be of
great interest and is planned for future research.

As the introduction outlined, we considered the ATSs as spatial
statistical units. The Italian territory is divided into 20 regions, each
divided into provinces, which are, in turn, divided into municipalities,
then gathered into ATSs, particularly for the planning and coordination
of social services. For example, the Veneto region is divided into 7
provinces and 593 municipalities. Table 1 shows each Italian region’s
number of ATSs and municipalities; current data comprise n = 606 ATSs
across 20 regions.

The supply side of ECEC services is described using data from
the ISTAT survey “Survey of early childhood education and care ser-
vices” [29], while the demand side by data from the 2019 permanent
census [30]. Table 2 briefly describes the variables used in the anal-
ysis. The first two (i.e., coverage and per capita public expenditure
rate) represent the supply side, and the remaining variables describe
the demand side. The latter variables were chosen to define possible
solutions that can be roughly considered an alternative to ECEC services
(e.g., babysitters, grandparents, extended families) and to outline the
socio-economic characteristics of the population of each ATS.

2.1. Descriptive statistics

We propose some exploratory analysis to illustrate the data variabil-
ity; refer to Appendix A for a more complete analysis.

Fig. 1 shows the relationship between the coverage and the female
employment rate (left panel), grandparents rate (center panel), and the
Social and Material Vulnerability Index (IVSM) (right panel) divided

Socio-Economic Planning Sciences 95 (2024) 102034

Table 1
Number of ATSs and municipalities for each Italian region.
Region N. ATSs N. municipalities
Piemonte 49 1221
Valle d’Aosta/Vallée d’Aoste 5 74
Lombardia 88 1567
Trentino-Alto Adige/Siidtirol 17 355
Veneto 21 593
Friuli-Venezia Giulia 18 223
Liguria 18 236
Emilia-Romagna 38 361
Toscana 26 301
Umbria 12 92
Marche 23 245
Lazio 37 378
Abruzzo 24 305
Molise 7 136
Campania 57 552
Puglia 45 259
Basilicata 9 131
Calabria 32 411
Sicilia 55 390
Sardegna 25 532

by Italian macro areas, i.e., North-East (Trentino-Alto Adige, Veneto,
Friuli-Venezia Giulia, Emilia-Romagna), North-West (Valle d’Aosta, Lig-
uria, Lombardia, Piemonte), Center (Toscana, Umbria, Marche, Lazio),
South (Abruzzo, Molise, Campania, Puglia, Basilicata, Calabria) and
Islands (Sicilia, Sardegna). The black lines represent the corresponding
fitted local polynomial regression.

The left panel of Fig. 1 highlights a positive relationship between
coverage and female employment rate, as the existing literature sug-
gests [2,5,6]. In particular, northern areas have higher coverage and
participation of females at work, starkly contrasting the situation in
southern Italy [26]. In the middle panel of Fig. 1, we observe a posi-
tive relationship between coverage and grandparent rate with variable
strength. However, the grandparent rate should be considered with
caution. It was built to represent a viable alternative to daycare, but
due to a lack of data, the index was built by considering the total
population of retirees. Therefore, it also includes the older population,
who can hardly support children. Moreover, this index is influenced by
the region’s demographic characteristics, i.e., high values in the areas
characterized by an older population, such as Liguria and Sardegna. Fi-
nally, it is interesting to note the relationship between coverage and the
IVSM index, reported in the right panel of Fig. 1, where it is evident that
Italian areas with low social and economic levels are deprived of ECEC
services. As found by numerous literature (e.g., [26,35-37]), ECEC
services are often affordable only for families with specific economic
and social characteristics, thus causing a critical social gap.

The four panels of Fig. 2 show the coverage (top-left), female house
(top-right), commuter (bottom-left), and fertility (bottom-right) rates at
ATS spatial level; thick black segments highlight the regional borders.
Looking at the top panels of Fig. 2, there are clear signs of the north-
south gradient regarding coverage and female house rate. North Italy
is characterized by a proportion of females at home that is smaller
than South Italy and also a larger coverage rate, as previously seen in
Fig. 1; clearly, the rate of females at home is directly related to the
female employment rate analyzed in Fig. 1. However, Fig. 2 provides
further insights into the strong variability observed in these two rates
at the regional and sub-regional levels, as discussed in the Introduction.
For example, some ATSs in the North (e.g., in Emilia Romagna) report
larger coverage than the nearby ATSs, and similar patterns are observed
in Sardegna and Abruzzo. In contrast, the rate of females at home seems
more spatially homogeneous.

