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The legacy of literacy: evidence from Italian regions
Roberto Basilea , Carlo Ciccarellib and Peter Grootec

ABSTRACT
Italy was unified in 1861. As part of the process of nation-building, a mandatory free-of-charge primary school system
was established. Whereas the new school system greatly contributed to the modernization of the country, its initial
design did not considerably reduce regional disparities in human capital, with Southern regions lagging behind. The
paper studies the effects of the heterogeneous territorial diffusion of literacy during the post-unification period
(1871–1911) on economic outcomes of Italian provinces 100 years later. We exploit the exogenous variations in the
territorial spread in literacy rates arising from the gradual building and expansion of the railway network across
provinces. We find evidence that provinces with a higher territorial diffusion of literacy in the post-unification period
today have higher income per capita, lower unemployment and greater educational attainment.
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INTRODUCTION

This paper provides an empirical investigation of the
causal effects of the heterogeneous territorial spread of
human capital during the late 19th century on various
economic outcomes today. The focus is on Italy, a
country historically characterized by sizeable regional
disparities.

Italy was unified in 1861. Immediately after the coun-
try’s unification, the Casati law established a mandatory
and free-of-charge nationwide elementary school system.
The evaluation of the Casati reform in the literature is
mixed. On the one hand, there is agreement that the
reform was overall effective in raising the basic educational
level of the Italian population. Cipolla (1969) documents
that literacy rates in Italy doubled during 1871–1911
(from 31% to 62%). On the other hand, he also documents
huge regional disparities. In 1871, for instance, Piedmont
(Northern Italy) had literacy rates of 68%, while in Basili-
cata (Southern Italy) they reached just 12%. Similarly,
Graff (1987, pp. 299–301) notes that the 19th-century
progress in human capital developments was ‘impressive,

but regionally stratified’ and that ‘the educational opportu-
nities spread far more rapidly in urban areas and in the
north, thereby exacerbating the dualism of Italy’s
economy’.

According to the historical literature, the ‘original sin’
of the Casati law was that the financing of the primary
schooling system was left to the (often slim) budget of
the municipalities (Zamagni, 1978). This did not take
into account the very heterogeneous situation inherited
from the past (Ciccarelli &Weisdorf, 2019) and the scarce
financial resources of municipalities, especially in rural
areas of the South where the career of primary school tea-
chers was often discontinuous (De Fort, 2015) and literacy
did not progress adequately. Important differences
emerged between the functioning of the school system in
the urban centres and in the countryside, with rural muni-
cipalities often isolated due to poor infrastructures. Policy-
makers finally acknowledged this partial failure (Zamagni,
1978). Indeed, the Daneo-Credaro Law of 1911 estab-
lished that, with the exception of provincial capitals, the
management and financing of the elementary school sys-
tem, including the payment of the salary of the elementary
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school teachers, was taken on by the state (Cappelli &
Vasta, 2020; De Fort, 1995).

The historical literature points to this late switch
towards a centralized primary school system, as one of
the causes for the insufficient development of human capi-
tal in some areas of the country during the half century fol-
lowing the unification. What we investigate here is
whether this inadequate institutional design and the con-
sequent uneven territorial diffusion of human capital pro-
duced long-lasting effects. Our story is not just that
provinces with higher average literacy rates in the 19th
century show a better economic performance today.
Rather, we look at the 1871–1911 reduction in the gap
between the literacy rates in the provincial capital city
and that in the rest of the province. This distinction is
among the pillars of the Daneo-Credaro reform of 1911
and represents a crucial discriminant in the territorial dif-
fusion of human capital. As we will illustrate, the Northern
regions were able to bridge this gap earlier than the
Southern region, and thus were able to create a more uni-
form territory in terms of human capital relatively quickly.
We will show that these regional differences in the terri-
torial diffusion of basic educational levels during the late
19th century produced long-lasting effects on various
regional current economic outcomes in Italy. The evidence
presented in this paper should provide a useful guidance in
understanding the historical roots and the assessment of
the regional divide still characterizing the Italian case
today.

From an empirical point of view, assessing the long-
run economic effects of early literacy developments is chal-
lenging. A natural strategy is to examine the relationship
between an indicator of the historical territorial diffusion
of human capital and current economic outcomes across
provinces in Italy. However, there are important short-
comings of such an exercise. First, there may be persistent
omitted factors that affected the decision of being literate
in each province that could independently influence the
outcomes of interest. Second, it is also possible that literate
people were attracted by locations with more growth
potential. These concerns would cause the ordinary least
squares (OLS) estimates to be biased. To overcome this
problem, we use an identification strategy (based on an
instrumental variables (IV) approach) that exploits the
exogenous cross-province variation in the territorial spread
of literary induced by the diffusion of the railway network
(for a similar approach, see Sequeira et al., 2020). Indeed,
during 1871–1911, the national railway network was com-
pleted. The resulting sizeable increase in accessibility and
the diffusion of urban culture, through the mobility of
people and circulation of ideas, penetrated the countryside
at a different pace and the perception of the relevance for
literacy was different in different places.