The bottom-left panel of Fig. 2 indicates that the commuting rate
is greater around large metropolitan areas. This index is meaningful
because it suggests families’ possible displacement and, therefore, a
different need for educational services regarding the lease. Commuter
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Table 2

List of the variables analyzed. The first two variables describe the supply side of ECEC services, while the remaining outline the demand
side.

Variable Description

Coverage Number of daycare places/Number of resident children

Per capita public expenditure rate

between 0-2 years old
(calculated on the resident population between 0-2 years old)

Female employment rate

Female house rate

Commuter rate

Male educational qualification rate
Female educational qualification rate

Foreign rate
Grandparent rate

Babysitter rate

Number of members in the household
Fertility rate

Social and Material Vulnerability Index

Number of resident females working/number of resident
females between 20-64 years old

Number of resident females not working at home/number
of resident children between 0-2 years old

Number of commuters workers outside the municipality
/number of workers

Number of males with a degree higher than high

school degree/number of males over 20 years of age
Number of females with a degree higher than high

school degree/number of females over 20 years of age
Number of foreign residents/number of residents

Number of resident retired persons/number of resident
children between 0-2 years old

Number of resident females not working (studying) between
15-25 years old/number of resident children between 0-2 years old

Number of resident children with age 0/ number of resident
females between 15-49 years old.
It comprises seven different indicators capturing household

(IVSM) size, education level, employment status, welfare distress,
and severe crowding condition in the housing situation.
For a more detailed description, please refer to [34]
0.6 e, 0.6 0.6
0.4 0.4 0.4
() Q Q
o o o
(] (] (]
o o o
2 2 $
] 2 2
o o o
0.2 0.2 0.2
0.0 . 0.0 . . 0.0 .
0.15 0.20 5 10 15 20 95 100 105 110 115

Female employment rate

Geographical division

Grandparent rate

Center * Islands ® North-East ® North-West

Social and Material Vulnerability Index

South

Fig. 1. Scatter plots between coverage and the female employment rate (left), grandparents rate (center), and the Social and Material Vulnerability Index (IVSM) (right) divided
by macro areas (Center, Islands, North-East, North-West, and South). The black lines represent the fitted local polynomial regression.

parents will probably choose a daycare near work, for example, in
another ATS rather than in the place of residence or near the place
of residence [28]. It is well-known in the literature that the probability
of a female taking a job decreases as the work travel time increases.
Females are more likely to take flexible employment close to home to
balance work and private life more easily [38,39]. This again leads
to gender inequality, which policymakers need to consider by, for
example, creating daycare places in those areas marked by commuting
workers. Finally, the right bottom panel of Fig. 2 represents another
critical aspect of the ECEC services demand, the fertility rate. Focusing
on the national scale, the gap between the North and South is smooth.
However, we can point out that the fertility rate of Siidtirol, known for
its innovative family welfare (e.g., social farming), is among the highest
in Italy [40]. While this fact suggests that an efficient social policy can
help to increase the birth rate of a population [41], the relationship
between ECEC availability and fertility is likely to be complex and in-
fluenced by many more factors such as personal preferences, economic
considerations, and cultural norms [26].

Overall, there is much evidence of regional and sub-regional vari-
ability in the supply and demand of ECEC services. Clearly, these
descriptive statistics do not provide sufficient information on the be-
hind complex relationships, and proper statistical models are necessary
to achieve this aim.

2.2. Spatial clustering

We propose a cluster analysis to estimate groups of ATSs that are
similar in terms of the observed characteristics outlined in Section 2.1.
Traditional clustering approaches (e.g., k-means [42] and hierarchical
clustering [43]) minimize the within-group dissimilarity and maximize
the dissimilarity between groups. Often, such similarities are expressed
in terms of distances. However, these methods do not consider spatial
contiguity, which is a crucial aspect to be accounted for when modeling
territorial services; indeed, we expect that spatially contiguous ATSs
might share similar levels of services, and this information should be
included in the modeling approach. Due to this, we consider cluster-
ing algorithms for spatial data that can exploit the available spatial
information in constructing the clusters; refer to Xu and Tian [44]
for a complete review of clustering methods. A possible method for
defining homogeneous spatial clusters following certain variables is re-
gionalization [45]. This technique of spatial statistics is used in various
disciplines, and it has been used to capture environmental [46], socio-
economic [47], epidemiological [48] and climatic [49] spatial clusters.
Regionalization aims to maximize the within-cluster similarity and
minimize the between-cluster similarity, taking into account the spatial
information of the data. These methods are formulated as constrained
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Fig. 2. Geographical map representation of the coverage rate (left top), female home rate (right top), commuter rate (left bottom), and fertility rate (right bottom) at the ATS

spatial level. The thick black segments represent the regional borders.

optimization problems, where the constraint is based on the spatial
contiguity of the spatial units.

Let us consider the p = 13 variables of Section 2 measured for
each spatial unit (ATS) as x; = (x;1,...,x;13) with i = 1,...,606.
The regionalization approaches aim to find k groups of spatial units,
where units in the same group are characterized by similar values of
x and units in different groups by different values. Each spatial area
is described as a polygon with vertices and boundaries. The spatial
constraint is based on the spatial neighborhood structure defined by
geographical adjacency: the spatial areas share at least one boundary or
vertex (i.e., queen approach [50]). The spatial constraint can be relaxed
by summarizing the spatial units by their centroids. We then define
that two spatial areas i and j are spatially contiguous if and only if
the distance d; ; (e.g., Euclidean distance) is less than a fixed maximum
distance r € R*. The elements of the adjacency matrix W = [w;;] with
dimensions 606 x 606 are then defined as

1 ifd; <
w;j = =T M
0 ifd;>r

and are used to construct the graph. Here, the distance is computed
considering the latitude and longitude of the centroids for each spatial
unit i. Because we are considering relatively small areas with fairly
regular shapes, the centroid represents a reasonable summary measure
of the spatial area described by the polygon.

Leveraging on the SKATER algorithm [31], the spatial units sum-
marized by their centroids can be modeled as a node in an undirected
graph [51] represented via the adjacency matrix of Eq. (1). Therefore,
the spatial constraint of the SKATER algorithm is included when the
initial graph is constructed, i.e., when the adjacency matrix W defined
in Eq. (1) is determined. The spatial clusters are then defined as

connected subgraphs that minimize the within-cluster heterogeneity,
computed by associating a cost or weight c;; to each edge that connects
the nodes (i.e., spatial units) i and j. These weights are based on
the squared Euclidean distance between locations i and j with respect
to their attribute vectors x; and x;. The within-clusters similarity is
then described as the Euclidean squared distance between the location
attributes in cluster k and the cluster means of these attributes. The
SKATER algorithm uses the minimum spanning tree approach to reduce
the graph complexity. After constructing the corresponding minimum
spanning tree, the SKATER algorithm prunes the tree for the desired
number of clusters to minimize the within-cluster variability; refer
to Assunc@o et al. [31] for further details.

After clustering the spatial units, a multinomial regression model
with ¢, penalization on the coefficients [32,33] is fitted on the clus-
tering indicators against the supply and socio-demographic factors.
Such an approach allows explicitly linking the probability of being
in a specified cluster with the covariates described in Table 2. The
regularization of the coefficients notably improves interpretation and
deals with multicollinearity since only a small number of variables are
selected for characterizing the membership to each cluster.

3. Results

Fig. 3 describes the clusters created by the SKATER algorithm
imposing k = 15 clusters. The value of k was selected via the silhou-
ette index. Fig. 4 shows the silhouette values across several k values
(i.e., k € {5...,20}) and r spatial constraints (i.e., » € {15.5x 10%,55.5%
10,95.5%10%,175.5% 10*, 10x 10°}). Fig. 4 suggests that k = 15 provides
a reasonable choice even across different values of r; also, a number of
clusters k > 15 complicates their interpretation and, therefore, should
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Fig. 3. Geographical representation of the 15 clusters created by the SKATER algorithm
with flexible spatial constrain.
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Fig. 4. Silhouette values considering several numbers of clusters k and several values of
spatial constraint . The black solid line corresponds to the spatial constraint presented
in this paper, i.e., r =15.5x 10*

be justified with care. The black solid line represents the scenario of our
analysis related to the minimum value r to have a connected graph. As
r increases, the spatial constraint is then relaxed. We can note how our
case (i.e., r = 15.5x 10*) outperforms the other situations in all cases in
terms of silhouette. This result confirms that geographic constraint in a
clustering analysis on data such as those analyzed improves the quality
of clusters in terms of cohesion.