The remainder of the paper is structured as follows.
The next section provides some economic background
on the regional divide in Italy and a concise review of
the related literature. The third section presents a new
indicator of the territorial diffusion of literacy. The fourth
section introduces the identification strategy, and in

particular the accessibility measure tied to the diffusion
of the railway network, and the validity of the instrument.
The empirical results are illustrated in the fifth and sixth
sections. Finally, the seventh section concludes.

ECONOMIC BACKGROUND AND RELATED
LITERATURE

Over the course of the 20th century, the structure of the
Italian economy changed radically. The role of agriculture,
once predominant, is marginal today. The demographic
transition completed in the 1980s. The population, once
young and growing rapidly, is nowadays stagnating and
ageing, and the only source of population growth is net
immigration. Indeed, these long-term features are com-
mon to most Western countries. However, a persistent
feature characterizes the Italian case: the enormous and
long-lasting socioeconomic regional divide. While at the
beginning of the 20th century the whole country lagged
behind European Union (EU) regions in terms of per
capita gross domestic product (GDP), over time the Ita-
lian North–South divide increased considerably (Figure
1). To give an example, six out of 10 of the poorest regions
ofWestern Europe in 2010 in terms of per capita GDP are
in the Italian South.

The reasons behind the relative backwardness of the
Italian South have been widely investigated and are
often at the centre of the economic and policy debate
(Federico et al., 2019, passim). In fact, the only historical
period when the North–South income gap shrunk over
the last century was the period 1950–70 (Felice, 2019).
The prevailing literature attributes the positive perform-
ance of the South to heavy state intervention in terms of
public investments. The capital endowment of the South
in terms of infrastructures and industrial plants increased.
However, this additional capital was concentrated in a few
locations, and the potential stimulus to economic growth
did not propagate to the entire South. The long-term
effects of this forced industrialization were not sufficient
to reduce significantly the deep economic gap between
the North and the South.

Various scholars suggested that regional differences in
the early accumulation of human capital are among the
causes underlying the persistent regional divide. Felice
(2012) estimates convergence regression models for per
capita GDP for Italian regions during 1891–2011 and dis-
cusses the relative role played by human and social capital.
Bertola and Sestito (2013) and Di Martino and Vasta
(2017) also follow a long-run approach and argue that
poor human capital accumulation limited the development
of high-tech industrial sectors, and represents one of the
possible causes of underlying differentials in regional
long-term developments. Diebolt and Hippe (2019)
extend the analysis to EU regions. They investigate the
long-term effect of early human capital accumulation on
innovation and inventive activity, and ultimately GDP.
These contributions of the historical literature represented
an important descriptive guidance to our analysis. How-
ever, they do not propose a way to identify long-term
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causal relations from human capital to economic develop-
ment. We contribute to this literature by providing an
empirical investigation of the causal effects of the territor-
ial diffusion of human capital during the late 19th century
in Italy on various economic outcomes today. As we will
illustrate, we propose an IV strategy that explicitly dis-
cusses endogeneity issues and proposes a new instrument
to address them.

This paper is also inspired by theoretical contributions
of the regional economic literature in terms of innovation-
prone and innovation-averse regions (Rodriguez-Pose,
1999), regional absorptive capacity (Caragliu & Nijkamp,

2012), and the social filter (Crescenzi & Rodriguez-Pose,
2012). Boschma (1998) considers Italian regions and the
rise of new industrial clusters since the 1950s to test the
validity of the so-called window of locational opportunities
(WLO), a theoretical spatial concept related to the long-
term ability of regions to generate or apply new technol-
ogies. Gorin (2017) focuses on European urban areas.
He assumes that mobility and networks provide access to
knowledge, but the proportion of accessible knowledge
depends on absorptive capacity, and that the latter is posi-
tively related in turns with human capital. All these contri-
butions investigate the set of territorial elements that

Figure 1. Per capita gross domestic product (GDP) in selected European Union (EU) regions, 1900–2010: GDP per capita for (a)
1900; (b) 1950; and (c) 2010.
Note: The map illustrates the ratio of regional pcGDP to the EU average.
Source: Authors’ elaboration on Roses and Wolf (2019), a database that includes 173 NUTS-2 European regions.
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favour or delay long-term development. A novel aspect of
our approach is that we operationalize the important hints
stemming from this literature by providing a new indicator
of the territorial diffusion of literacy that focuses on the
differences in early human capital accumulation between
the major urban centres and the rest of the provincial ter-
ritory, often constituted by rural areas.

Our paper also adds to the persistency literature by
focusing on long-term regional effects of historical factors.
In recent decades, an increasing number of scholars have
analysed the possible persistent effects of past accumu-
lation of human and social capital. Classical references
include Guiso et al. (2006), Becker and Woessmann
(2009) and Tabellini (2010). Caicedo (2019) uses histori-
cal data at the local level for Argentina, Brazil and Para-
guay, and shows that in areas of former Jesuit presence
educational attainment was higher and remains so today,
after over two centuries. These educational differences,
rooted in the late 18th century, have translated into
incomes that are 10% higher today.

This literature attracts increasing interest, although it
is not immune from criticism. Kelly (2019), for example,
examines 28 different regional persistence studies pub-
lished in leading journals and finds that these studies do
not adequately address spatial autocorrelation in residuals
(adjacent observations are not truly independent of each
other, but show a high dependence) raising doubts on
the validity of the main results, at least on the reported
standard errors of the estimates. Voth (2020), however,
discusses these criticisms and concludes that persistence
is real. He notes that the presence of residual spatial auto-
correlation is problematic for all empirical regional studies
and is not specific for persistence studies. He also notes
that nearly all of the papers considered by Kelly (2019)
address the issue of spatial autocorrelation in the most
robust model specifications by using, for example, regional
fixed effects, latitude–longitude interactions and clustered
standard errors. As we will illustrate, we also address this
issue in all steps of our analysis to ensure that any residual
spatial autocorrelation is successfully removed.

THE HISTORICAL DIFFUSION OF
LITERACY: A NEW TERRITORIAL
INDICATOR

As argued in previous sections, the diffusion of literacy
during the half-century after the unification of Italy was
characterized by a sizeable difference between the capital
cities and their hinterlands, especially in the South. In
order to quantify this phenomenon, we used data from
the population censuses to construct the following indi-
cator:

SpreadLiti,t = literacy rate in the whole province

literacy rate in the provincial capital

computed for each province i (i = 1, . . . , 69) and each
census year (t = 1871, 1881, 1901, 1911).1 Literacy rates
are defined over the population aged six years and above

(for details on the historical sources, see Appendix A in
the supplemental data online). The underlying idea is
that by monitoring the temporal evolution of the
SpreadLit variable, we are able to analyse the spatial diffu-
sion of literacy at a fine level of disaggregation.2 Table 1
documents the spatio-temporal evolution of SpreadLit.3

For a given point in time, a low value of SpreadLit indi-
cates a (relatively) low value of literacy rates in the often
rural ‘rest of the province’ area.4 A rise in SpreadLit over
time can be interpreted as a higher diffusion of human
capital in the province. Thus, the indicator proposed
here helps to capture the early formation of a homo-
geneous territory in terms of basic human capital for-
mation that represents a crucial ingredient of the
absorptive capacity of certain areas of the country. Table
1 clearly points to a widespread diffusion of literacy,
with average values increasing in the three macro areas.
Large differences can be noticed, however, in the speed
of reduction of the standard deviations, from rapidly in
the North to moderate in the South.

Figure 2 displays the kernel density estimates of the
numerator (literacy rate in the whole province) and the
denominator (literacy rate in the provincial capital) of
SpreadLit. A shift to the right of all the distributions indi-
cates a generalized increase of literacy during 1871–1911,
in line with the diffusion of the national schooling system.
However, regional stratification is impressive. Only in the
North did the rise in literacy go along with a marked
reduction in its territorial dispersion, in the cases of both
whole provinces and capital cities. At the end of the
sample period, a few years before the First World War,
the overlap between the two curves is particularly pro-
nounced, indicating a clear closure of the gap between lit-
eracy rate in the capital city and the rest of the province. A
similar reduction of the gap does not emerge for the rest of
the country. In the Centre, we observe just a little
reduction of spatial dispersion, but also a tendency towards
a bimodal distribution, suggesting polarization. In the
South, there is very little overlap of the two density func-
tions even at the end of the sample period.

THE IDENTIFICATION OF THE EFFECT OF
THE TERRITORIAL DIFFUSION OF
LITERACY

Estimating the long-run effects of literacy diffusion at the
local level on current economic outcomes is challenging. It
might not be the creation of a homogeneous territory in
terms of human capital that induced economic develop-
ment of an area, but rather the high growth potential of
that area that has attracted skilled workers and favoured
the formation of a homogeneous territory in terms of lit-
eracy. To address this endogeneity problem, we follow
an IV approach exploiting the exogenous cross-province
variation in SpreadLit induced by the building of the
national railway network. We use a new measure of the
accessibility of cities by railroad as a valid instrument to
control for the endogeneity of SpreadLit in a two-stage
least squares (2SLS) procedure.
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Accessibility measures
The accessibility of a node in a network can be defined as
the inverse of the travel costs between the particular node
and all other nodes in the network, weighted by the impor-
tance of each node.5 Following standard gravity models
(Harris, 1954), we measure costs in time and weights by
provincial population size. We follow Koopmans et al.
(2012) and define the index of accessibility for nodes in
the Italian railway network as:

Accessi,t = POPi,t

︷��︸︸��︷InternalAccess

Tb
ii,t

+
∑
j=i

POPj,t

Tb
ij,t

︷�����︸︸�����︷ExternalAccess

(1)

where Accessi,t indicates the accessibility of node i at time t;
POPi,t is the population of i at time t; Tii,t is the average
internal travel time in i at time t; Tij,t is the lowest travel
time between nodes i and j at time t; and b is a dis-
tance–decay parameter. As in Koopmans et al. (2012),
we set the value of b ¼ 1. The nodes (i and j) are all 69
Italian provincial city capitals. Total accessibility consists
of two elements: the internal accessibility (within province
i) and the external accessibility, defined as the sum of the
travel times from province i to all other provinces.