While comprehending the data from 15 clusters is challenging, a
detailed analysis can benefit local policymakers. Here, we provide a
simplified summary. Therefore, to better understand the significance of
the information brought by the proposed approach, we have conducted
further analyses, identifying three groups composed of multiple clusters
and four clusters that instead have different characteristics and deserve
dedicated analysis. Figs. 5, 6, 7, 8 describe these groups of clusters.
Each plot reports the ATSs involved in the cluster, and bar plots
describe the averages of the scaled variables within the clusters. Table 3
shows the unscaled averages of the variables defined in Table 2 within
each cluster and at the national level. After identifying the groups, a
penalized multinomial regression model for the cluster membership on
the socio-economic factors is estimated to understand the most impor-
tant determinants of each cluster, selecting the amount of penalization
via 10-folds cross-validation. Cluster 8 (i.e., the one colored in dark
blue in Fig. 3) is considered the reference category for multinomial
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regression since it represents the cluster closer to the national average.
It covers mainly the Lazio region without the Roma municipality. This
section includes details on the interpretations of the most relevant
coefficients, while the complete estimates are reported in Table 4 in
Appendix B.

The research aims to understand national and interregional varia-
tions in the interplay between the supply and demand of ECEC services,
highlighting recurrent patterns. We then interpret the results from the
clustering analysis and the penalized multinomial regression, empha-
sizing the supply and demand variables that define each cluster and
presenting potential recommendations for policymakers.

Fig. 5 describes the “South Italy” group composed of clusters 2, 13,
14, 15 characterized by low coverage, high social and material depri-
vation, a large number of components in the family, and a low female
employment rate. However, cluster 2 (covering mainly the southern Ap-
penini region and the Salento areas) has a better ECEC service situation
with respect to the other three in terms of coverage, female employ-
ment rate, and social and material deprivation as evident from the left
and right plots of Fig. 1. This cluster is also characterized by some possi-
ble alternatives to the ECEC service, i.e., babysitters and grandparents.
We can also note that cluster 15 includes the Sicilia region without the
main municipalities, while cluster 13 comprises the Sicilian urbanized
areas. In Sicilia, the situation of the main municipalities is worse than
in suburban areas.

Focusing on the penalized multinomial regression’s results (Table 4,
Appendix B), the female employment rate negatively affects the prob-
ability of being in clusters of the “South Italy” group (i.e., Fig. 5).
This reflects the scenario described in the left plot of Fig. 1 and in the
top right spatial plot of Fig. 2. In addition, the main municipalities of
Sicilia (i.e., cluster 13) and the area covering mainly the Salento and
Appenino (i.e., cluster 2) are characterized by a low value of commuters
and foreign (e.g., log relative risk with respect to cluster 8 decreases by
approximately 2 for a one-unit increase in foreign rate). The south of
Italy, without the area of Appenini and Salento (i.e., cluster 2), lacks
coverage. The log relative risk with respect to cluster 8 decreases by
approximately 2 for a one-unit increase in coverage.

Even with an expanding supply, the demand for ECEC services in
South Italy might continue to be low if access is impeded by fac-
tors like high tuition fees, geographical distance, and perceived low
quality of service. Therefore, policies should be designed to ensure
widespread accessibility of ECEC services in these areas while simul-
taneously increasing the overall supply. This approach is crucial in
overcoming cultural barriers to service utilization and relieving moth-
ers from the responsibility of early childcare, which can significantly
impact employment rates.

The second group of clusters (called “Center-North Italy”) com-
prises ATSs from the North and the Center, i.e., clusters 4, 7, and
11 represented in Fig. 6. This group of clusters is characterized by
high coverage and female employment rate, as well as low social and
material vulnerability index. In addition, clusters 4 and 11 (covering the
suburban areas of Milano, the Roma municipality, and some areas of
the Marche, Toscana, and Lombardia) are also distinguished by a high
level of female and male education. Cluster 7 (covering the Bolzano and
Emilia-Romagna areas) is characterized by high foreign and per-capita
expenditure rates. Cluster 11 includes ATSs outside the main Italian
municipalities like Torino and Milano, where the commuter rate is large
and characterized by many workers who live in the suburban areas but
work in the city as clear from the top left plot in Fig. 2.

The probability of being in the “Center-North Italy” group, in par-
ticular, the area covering part of the Emilia Romagna and the province
of Bolzano (i.e., cluster 7), is positively affected by coverage, per capita
expenditure rate, and negatively by the female house rate as expected
looking at the exploratory plots in Figs. 1 and 2. For example, the log-
risk ratio increases by roughly 2 (at least) for a one-unit increase in the
per capita expenditure rate and decreases by roughly 2 (at least) for a
one-unit increase in the female house rate.
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Table 3