To evaluate external accessibility, we use population
data from the historical censuses and calculated travel
times between each provincial capital and all other provin-
cial capitals using the geodatabase of the Italian railway
network (1839–1913) by Ciccarelli and Groote (2018).
During 1861–1911, the network developed and covered
the national territory. In terms of thousands of kilometres
it increased from about 2.5 to about 18.5. Figure 3 illus-
trates the railway network in 1861 and 1911 (for additional
maps covering the period 1861–1911, see Appendix D1 in
the supplemental data online). The maps clearly show that
flat lands, which make railway construction less costly, fit
railway development, and are mainly present in the North
and along the coast.6 In 1911, the density of the network
in Northern regions is considerable. Instead, Central and
Southern regions are crossed by the Apennines, limiting
the capillarity of the network and consequently accessibil-
ity. As detailed in Appendix D1 online, accessibility is
constructed as a topological network in the ESRI ArcGIS
10.3 geographical information system. For each railway
line, the geodatabase contains the exact location of the
whole route, its network characteristics (i.e., if and
where it links to other railway lines) and attribute data
that include the year of construction and the type of
gauge. Also included as an attribute is a variable that indi-
cates the year-dependent assumed speed, that in turns dif-
fers for standard and narrow gauges.7 We derived origin–
destination matrices for each census year, giving the short-
est travel time between each pair of provincial capitals (so
69× 69 matrices for each year).

The internal accessibility is conceptualized by Koop-
mans et al. (2012) as the population size of province i at
time t, divided by the ‘internal travel time’ Tii,t . The latter,
then, is calculated ‘by dividing the average internal travel
distance by the average internal travel speed’. We followedTa
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them in the calculation of the internal travel distance (the
square root of the area of the province, divided by p). The
area and population size of each province are available
from the population censuses. While Koopmans et al.
use a constant walking speed of 5 km/h, we estimate travel
speed by taking into account our knowledge of the devel-
opment of the railway network within the province:

internal travel speedit = 5× (1

+
�����������������
railway lengthit

√
) (2)

By definition, this results in an internal travel speed in pro-
vince i of 5 km/h before the arrival of the railway.With the
extension of the network, the speed will gradually increase
in a province-specific way.

Instrument’s validity
The choice of our instrument based on accessibility is sup-
ported by arguments which are extensively discussed in
Appendix D in the supplemental data online, and which
are briefly summarized here.

First, there is ample evidence in the literature that the
newly built railway network contributed to the diffusion of
literacy within and between provinces. This means that if a
province became connected to the rail network during the
period 1871–1911, it would have a higher SpreadLit value.
Therefore, we expect to find a strong correlation between

Access and SpreadLit in the first stage of our 2SLS model.
This indeed is what Figure 4, referring to the year 1911,
suggests. However, it is important to underline that, as
we will see in detail in the empirical discussion, the influ-
ence of rail accessibility on the spread of literacy is con-
sidered conditionally on a rich set of local socioeconomic
variables (including population density and growth, and
measures of industrial and patent activities) and various
indicators of the education system (including school den-
sity, pupil–teacher ratio, and school expenditure per
pupil). As discussed in detail in Appendix D2 in the sup-
plemental data online on the relevance of the instrument, on
the one hand, the diffusion of railway contributed to the
dissemination of knowledge by distributing newspapers,
postal and telegraph services throughout the country. On
the other hand, the development of the railway contribu-
ted greatly to the spread of literacy through its crucial con-
nection with the newborn Italian army. After the
unification of the country, millions of young Italians
from rural areas were initiated to schooling (by attending
mandatory military schools) and to travelling. Indeed, as
part of the nation-building process and to reduce their
tie with their place of origin, soldiers were systematically
relocated among military headquarters. These were typi-
cally located in cities, often in the North. Through this
crucial channel, soldiers received the stimuli of the urban
experience, often for the first time. This represented a

Figure 2. Distribution of literacy rates in Italian provinces and provincial capital cities, by macro-areas, 1871, 1881, 1901 and
1911: (a) North; (b) Centre; and (c) South.
Note: The two curves represent the numerator and denominator of the SpreadLit variable. Literacy rates (on the x-axis, scale 0–
100) are defined over the population aged six years and above.
Source: Authors’ elaboration on population census data.
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Figure 3. The Italian railway network in (a) 1861 and (b) 1911.
Sources: Authors’ elaboration on Ciccarelli and Groote (2018); and USGS.
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culture shock through which modernization and the
importance of achieving literacy penetrated the country-
side for generations of soldiers and their families.

Second, there is wide evidence in the literature that the
backbone of the Italian railway network was built for mili-
tary or strategic reasons. In addition, the choice of routes
of subsequent secondary internal lines built during the
1880s and the early 1890s was mostly based on political
and electoral reasons. In other words, throughout the
19th century provinces were well connected by railway
mainly for military, strategic and political/electoral reasons
rather than for economic ones (the point is discussed in
detail in the Appendix D3.1 in the supplemental data
online). This implies that our instrument is not related
to the error term (exogeneity of the instrument argument).
Therefore, the advantage of using historical information
on rail accessibility is that it generates an inter-provincial
variation in SpreadLit that is unlikely to affect our contem-
porary economic outcomes of interest other than through
the territorial historical spread of literacy. Moreover, we
provide empirical evidence that, conditioning on a wide
set of socioeconomic variables, railway developments
were uncorrelated to economic growth (see Appendix
D3.2 online). This evidence helps to corroborate our thesis
that the increase in rail accessibility during 1871–1911
influenced directly (rather than indirectly through an over-
all improvement in well-being) our historical measure of
spatial diffusion of literacy.

EMPIRICAL STRATEGY

Our empirical approach is inspired by Sequeira et al. (2020),
who assessed the long-run effects of European immigration
to the United States during the age of mass migration, also
exploiting the gradual expansion of the railway network in
the United States for the identification strategy. We begin
with a ‘zero-stage’ regression where we examine a panel of
provinces every census decade from 1871 to 1911, and esti-
mate the determinants of the ratio between the literacy rate
in the whole province and that in the provincial capital
(SpreadLit). Let Si,t = SpreadLiti,t , the zero-step equation
is specified as follows:

Si,t = ai + lt + bAi,t−1 + Xi,t−1G+ 1i,t (3)

where i = 1, 2, . . . , 69 is the provincial index; and
t = 1871, 1881, 1901, 1911 is the time index. The specifi-
cation includes our measure of railway accessibility in logar-
ithmic scale – Ai,t−1 = ln (Accessi,t−1) – at the beginning of
the census period, which is the basis of our instrument, as
discussed in the fourth section; and b is the corresponding
coefficient. The ai coefficients represent provincial fixed
effects capturing time-invariant unobserved heterogeneity,
while the lt are temporal fixed effects capturing common
effects. TheX matrix in equation (3) includes those control
variables (lagged by one period) which have proved to cor-
relate well with provincial literacy rates through the diffu-
sion of the national primary school system (Casati Law
and subsequent reforms) during the historical period

considered. These variables (data from Bozzano & Cap-
pelli, 2019) include in particular the (log of the) pupil–tea-
cher ratio (Pupil − teacher), the (log of the) schooling
expenditure per pupil (Exp.− pupil), and the (log of the)
school density (SchoolDens).

Given the concern that the early railway accessibility
may have had a direct effect on long-term development
by allowing industrialization, innovation, urbanization
and population growth, we also include in matrix X the
following variables: a measure of provincial industrial
specialization (IndustryShare, that is, the log of the share
of manufacturing value added on total value added both
at 1911 prices, data from Ciccarelli & Fenoaltea, 2013),
a measure of provincial inventive and innovation activity
(Patenting, that is, the log of the number of patents per
capita; data from Nuvolari & Vasta, 2015), the log of pro-
vincial population density (PopDens), and inter-census
provincial population growth PopGrowth. The inclusion
of these controls of demographic nature is particularly
important considering that the Italian population was
growing rapidly in the second half of the 19th century,
and possibly at different regional speeds. The last control
variable included in equation (3) is the share of population
in the provincial capital over the total provincial popu-
lation during the different census years. The rationale
behind the introduction of this variable is the possibility
that our zero-step dependent variable (SpreadLit) actually
captures the expansion of the provincial capital within the
province, rather than the territorial diffusion of literacy.

Using the zero-stage estimates, we construct, for each
province and census decade, a measure of literacy diffusion
that is predicted using only the railway accessibility vari-
able (Ŝi,t = b̂Ai,t−1, where b̂ is the estimate of b from
equation 3). In other words, the only variation that we
interpret as exogenous is the effect of being connected to
the railway during the aggregate post-unification period.
This procedure yields a predicted literacy diffusion rate
for each province and decade. Using these estimated
rates, we then create, for each province, an average across
decades from 1871 to 1911:

Zi = 1

T

∑T
t=1

Ŝi,t = 1

T

∑T
t=1

b̂Ai,t−1 (4)

Finally, we estimate the cross-province relationship
between the average historical literacy diffusion rate and
an economic outcome today using the predicted literacy
diffusion rate, Zi, as an instrument for the actual historical
literacy diffusion rate. We implement our IV procedure
using 2SLS. The first-stage equation is specified as:

�Si = a+ mZi + XiV+ 1i (5)

where �Si is the actual temporal average (1871–1911) of
SpreadLit.

The second-stage equation is:

yi = d+ ĉ�Si + XiP+ ni (6)

where yi is a contemporary economic outcome of interest
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(real disposable income, unemployment rate, human capi-
tal and patent intensity), measured in 2011.8 The vector Xi

includes only two purely exogenous geographical charac-
teristics of the province, namely (1) the (log of) popu-
lation-weighted average altitude of the municipalities
belonging to the province, and (2) a dummy ‘North’ indi-
cating whether or not the province belongs to the North of
the country.