Averages of the unscaled variable described in Table 2 stratified by cluster represented in Fig. 3 and at the national level (first column).
Variable Italy 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Coverage 0.255 0.419 0.219 0.077 0.366 0.266 0.293 0.395 0.236 0.284 0.280 0.358 0.243 0.097 0.134 0.142
Per capita exp. rate 678.134 2311.934 346.207 116.934 1119.004 506.171 750.175 1732.483 336.883 685.582 482.417 880.669 777.702 286.622 214.607 331.926
Female employ. rate 0.191 0.228 0.170 0.147 0.211 0.206 0.207 0.221 0.192 0.198 0.189 0.219 0.194 0.147 0.164 0.163
Female house rate 4.345 2.599 5.390 5.703 3.631 3.337 3.602 2.573 4734 4611 6.030 2.850 4.863 5.874 5.489 5.501
Commuter rate 0.392 0.209 0.301 0.375 0.338 0.551 0.514 0.465 0.421 0.492 0.293 0.617 0.197 0.201 0.340 0.230
Male edu. rate 0.093 0.184 0.087 0.082 0.111 0.073 0.084 0.096 0.091 0.077 0.069 0.124 0.169 0.075 0.091 0.091
Female edu. rate 0.107 0.188 0.102 0.095 0.128 0.085 0.095 0.113 0.107 0.086 0.096 0.130 0.186 0.084 0.106 0.106
Foreign rate 0.239 0.574 0.127 0.121 0.317 0.333 0.253 0.370 0.325 0.216 0.079 0.332 0.174  0.146 0.153 0.139
Grandparent rate 9.844 9.363  10.986 4418 11416 8.670  11.879 9.913 8.811 16.216  12.475 9.435 9.454 5.475 6.933 8.665
Babysitter rate 1.488 1.323 1.711 1.362 1.534 1.265 1.487 1.348 1.437 1.707 1.741 1.410 1.705 1.260 1.476 1.536
N. members household 2.304 2.081 2.298 2.848 2.285 2.367 2.160 2.294 2.240 1.997 2.226 2.301 2.351 2.485 2.516 2.297
Fertility rate 0.035 0.037 0.032 0.039 0.033 0.038 0.034 0.037 0.034 0.029 0.029 0.036 0.032 0.040 0.036 0.035
IVSM 99.847  98.883 100.159 109.198 99.170  97.840  97.638  98.530 100.214  97.872  99.288  97.271 100.045 103.937 101.418 102.027

Male edu. rate
Female edu. rate
Foreign rate

Per capita exp. rate
Commuter rate
Grandparent rate
Female employ. rate
Fertility rate

Female house rate
Babysitter rate

N. members household

IVSM

Coverage
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Fig. 5. “South Italy” group composed of clusters 2, 13, 14 and 15 represented by different colors. Left plot: bar plots representing each cluster’s mean values of the scaled

variables. Right plot: geographical representation of the clusters 2, 13, 14, and 15.

These areas of the country are among the most virtuous in Italy,
where the historical development of public ECEC services has resulted
in a relatively high and evenly distributed supply in the territories and
where female labor market participation is among the highest in the
country. The “Center-North Italy” group serves as a beacon for poten-
tial best practices that could be adopted nationwide. Understanding the
factors contributing to their success could inform targeted strategies for
replicating this estimated pattern in other regions.

Fig. 7 represents the “North Italy” group, consisting of clusters 5,
6, and 9, which cover most of the northern regions except the Milano
and Torino and other northern municipalities. Low female and male
educational qualification rates, high commuter rate, a low social and
material vulnerability index, and medium-high coverage characterize
these areas of North Italy. These ATSs have a relatively good situation;
however, cluster 9 (i.e., part of the Liguria and northern Piemonte
regions) probably can leverage more alternatives to ECEC services than
the others, having high grandparents and babysitter rates. Furthermore,
these clusters can be classified as the comparatively less prosperous
northern ATSs, with satisfactory social and economic conditions but
still inferior to the “Center-North Italy” group (i.e., Fig. 6). Similarly

to the “Center-North Italy” group, this group encompasses ATSs lo-
cated outside the primary municipalities, distinguished by a significant
commuter rate.

The probability of being in clusters covering the suburban areas
around Milano (i.e., clusters 5 and 11) and Torino (i.e., cluster 6),
the Varese, Domodossola, Como areas (i.e., cluster 9) increases along
with the commuter rate and decreases along with the female house
rate. In fact, commuter workers are prevalent in most northern-west
suburban areas (except for the main municipalities such as Milano and
Torino, represented by cluster 1). Again, we can check the distribution
of commuter workers by looking at Fig. 2 (bottom left plot).