EMPIRICAL EVIDENCE

Zero-stage estimation results
The results of the zero-stage regression (equation 3) are
reported in Table 2. The standard errors are computed
using heteroskedasticity and both spatial and serial auto-
correlation consistent (HAC) robust covariance matrices
of parameters for fixed effects panel data models. In col-
umn model 1, we report a simple specification without
other controls than for spatial and temporal fixed effects.
In model 2, we extend the specification by including
other control variables.

These results suggest that the railway accessibility vari-
able (our key variable) is a strong predictor of the territorial
diffusion of literacy in a province. The associated coeffi-
cient is positive and statistically significant, which means
that provinces with higher accessibility to the railway net-
work experienced higher human capital diffusion. Note-
worthy, the result is robust to the inclusion of various
socioeconomic control variables, and the spatial and tem-
poral fixed effects as well.

Among the controls, and in line with the results in
Ciccarelli and Fachin (2017) and Bozzano and Cappelli
(2019), both the Pupil − teacher ratio and the SchoolDens
variables are positively correlated with our measure of ter-
ritorial diffusion of literacy at 5% level of significance,
while the coefficient of Exp.− pupil is only significant at
10% significance level. Also, the coefficient of Patenting

is positive and significant, while IndustryShare has a nega-
tive effect on SpreadLit. Finally, we can exclude any demo-
graphic effect on the territorial diffusion of literacy, since

Figure 4. (a) SpreadLit and (b) accessibility in 1911.
Source: Authors’ elaboration on the data reported in the population censuses and in Ciccarelli and Groote (2018).

Table 2. Zero-stage fixed effects estimates. Dependent
variable: SpreadLit.
Variable Model 1 Model 2

Accessi,t−1 0.052∗∗∗
(0.015)

0.050∗∗∗
(0.016)

Pupil−teacheri,t−1 0.143∗∗∗
(0.039)

Exp−pupili,t−1 0.045∗
(0.021)

SchoolDensi,t−1 0.077∗∗
(0.031)

IndustrySharei,t−1 −0.111∗∗∗
(0.029)

Patentingi,t−1 0.918∗∗
(0.427)

PopDensi,t−1 0.001

(0.127)

PopGrowthi,t−1 −0.001
(0.001)

PopCapSharei,t−1 −0.310
(0.291)

Province fixed effects Yes Yes

Time fixed effects Yes Yes

Observations 207 207

Within R2 0.066 0.347

Note: Heteroskedasticity and spatial/serial correlation consistent (HAC)
standard errors are shown in parentheses.
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the coefficients of the three demographic variables are not
significantly different from zero.

As mentioned in the previous section, we have com-
puted a predicted literacy diffusion rate for each province
and decade using as predictor the railway accessibility
(exogenous) variable only, and then we have created, for
each province, an average across decades from 1871 to
1911, obtaining our IV (Zi; see equation 4) for the 2SLS
approach (see equations 5 and 6). For reason of space,
the positive correlation between actual and predicted aver-
age values of SpreadLit and their geographical distribution
are assessed in Appendix E1 in the supplemental data
online.

The long-term effects of territorial diffusion of
literacy on economic outcomes
In this section we discuss the estimation results of the
long-run effect of historical territorial diffusion of literacy
on economic outcomes (equation 6).We selected four pro-
vincial contemporary economic outcomes for the year
2011: (1) disposable income; (2) unemployment rate; (3)
human capital (average years of schooling); and (4) patent
intensity.9 Figure 5 shows the spatial distribution of these
variables: the North of Italy is strongly characterized by
higher incomes, lower unemployment rates and higher
patent intensities with respect to the rest of the country;
human capital is higher in the Centre of Italy and in Emi-
lia-Romagna. The degree of spatial autocorrelation is
indeed always significantly positive (with the standardized
Moran’s I of 9.455–10.545).

Table 3 reports the 2SLS estimates with and without
the two exogenous geographical controls (the dummy
‘North’, and the logarithm of population-weighted average
altitude of the municipalities belonging to the province).10

The upper part displays OLS estimates to compare the
magnitude of the coefficients with and without control
for endogeneity. Preliminary regression models were
characterized by spatially autocorrelated residuals, indicat-
ing a misspecification error. In order to solve this problem,
we have applied the Moran eigenvector approach dis-
cussed by Tiefelsdorf and Griffith (2007).11 As shown
by the results of the Moran’s I test reported in Table 3,
residual spatial autocorrelation has been removed by this
semiparametric spatial filter method.

As for the diagnostics of the 2SLS estimates, the Wu–
Hausman tests always confirm that our historical measure
of territorial diffusion of literacy (SpreadLit) is endogen-
ous, while the weak-instrument tests corroborate the
hypothesis of a significant correlation between our external
instrument (the predicted value of SpreadLit from the
zero-step model) and the endogenous regressor (the
observed SpreadLit variable). Table 3 reports the robust
first-stage F-statistics.12 In all cases (see Appendix E2 in
the supplemental data online for further details), we can
reject the null hypothesis of weak instruments.