In these areas, ECEC services must be focused on families composed
of commuter working parents. One potential policy approach could
involve directing childcare resources toward the municipalities where
parents work, encouraging cooperation among local governments to
fund educational services (or even encouraging the creation of daycare
centers as part of corporate welfare), and enhancing the usability of
these services. Providing flexible hours for dropping off and picking
up children and extending afternoon hours can significantly boost
participation in ECEC services among working families.
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Fig. 6. “Center-North Italy” group composed of clusters 4, 7 and 11, represented by different colors. Left plot: bar plots representing each cluster’s mean values of the scaled

variables. Right plot: geographical representation of the clusters 4, 7 and 11.
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Fig. 7. “North Italy” group composed of clusters 5, 6 and 9, represented by different colors. Left plot: bar plots representing each cluster’s mean values of the scaled variables.

Right plot: geographical representation of the clusters 5, 6 and 9.

Finally, clusters 1, 3, 10 and 12 are described in Fig. 8 but they
should be analyzed separately. Cluster 10 includes only the Sardegna
region, characterized by an old population (i.e., low fertility rate and
high grandparents rate). Instead, cluster 1 comprises the main mu-
nicipalities of North Italy, e.g., Milano and Torino. A high level of
education characterizes this cluster for both males and females due to
the presence of major universities. Since this cluster is composed of

ATSs placed in big cities, the foreign rate is also high, and the commuter
rate is low, i.e., these cities are attractive to foreigners, and workers do
not move to get to work. Finally, these ATSs have a large coverage
of ECEC services, as well as good participation of females in the labor
force. Cluster 3 includes the area around the city of Napoli. It is the
most deprived one and shows large values of social and vulnerability
index, low coverage, and low rates of alternative ECEC services such
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Fig. 8. Clusters 1, 3, 10 and 12 represented by different colors. Left plot: bar plots representing each cluster’s mean values of the scaled variables. Right plot: geographical

representation of the clusters 1, 3, 10 and 12.

as babysitters and grandparents. Finally, cluster 12 is composed of
ATSs placed on central and southern municipalities characterized by
the presence of several major universities. In fact, we can observe a
high education rate for both females and males and a possibility of
employment locally, observing a commuter rate lower than the national
average.

The foreign and fertility rates affect the probability of being in
the region of Sardegna (i.e., cluster 10). The log relative risk ratio
decreases by roughly 2 for one-unit increases in the fertility rate. In
fact, Sardegna suffers from an accentuated process of population aging.
A similar situation is observable in Liguria and northern Piemonte
(i.e., cluster 9) and the Appenino and Salento areas (i.e., cluster 2).
In these areas, more so than in others (although Italy as a whole is
facing extremely low fertility rates), the coverage of ECEC services is
witnessing a significant increase. However, this growth is not due to a
rise in supply but rather stems from an overall decline in the number
of children. To prevent the risk of under-utilization of ECEC services
resulting from reduced user numbers and the prevalence of informal
care provided by grandparents and relatives, it becomes crucial to
establish conditions that encourage higher participation rates among
families. This can be achieved by reducing service utilization barriers
and improving accessibility. Additionally, it is necessary to implement
robust birth policies alongside efforts to expand the overall supply of
ECEC services.

Instead, cluster 1 (i.e., big northern municipalities) is denoted by
a negative female house rate (i.e., the log relative risk decreases by
roughly 3 for a one-unit increase in the female home rate). Cluster 3
(i.e., Napoli area) is characterized by a positive number of members
in the household (i.e., the log relative risk increases by roughly 5
for a one-unit increase in the number of members in the household).
Cluster 12 (i.e., universities cities) is denoted by a significantly positive
effect of the male educational qualification rate (i.e., the log relative
risk increases by roughly 3 for a one-unit increase of the male edu-
cational qualification rate) and by a negative effect of the commuter
rate (i.e., the log relative risk decreases by roughly 2 for a one-unit
increase of the number of the commuter rate). These specific features
are important since policymakers can consider these characteristics

to address design welfare policies, e.g., cluster 12 could implement
policies to promote the birth rate among young couples attending
universities. This can be accomplished by facilitating residency choices
and providing ECEC services not only for local students and graduates
but also for those coming from outside the region.

These analyses clearly reveal the variability in the combination of
supply and demand for ECEC services in Italy. Drawing on the analyses
presented here, it becomes possible to design public policies specifically
suited to each territory’s distinct characteristics. These policies should
go beyond considering the mere presence of ECEC services and con-
sider the socio-demographic and economic characteristics of the local
population. These factors are crucial in shaping public policies that
successfully promote and increase family participation rates in these
services.