The estimated 2SLS coefficients clearly show that the
spread of literacy over the 1871–1911 period resulted in
significantly higher income, less unemployment, higher
human capital and higher patent intensity today. This

evidence is robust to the inclusion of geographical con-
trols. The magnitude of the coefficients suggests that a
1% increase in the territorial diffusion of literacy
(SpreadLit) resulted in a 1.1% increase in income, a 0.1%
increase in human capital, a 0.3% decrease in the unem-
ployment rate and in 12% increase in patent intensity.13

Comparing OLS and 2SLS estimates, it clearly emerges
that the OLS correlation between SpreadLit and every
contemporary economic outcome is systematically much
smaller (in absolute terms) than the 2SLS estimates.
Thus, OLS estimates understate the long-run economic
benefits of the historical territorial diffusion of literacy,
indicating the existence of persistent omitted variables,
correlated to the historical territorial diffusion of literacy,
that independently affected the contemporary economic
outcomes.

The above evidence is fully consistent with the histori-
cal and regional economic literature considered in the
second section. By closing the urban–rural human capital
gap during the early stages of the transition into modern
economic growth, Northern regions were able to create
the solid territorial conditions able to produce long-lasting
economic advantages, thereby exacerbating the dualism of
Italy’s economy.

CONCLUSIONS

The Italian economy is characterized by a sizeable and per-
sistent regional divide, with Southern regions lagging
behind. The regional economic literature points to differ-
ences in territorial conditions (i.e., absorptive capacity) as a
crucial element of regional access to knowledge, inno-
vation and inventive activities, and ultimately economic
growth. History can help to shed some light on why cer-
tain regions are better endowed then others in terms of
these crucial territorial elements.

The paper uses a new set of historical data and pro-
poses a new indicator of the territorial diffusion of
human capital to investigate the long-term consequences
of the heterogeneous diffusion of basic education in
19th-century Italy on the regional economic divide nowa-
days. After the country’s unification in 1861, a free and
mandatory schooling system at the national level was
introduced. The financing of the school system was left
for decades to the (often poor) budgets of the municipali-
ties. The historical literature documents that the late
adoption of a centralized educational system was a partial
institutional failure that contributed to a very hetero-
geneous diffusion of literacy across regions. We show
that the consequences lasted well into the 20th century.
Our historical data and SpreadLit indicator show that lit-
eracy rates were generally higher in provincial capital cities
than in their hinterlands and that in the 50 years from the
unification of the country to the First World War, only
Northern regions were able to close this gap. Our results
show that this early creation of a homogeneous territory
in terms of human capital endowment, occurring when
the country was taking its first steps to modern economic
growth, has determined a persistent relative advantage of
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Northern over Southern regions in terms of income and
other economic outcomes.

The possible reasons behind the persistence of the Ita-
lian regional divide, and the limited success of both
national and European policies to reduce it, continue to
attract the interest of researchers and policymakers (Floer-
kemeier et al., 2021). Indeed, the analysis of within-

country variations to understand how human capital con-
tributes to economic development and interacts with insti-
tutions in the long-run has been partly neglected in the
literature (Acemoglu et al., 2014). Our contribution also
aims at enriching this branch of the regional economics lit-
erature. One of the aspects that surely deserves further
investigation is the empirical analysis of the actual

Figure 5. Economic outcomes, 2010: (a) disposable income; (b) unemployment rate; (c) human capital; and (d) patent intensity.
Source: Author’s elaboration on EUROSTAT, ISTAT and PROMETEIA data.
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Table 3. Spatially filtered ordinary least squares (OLS) and two-stage least squares (2SLS) estimates of the effects of historical diffusion of literacy on economic prosperity today.
Variable Income Unemployment Human capital Patent intensity

OLS
Intercept 2.356∗∗∗ 2.667∗∗∗ 0.176∗∗∗ 0.128∗∗∗ 0.092∗∗∗ 0.104∗∗∗ 0.116 2.815∗∗∗

(0.057) (0.081) (0.009) (0.013) (0.005) (0.005) (0.407) (0.582)

SpreadLit 0.677∗∗∗ 0.321∗∗∗ −0.130∗∗∗ −0.051∗∗∗ 0.027∗∗∗ 0.023∗∗∗ 4.761∗∗∗ 1.904∗∗∗
(0.080) (0.096) (0.013) (0.016) (0.004) (0.006) (0.573) (0.692)

North 0.174∗∗∗
(0.033)

−0.039∗∗∗
(0.005)

0.002

(0.002)

1.387∗∗∗
(0.236)

log(Altitude) −0.027∗∗
(0.012)

0.002

(0.002)

−0.002∗∗∗
(0.000)

−0.261∗∗∗
(0.091)

Adjusted R2 0.587 0.700 0.690 0.755 0.782 0.807 0.610 0.682

Moran’s I 1.003 1.007 0.902 1.045 1.065 0.997 1.110 0.819

[0.158] [0.157] [0.183] [0.148] [0.143] [0.159] [0.134] [0.206]