4. Conclusions

Considering the entire Italian territory, the average coverage rate of
ECEC services stands at 27.2 places for every 100 toddlers, below the
European minimum target fixed at 33 authorized places for every 100
children and taken up by the Italian National Recovery and Resilience
Plan (NRRP) as the goal to be achieved. If we disaggregate the national
situation, great differences emerge between territorial divisions, with
large geographical areas such as North-East and Central Italy presenting
on average coverage above the European target, the North-West close to
the target, while the South and the Islands are still far from the target.
More in-depth analysis has shown that differences in supply levels are
present not only between macro areas and regions but also within
them, e.g., peripheral areas versus urban centers and mountainous
areas versus non-mountainous ones. This variability appears to stem
from historical factors related to demand dynamics (e.g., declining
birth rates, female labor participation) and from local and regional
government policies in developing social and educational services. The
lack of effective national and, in many cases, regional governance has
hindered uniform and widespread development. Only some regions
have a spatially uniform distribution of services; in most (including
many areas in the North), the supply of services is concentrated in
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Fig. 9. Exploratory plots (i.e., scatter plots, histograms, and boxplots) for each variable described in Section 2 stratified by macro areas (Center, Islands, North-East, North-West,

and South).

Table 4

Estimated coefficients from penalized multinomial model.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9 Cluster 10 Cluster 11  Cluster 12 Cluster 13 Cluster 14 Cluster 15

Intercept —3.138 3.477 —6.173 3.546 0.877 3.160 -0.512 4.375 -1.713 -2.219 -2.173 —-0.376 —4.087 2.443 2.511
Coverage 0.000 0.350 —0.427 0.891 0.915 0.000 0.847 0.526 —-0.078 0.000 0.157 —0.562 —0.424 -1.514 —1.338
Per capita expenditure rate 1.080 —1.247 0.000 0.356 —0.083 0.147 1.905 —1.836 0.000 —0.492 0.000 0.000 0.000 -1.027 0.000
Female employment rate 0.000 -2.653 0.000 1.297 —-0.250 0.155 0.985 0.000 0.578 2.522 0.000 0.000 -3.023 —-2.101 —-1.515
Female house rate —2.637 —0.749 0.000 -0.117 1.057 —0.032 —-1.750 1.029 0.542 1.462 —1.401 0.000 1.283 0.216 0.000
Commuter rate -0.013 —0.427 0.000 —0.640 0.719 1.101 1.080 0.580 1.119 —1.148 4.031 -1.775 —2.066 0.308 -1.232
Male educational qualification rate 1.318 0.239 0.000 0.000 0.000 0.000 —-0.103 —0.398 0.000 —0.885 1.924 2.438 0.000 0.072 -0.512
Female educational qualification rate 0.000 0.000 0.000 0.504 -1.992 -0.531 0.000 =0.152 —1.141 0.895 0.000 0.000 —0.141 0.000 1.071
Foreign rate 1.998 -1.632 0.000 0.177 0.683 0.000 1.127 0.381 0.000 —6.086 0.980 —2.243 —1.456 —0.456 -2.058
Grandparent rate 0.000 0.110 —0.952 1.430 0.000 0.433 2.050 —0.442 1.472 0.777 0.000 0.000 —-0.813 -0.258 0.000
Babysitter rate 0.000 0.684 0.000 0.000 -2.773 0.000 —1.160 -0.509 0.537 0.000 0.000 1.343 —1.434 0.000 0.459
Number of members in the household —0.070 0.000 5.227 1.528 0.527 -1.194 1.451 —-0.731 -2.018 —0.954 —0.667 0.959 0.493 2.067 —0.884
Fertility rate 1.050 -1.631 0.244 -0.857 0.848 -0.251 0.405 0.000 -1.717 —2.049 0.000 0.000 1.488 0.141 —-0.073
VsM 0.000 0.000 4.139 0.000 —3.436 -3.311 —0.436 1.185 -1.932 0.000 —2.428 0.000 1.125 0.084 2.752

some territories more than in others, and the latter, in some cases, are
entirely lacking. Moreover, Italy is facing ultra-low fertility rates. In this
context, the Italian government has approved an extraordinary funding
plan, utilizing Next Generation EU funds to bolster the provision of
ECEC services. The aim is to address the imbalances in supply levels
across different regions of the country.
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In this challenging environment, this paper has explored the spatial
distribution of ECEC services in Italy, jointly with territorial socio-
demographic information that explains the demand side. Therefore,
by applying the proposed spatial clustering approach, we showed and
explored the strong variability of demand and supply across the Italian
territory, confirming a lack of uniform ECEC governance. We then
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Fig. 10. Geographical map representation of the female employment rate (left top), male educational rate (right top), per capita expenditure rate (left bottom), and foreign rate
(right bottom) at the ATS spatial level. The thick black segments represent the regional borders.

identified patterns (i.e., groups of ATSs) sharing similar supply and
demand characteristics. Therefore, employing appropriate statistical
methods and integrating data from various sources enabled a better
understanding of the relationship between the demand and supply of
these services. This approach helps identify territorial commonalities
and differences, providing valuable insights into the impact of gover-
nance policies or the lack thereof. While only some hypotheses have
risen from our analyses on the first aspects, and further research is
needed on the observed territorial differences, some interesting aspects
emerged.

We noted how the situation in South Italy is critical in terms
of demand and supply of ECEC services: the low services provision
goes together with significant material and social deprivation with
few job opportunities for females. In particular, only in some southern
Italian areas (e.g., southern Appennini region and Salento) are present
possible alternatives to ECEC services as a family (e.g., grandparents)
or external support (e.g., babysitters). In contrast, northern and central
Italy has more female employment opportunities even if the supply side
is lacking in some areas (e.g., suburban northern areas). In particular,
several areas in central Italy are inhabited by large families, thus
suggesting the presence of family support, while commuting workers
characterize several areas in the North. Finally, areas with particular
characteristics were observed, such as university cities where the rate
of study is high and commuting is relatively uncommon, the Naples
area with considerable social and material deprivation, and suburban
areas characterized by high commuting.

Policymakers must observe and account for these patterns to de-
velop efficient welfare policies. For instance, our research has high-
lighted the effect of the presence of universities in designated areas
across the South and North. In response, the government could devise
welfare initiatives targeting young couples in these areas, such as

11

facilitating access to affordable housing and establishing collaborative
ECEC services in partnership with universities. Furthermore, many
commuting workers are concentrated in specific northern areas. Spe-
cific policies should be implemented to help parents organize a working
life outside their municipality of residence. Policymakers could design
policies that improve accessibility to ECEC services for commuters by,
for example, proposing flexible hours for dropping off and picking
up children. In addition, a comprehensive examination of commuter
patterns between municipalities would provide valuable insights for
designing such policies. Socio-economical aspects of the population
characterize the demand, and the NRRP should, therefore, aim to
understand the multidimensional structure of the supply and demand
of ECEC services instead of focusing only on the supply side. Here, we
proposed an instrument to look at that. Nevertheless, some limits stand.

Describing ECEC demand is challenging in Italy since the Italian
permanent census is the only available data at the moment. This
paper attempts to capture the presence of an alternative to childcare
by constructing indices such as the grandparent and babysitter rates.
However, the grandparent rate includes a portion of the population
that is too old to be helpful to the family, and the babysitter rate
considers only female students between the ages of 15 and 25. A future
direction could be, therefore, improving the description of the presence
of alternative childcare if additional data becomes accessible. Other
measures could be inserted into the regionalization model to improve
the description of the socio-economic structure of the population, such
as the Italian citizenship income and fertility rate trends that were
not available when the analysis of this manuscript was made. Finally,
extending the analysis to include multiple years of observations could
provide valuable insights into the temporal dynamics of these clusters,
helping to identify virtuous regions that have successfully improved
their ECEC policies over time. To properly isolate the effect of effective



A. Andreella et al.

Grandparent rate
20

No. members
3.0

Socio-Economic Planning Sciences 95 (2024) 102034

Babysitter rate

2.00
1.75
1.50
1.25
1.00

IVSM
115

110
105
100

Fig. 11. Geographical map representation of the grandparents rate (left top), babysitter rate (right top), number of members in the household (left bottom), and IVSM (right

bottom) at the ATS spatial level. The thick black segments represent the regional borders.

policies, causal inference approaches such as Difference-in-Differences
(DiD) and the Average Treatment Effect on the Treated (ATT) can be
utilized. However, given that we currently only have observational data
and cannot conduct a controlled study, these methods are not feasible
at this moment. For future developments, employing these methods
could be valuable in evaluating the effectiveness of specific policies.
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Appendix A. Exploratory plots

Fig. 9 shows some exploratory plots (i.e., pairwise scatter plots, fre-
quency histograms, and boxplots) for examining the variables defined
in Section 2 and used in the clustering/modeling analysis. Each color
represents one Italian macro area (light red for the Center, dark yellow
for the Islands, green for the North-East, light blue for the North-West,
and purple for the South).

Figs. 10 and 11 show the geographical distribution at the ATS
spatial level of some variables described in Section 2.

Appendix B. Results

Table 4 shows the coefficients estimated from the penalized multi-
nomial model discussed in Section 3.
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