2SLS
Intercept 1.963∗∗∗ 2.317∗∗∗ 0.273∗∗∗ 0.237∗∗∗ 0.065∗∗∗ 0.065∗∗∗∗ −4.251∗∗∗ −2.064

(0.106) (0.153) (0.020) (0.038) (0.005) (0.011) (1.157) (1.765)

SpreadLit 1.244∗∗∗ 1.069∗∗∗ −0.269∗∗∗ −0.285∗∗∗ 0.067∗∗∗ 0.106∗∗∗ 11.059∗∗∗ 12.334∗∗∗
(0.159) (0.334) (0.030) (0.085) (0.008) (0.028) (1.620) (3.668)

North 0.005

(0.089)

0.014

(0.023)

−0.017∗∗
(0.008)

−0.972
(0.584)

log(Altitude) −0.047∗∗
(0.020)

0.008

(0.005)

−0.004∗∗∗
(0.002)

−0.531∗∗∗
(0.192)

Moran’s I −0.311 −0.148 −0.103 0.072 −0.104 −0.310 −0.271 −0.268
[0.622] [0.559] [0.541] [0.528] [0.541] [0.622] [0.606] [0.606]

Weak-instrument F 76.840 17.690 76.388 16.952 69.869 17.050 75.663 17.602

Wu–Hausman 33.523 20.524 54.171 47.888 66.251 58.872 134.670 57.090

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

Note: Robust (against heteroskedasticity and spatial autocorrelation) standard errors are shown in parenthesis. P-values are shown in brackets. Dependent variables: Income (log of per capita disposable income in 2011),
Unemployment (unemployment rate in 2011), and Human capital (educational attainment in 2011). Weak-instrument F is the robust (against heteroskedasticity) first-stage F-statistic. The critical values of the Stock and
Yogo (2005) test are 16.38 at a 10% level of tolerance, 8.96 at 15%, 6.66 at 20% and 5.53 at 25% (see Appendix E2 in the supplemental data online for further details). Number of observations: 99.
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mechanisms through which the early uneven territorial
diffusion of human capital contributed over decades to
determine current regional disparities. Beyond gathering
new homogeneous data at the local level for intermediate
benchmark years, this will ask for an explicit consideration
of various factors that may have contributed to persistence.
These include structural change away from agriculture and
related urbanization process (Accetturo et al., 2019, focus
on the period 1951–2011), but also internal migrations
and their skill content (Fratesi & Percoco, 2014, consider
the period 1980–2011). We have left these important
aspects for future research.
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NOTES

1. There was no population census in 1891.
2. Appendix B1 in the supplemental data online illus-
trates the historical administrative units of Italy (regions
and provinces). Appendix C online reports additional evi-
dence on the geographical distribution of the variable
SpreadLit.
3. In Belluno in 1881, Massa Carrara in 1901 and 1911,
and Ravenna in 1871, the historical sources report literacy
rates higher at the provincial level than in the provincial
city capitals, so SpreadLit assumes a value slightly > 1.
4. For certain provinces, such as Leghorn in Tuscany,
Porto Maurizio in Liguria and Naples in Campania, the
dimension of the provincial territory is particularly
reduced, so that there is little territory left once we take
into account the provincial capital city.
5. Appendix D1 in the supplemental data online presents
several additional details on accessibility.
6. The map for 1861 shows this point particularly well.
The first lines were built in areas with no mountains.
7. Included in the network of railway lines are the virtual
shortest-distance lines between each provincial capital and
the closest railway line. These are necessary as links in the
network analysis if a capital is not yet connected to the rail-
way network. The speed on these virtual links is set to
walking speed (5 km/h).
8. For the sources of these data, see Appendix A in the
supplemental data online.
9. For the sources of these data, see Appendix A in the
supplemental data online.

10. The North includes seven regions: Lombardy, Pied-
mont, Valle d’Aosta, Liguria, Veneto, Friuli-Venezia Giu-
lia and Emilia-Romagna. As a robustness check,
Appendix E3 in the supplemental data online reports
the econometric results based on a third model specifica-
tion which includes additional (not strictly exogenous)
control variables, such as the shares of agriculture, manu-
facturing and service employment on total employment
and population density.
11. In the case of 2SLS estimates, we have first estimated
the model without control for spatial autocorrelation. We
have then identified the set of eigenvectors needed to filter
out spatial autocorrelation from the second-stage
residuals. Finally, we have re-estimated the 2SLS model
by including this additional set of exogenous regressors
in both the first and the second stages.
12. The value of this statistic differs slightly across the
equation depending on the outcome variable used, since
the set of eigenvectors is included as control functions to
filter out spatial autocorrelation from the residuals differs
across these equations.
13. To assess whether the effect of SpreadLit varies across
the two territorial areas, we have estimated a 2SLS model
with an interaction between the variable SpreadLit and the
dummy variable North. Evidence for all types of economic
outcomes considered in our analysis does not reveal any
spatial difference in the marginal effect of SpreadLit.
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